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Preface

The energy markets are undergoing a procesa substantial long-term concentration on re-
of rapid change as a result of many factors,search, development and demonstration of
including a shift in the emphases of energy new energy technology. A new public author-
and environmental policies in Sweden andity, the Swedish National Energy Adminis-
elsewhere. tration, was set up on 1st January 1998, with
In recent years, Swedish energy and envir-responsibility for implementing most of the
onmental policy has increasingly concentratedenergy policy programmes and coordinating
on establishing or improving long-term con- the work of restructuring the energy system.
ditions for effective energy markets. Restruc-  In addition, the Administration is also re-
turing of the Swedish electricity market, sponsible for monitoring developments in the
greater internationalisation and the effects ofenergy and environmental fields and for pro-
the energy system on the environment and orviding information on the current energy situ-
climate are important factors that influence ation. This covers aspects such as changes in
this policy and thus the development of en- the structure and pattern of energy supply and
ergy markets. use, energy prices and energy taxes and the
Sweden’s energy policy, as decided by theeffects of the energy system on the environ-
Swedish Parliament in 1997, is to provide se-ment.
cure short-term and long-term supplies of  Part of this work is represented by the an-
electricity and other energy on competitive nual publication of ‘Energy in Sweden’, which
terms. The country’s energy policy is intended is intended to provide decision-makers, jour-
to create the conditions for efficient use and nalists and the general public with a coherent
cost-efficient supply of energy, with minimum and easily available source of information on
adverse effect on health, the environment anddevelopments in the energy sector.
climate, while at the same time assisting the  This publication includes a presentation
move towards an ecologically sustainable so-of developments in the energy system in
ciety. Sweden, expanding the perspective to an
An extensive energy policy programme overview of the international energy mar-
has been started in order to facilitate restruckets. Finally, it includes a presentation of the
turing and development of the energy system.relationship between energy and the envir-
The main thrust of this work is in the form of onment. |

Stockholm, December 1999

A Bea%/ Polhala.

Thomas Korsfeldt Becky Petsala
Director-General Head of Department,
Department for Energy Policy Analysis
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Energy in Sweden in 1998 — an overview

Figure 1 ¢ Energy supply and use in Sweden 1998, TWh

The same diagram, expressed in PJ, can be found on page 37.

Hydro-

power

76

Energy conversion losses in
nuclear power plants

142

power!, FN/ECEmethod
15 (72+142)

Total energy supply 1998 ¢ 622 TWh? (Swedish method, 480 TWh)

Biofuels,
peat etc.
63

£ District heating

Electricity
127

Total final use 1998 by carrier categories 395 TWh?

Residential, commercial
and service sector etc.

156

Industry
150

Domestic transport

89

Energy conversion losses in
nuclear power plants

142

Total final energy use 1998 by sector categories 395 TWh2

1 The UN/ECE method includes the energy conversion losses in the nuclear power plants in the total energy supply

which is the difference from the Swedish method.

2 Preliminary figures. Due to rounding up or down of these figures, total figures may not always agree exactly

with the sums of the individual items.

3 Foreign maritime trade and energy for non-energy purposes.
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Total Energy Supply
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expressed in a number of ways. energy supply from 1970 to 1998 has been1998, (31 % when calculated by the Swedish
Figures 2a and 2b show Sweden’s about 532 TWh/year. method). The pnoortions of energy supply

total energy use as expressed by two differ- The constituents making up the total en- represented by coal, coke, biofuels, peat etc.
ent methods. The first method, which we call ergy supply have changed considerably overhave also increased relative to that of crude
the Swedish method, is that which has hith-this period. In 1970, crude oil and oil prod- oil and oil products. In 1970, coal and coke
erto been employed in official Swedish mater- ucts accounted for 77 % of the total energy supplied 4 % of the country’s energy, with
ial, including Energy in Sweden. The second supply, but had fallen to 33 % (43)y 1998.  biofuels, peat etc. supplying a further 9 %. By
method, the international method, is that rec-Nuclear power production started during the 1998, these proportions had increased to 4 %
ommended by UN/ECE, and is usually em- period, while hydro power production during (5 %) and 15 % (19 %) respectivély
ployed in international statistics. a statistically average climatic year increased  One of the factors that causes total energy

The difference between the two methods somewhat. This latter output is based on asupply to vary from one year to another is tem-
lies in the way in which the energy supply mean value of statistics concerning inflow to perature. 1970 and 1996, for example, were
from nuclear power is treated. The inter- the reservoirs for the period 1950-1990. To-colder than average. Calculated by the Swed-
national method considers the gross thermalday, nuclear power can produce aboutish method, this means that energy supplies
output from the reactors, i.e. before conver-220 TWh/year (72 TWh/year by the Swedish in those two years were higher than would
sion to electricity, while the Swedish method method) and hydro power can produce abouthave been the case in a normal year. 1998, on
considers the electrical energy output. This64 TWh/year under normal precipitation con- the other hand, was warmer than an average
means that the international method includesditions. The total proportion of overall energy year, and so energy supply was less than
the energy conversion losses in the nucleaisupply provided by hydro and nuclear power would otherwise have been the case. m
power stations, which is the difference from
the Swedish method.

According to the international way of pre-
senting the figures Sweden’s energy supply T;/gg Figure 2a ¢ Total energy supply in Sweden 1970-1998
has increased by 36 % between 1970 and

a country’s total energy use can be 1998, from 457 TWh to 622 TWh. Average has increased from 9 % in 1970 to 47 % in

Nuclear power, gross, FN/ECE method

600

500 Nuclear power, energy conversion losses

400

Hydro power, gross
300

Biofuels, peat efc.

200

100

1The figures in brackets indicate the energy supply pro-
portions of the respective fuels as calculated by the Swe- 70 75 80 85 90 95 98
dish method.

Wh Figure 2b e Energy supply in Sweden by energy carriers
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energy conversion losses in the nuclear
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Total Energy Use

Total energy use can be divided up into threematerials and feedstocks for applications such  The variations that occur from year to year
categories. First is what is known as the totalas the plastics industry. This non-energy postare due mainly to economic conditions and to
final energy use, i.e. use within the three sec-also includes lubricating oils and oil products climate conditions. The years from 1988 to
tors of residential/services etc., industry andused in the building and civil engineering sec- 1995 were warmer than normal, for example,
internal (i.e. domestic) transport. This cat- tors, e.g. asphalt, surface coatings etc. which partly accounts for the reduction in
egory accounts for the majority of all energy  The relative proportions of final energy use energy use by the residential/service sector
use. The second category comprises lossesaccounted for in the first group by industry etc. up to 1995. 1996, however, was colder
by which are meant distribution losses asso-and the residential/service sectors etc. havahan normal, which explains the increase rela-
ciated with the supply of electricity, natural gradually changed between 1970 and 1998tive to the previous year. 1998 was again
gas, town gas and blast furnace gas, districlThe industry and residential/service sectorwarmer than normal, resulting in a fall in en-
heating, conversion losses in heat and elecproportions have each fallen in relation to the ergy use between 1996 and 1998.

tricity production (although the losses asso-transport sector. Industry’s proportion has  As can be seen from Figure 1, total final
ciated with hydro power production are not fallen from 41 % to 38 %, and the residential/ energy use in 1998 amounted to 395 TWh.
included), conversion losses in refineries andservice sector from 44 % to 40 %, while the To this must be added 42 TWh for overseas
coking plants and, finally, the energy sector’s internal transport sector’'s proportion of the shipping etc. and 186 TWh for losses, giv-
own use of energy. The third category of en-country’s total energy use has risen from 15 %ing a total energy use of 622 TWh for the
ergy use comprises bunker oil for international to 22 %. year. [
shipping and coal and oil products used as raw

Twh Figure 3a ® Total energy use in Sweden 1970-1998
700
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500 Conversion losses in nuclear power plants

400

Conversion and distribution losses

Foreign maritime frade and

300
use for non-energy purposes Residential, commercial, service sector etc.
200
Domestic transport
100
Industry
70 75 80 85 90 95 98
Wh Figure 3b e Energy use in Sweden by sectors
Industry Domestic fransport Residential, commercial, Foreign maritime trade and use
service sector efc. for non-energy purposes
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The Electricity Market

1998 was the third year of the restructuredspheres: three consisting partly of foreign  The greatest increase is to be found in the
electricity market in Sweden and Finland: companies, with the fourth consisting of residential and service sector, where electri-
Norway had restructured its electricity mar- Vattenfall and its Swedish working partners. city use has increased by an annual average
ket in 1991. 1998 was characterised by grow-One sphere consists of the French EdF anaf 4 % since 1970, to more than 70 TWh in
ing competition in the electricity market and Graninge The second comprises the Finnish 1998, or about half of the country’s total elec-
good availability of hydro power, which kept EVO, working with Stockholm Energi in a tricity use. Most of this increase is due to a
prices in the power exchange very low. Sev-common company, Birka Kraft, which also change from oil to electricity for heating, cou-
eral new players, such as oil companies, havencludes Gullspang. The third sphere consistspled with greater use of electricity for build-
established themselves as sellers of electricityof Sydkraft, with the German Preussen- ing services systems.

Some concentration of ownership has beenElektra and the Nowegian Statkraft. The use of electricity in the residential and
noted in the last three years, particularly in service sector varies with temperature. 1998
the Swedish market. Strategic investments are Electricity use was warmer than an average year: in statistic-

being made by the larger power utilities, with Figures 4a and 4b show the growth in elec-ally average temperature conditions, the use
the aim of increasing their market shares. Thistricity use in Sweden since 1970. On aver-of electricity for heating would have been
action is manifesting itself in such ways as age, use has increased by 3 % per annum sincgbout 0.9 TWh more.
take-overs, purchase of shareholdings, alli-1970, amounting to almost 144 TWhin 1998.  In industry, the use of electricity has in-
ances and the establishment of subsidiaryAlthough electricity use increased by 5 % per creased on average by 1.8 % per annum since
companies in Sweden and in other countriesannum from 1970 until 1986, there has been1970. During 1998, industrial use amounted
In principle, it can be said that the pro- a considerable easing off in the rate of growthto almost 54 TWh, equivalent to 37 % of the
duction and trading sectors of the Swedishsince then, so that electricity use increased bycountry’s total use of electricity. This indus-
electricity market can be divided up into four only 0.4 % per annum from 1987 to 1998. trial use is closely linked to conditions in a

Wh Figure 4a * Use of electricity in Sweden 1970-1998
200
150
Industry
100
Transport
50
District heating, refineries Residential, commercial,

service sector efc.

Distribution losses

70 75 80 85 90 95 98
Wh Figure 4b e Use of electricity in Sweden by sectors
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commercial
etc.
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The Electricity Market

small number of important sectors: the pulp 1998). Total electricity use also includes the utilities. Six larger power companies together
and paper industry, for example, uses aboutosses associated with the transmission of elecproduced about 133 TWh, or 92 % of Swe-
40 % of all the electricity used in industry.  tricity, amounting to 10.7 TWh in 1998. den’s total electricity output, in 1998. The
Between 1970 and 1983, industrial output  Supplies to interruptible electric boilers are country’s two largest producers, Vattenfall
grew by 0.8 % per annum, with the averagealso included in the figures for total electri- and Sydkraft, together accounted for over
annual rate of increase of electricity use dur-city use. Until restructuring of the electricity 70 % of the total production.
ing the period amounting to 1.9 %. During the market in January 1996, they served as aregu- Most of Sweden’s electricity is produced
boom years of 1983-1989, industrial output lator for the system, being available only at by hydro power or nuclear power, as these
rose by 2.8 % per annum on average, and elecimes when adequate supplies of cheap elecsources have the lowest production costs at
tricity use by 4.3 %. However, during the sub- tricity were available. However, since restruc- present, but some is produced by more ex-
sequent recession years from 1990 to 1992furing, the power companies no longer dis- pensive forms such as combined heat and
industrial output fell by an average of about tinguish between such supplies and other suppower plants, oil-fired cold condensing plant,
4.5 % per annum, accompanied by a corresplies, whether to industry or to the residential gas turbines or wind power.
ponding average fall of 3.3 % per annum in and service sector, although supplies to elec- Combined heat and power plants produces
the use of electricity in industry. After 1992, tric boilers in district heating systems are still both electricity and heat simultaneously. It is
industrial output has risen again, with a re- identified. employed in industry, where the heat is used
sulting rise of about 1.1 % per annum in elec- for internal process requirements, and in dis-
tricity use. Electricity production trict heating plants, where the heat is gener-
Electricity is also used for transport — Electricity is produced in Sweden by power ally supplied to public district heating systems.
mainly railborne — (2.5 TWh in 1998) and for plants that may be owned by the State, by lo-

district heating and refineries (6.7 TWh in cal authorities, by industry or by commercial 0
TWh Figure 5a e Electricity production in Sweden 1970-1998
200
150
Hydro power & Windpower
100
50
Cold condensing Nuclear power
production Industrial combined heat and power Combined heat
and power
S—
70 75 80 85 90 95 98
Wh Figure 5b e Eleciricity production in Sweden by energy sources
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The Electricity Market

Oil-fired cold condensing power stations ; o o
, gp > GWh per week Figure 6 ® Sweden's electricity imports 1998
and gas turbines are used today primarily as 4

reserve capacity for use during years with low
precipitation and resulting low hydro power
production. The substantial expansion of nu-
clear power generation capacity since the be-
ginning of the 1970s has greatly reduced the 400
proportion of electricity supplied from oil. In
addition, the restructuring of the electricity Germany
market has resulted in several reserve power 300
stations being taken out of use for economic
reasons. During 1998, the installed capacity 200
of cold condensing oil-fired plant was reduced Finland
by 1 930 MW, leaving a total of 850 MW at =
the end of the year.

There are also about 420 wind power plants Denmark
in the country, with an installed capacity of
174 MW, but their contribution to the total
electricity balance is still very small (0.3 TWh
in 1998). 87 new wind power plants, with an ~ GWh per week Figure 7 ® Sweden's electricity exports 1998
average capacity of 600 kW, were installed 600
in Sweden in 1998, to provide an overall in-
crease in capacity of about 52 MW (42 %). 59

Figures 5a and 5b show the proportions of
output from different types of production plant
since 1970. In 1998, the country produced
154 TWh of electricity, of which 74 TWh
(48 %) were hydro power. Hydro power pro- 300
duction was higher than normal as 1998 was
a wet year. Nuclear power produced over
70 TWh or almost 46 % of production. To-
gether, hydro power and nuclear power pro-
vided over 93 % of the country’s total elec- 100
tricity supply, with combined heat and power Finland
plant producing 6 %.

100

Norway

jan mar may july sep nov

Germany

400

200

Norway

Denmark

jan mar may july sep nov
Trade in electricity

Electricity is traded between parties such as
producers, distributors and sales companies.
Not only is it bought and sold within Sweden,
but also with other countries to which there
are transmission links. Nord Pool, a Nordic ~ Trade in electricity between the countries ~ Sweden'’s total import of electricity in 1998
power exchange, which is jointly owned by varies from year to year, both in terms of quan-amounted to 6.1 TWh, which is a substantial
Statnett SF, the Norwegian grid operator, andtities and overall direction. Economic condi- drop from the 1997 import of 10.2 TWh. Most
Svenska Kraftnat, its counterpart in Sweden,tions affect the demand for electricity, and of this electricity was purchased from Nor-
has been operating for Norwegian and Swed-may not be the same in each country. Tradeway, followed by over 2 TWh from Denmark,
ish traders since 1996. Over the last threein electricity can then help to balance tempor-0.9 TWh from Finland and 0.1 TWh from
years, the number of parties in the market, andary national deficits or surpluses of electri- Germany.
the quantities of electricity traded, have in- city. However, the most significant influence  Total exports of electricity to neighbour-
creased substantially. on the overall directions of power flow is the ing countries in 1998 amounted to 16.8 TWh,

The changes in the electricity markets in amount of water, and thus of hydro power which is an increase of 3.9 TWh over the pre-
the three Nordic countries (Norway, Sweden production, in the Norwegian system, and to vious year. Sales to Denmark and Finland in-
and Finland) have opened up the countries’a considerable extent also the correspondingreased, while those to Norway fell. However,
grids to all parties, so that customers have beeiswedish conditions. In years with high pre- some of the power flows are simply transiting
able freely to select their suppliers — which in cipitation, Norway and Sweden are net export-flows between countries. In total, Sweden was
principle also includes those in other coun- ers of power to Denmark. During dry years, a net exporter of electricity in 1998, amount-
tries. Swedish producers are therefore able tahe flow of power is reversed, so that Den- ing to 10.7 TWh. Figures 6 and 7 show how
sell electricity directly to customers in Den- mark becomes a net exporter to Norway andthe power flows varied during the year.m
mark, Norway or Finland, while producers in Sweden, which means that the Danish power
those countries can also sell to customers irsystem provides reserve capacity for the Nor-
Sweden. dic electricity production system.

Source: Swedish Power Association.



Biofuels, Peat efc.

During 1998, use of biofuels, peat etc. amount- District heating plants Refuse has been used for district heating

ed to over 92 TWh. Fuels included in this cat-
egory, and mostly produced in Sweden, are:
* black liquors from pulp mills

A total of almost 26 TWh of indigenous fuels production since the 1970s, and now provides
were used in the district heating sector in 1998.about 5.0 TWh. Improved sorting at source
Of this, wood fuels accounted for 14.7 TWh, may reduce the potential quantity of domes-

» wood fuels (logs, bark, sawdust and energyunrefined tall oil and black liquors for tic refuse available for use as fuel, although

plantations)
 refuse
e peat, and
« straw and energy grasses.

They are used in four main areas:

« the forest products industry

« district heating plants

« the single-family house sector, and
« electricity production.

The forest products industry

1.6 TWh, refuse for 5.0 TWh, peat for at present the supply of combustible waste
3.1 TWh and other fuels for 1.3 TWh. exceeds capacity. There is potential within the
The use of wood fuels by the district heat- industrial sector for increasing the use of (pri-
ing sector has more than quadrupled sincemarily) salvaged wood fuels, which at present
1990. In 1998, use rose by 1.0 TWh or 7 %are not used for energy production. Some
relative to the previous year. The main form fuels of this type, such as refuse, salvaged tim-
of the fuels is felling waste and forest by-prod- ber, worn-out vehicle tyres etc., have been
ucts. However, processed fuels such as briimported in recent years, but the quantity is
quettes and pellets have also been increasingldlifficult to estimate.
used in recent years, as has tall oil (a residue The use of peat in 1998 amounted to
from pulp production), with total use from 3.1 TWh, which is 0.1 TWh less than during
these sources amounting to 3.7 TWh duringthe previous year. Production is dependent

The forest products industry uses much of itsthe year. on the weather, and can therefore vary from

by-products for process heat and electricity
production. Black liquors remaining after
chemical processing of wood to produce wood
pulp are burnt to recover chemicals.

Black liquors can be produced and used
only within the pulp industry, and provided
over 33 TWh of energy (excluding electricity
production) in 1998. Wood fuels in the form

of raw materials residues are used in both the 4

pulp industry and in sawmills. They consist
mainly of wood chips, bark and other waste

from the manufacturing processes. Use is also 30
made, although to a lesser extent, of wood

fuels produced by on-site forest chipping of
wood unsuited for other commercial purposes.

In 1998, the pulp industry used a total of
6.8 TWh of such materials for energy produc-
tion, while sawmills and other woodworking
industries used 9.6 TWh.

O

TWh Figure 8a ¢ Use of biofuels, peat efc. in industry 1980-1998
60
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™wh Figure 8b ¢ Use of biofuels, peat etc. in industry by types of fuel
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10

Biofuels, Peat efc.

yearto year. Production in 1998 amounted to mated as amounting to about 7—-9 TWh in family houses in 1998. Wood firing is com-
380 000 m, which was very much less than 1998. Imports account for about 35-40 % of monest among property-owners with good
the average for the 1990s, and only about 11 %the supply of biofuels for district heating access to forests, e.g. in agricultural or rural
of that for 1997. During good years, stocks plants. They are imported at prices which areareas. The use of processed biofuels (pellets
are built up for use in future years if less shouldbelow those on the home market, which meansand briquettes) is relatively low in this sector,

be produced. that they exert a certain price press on indi-amounting to 0.5 TWh in 1998.
Relatively restricted use has been made ofgenous biofuels. For some individual heating
energy crops such as energy forests and ernplants, imported fuels form a substantial part Electricity production

ergy grass since the beginning of the 1990sof their fuel supply. The potential of biofuels 3.8 TWh of biofuels were used for electric-
The use of straw as a fuel is also marginal.is considerable, both in terms of availability ity production. Of this, over 1 TWh was pro-
About 0.10 TWh of energy forest fuels were as a raw material and of their possible use induced from wood fuels in combined heat and
used during the year, complemented by lesseSweden and in neighbouring countries, andpower plants supplying district heating. Of
quantities of straw and energy grass. There isso an increasingly important trade in biomassthe remainder, 1.2 TWh were produced from
considerable potential for greater use, but thefuels could develop in the future. wood fuels in industrial combined heat and
area planted with such crops has decreased in power plant and 1.3 TWh from black lig-
recent years, covering only 14 500 hectare in The single-family house sector uors. The use of biofuels other than wood
1998. The main reason for this decrease is thafbout 11 TWh of wood fuels, mainly in the fuels and refuse for electricity production is
such land is being used for the cultivation of form of logs and chips, were used in single- marginal. ]
more profitable crops, such as cereals.

There has been a relatively extensive com-
mercial importation of biofuels during the
year, in the form of such as wood fuels, sal-
vaged wood, tall oil, crushed olive stones and ™h Figure 9a ¢ Use of biofuels, peat etc. in district heating 1980-1998
peat. Quantities are difficult to estimate, but
have increased in recent years, and are esti-
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Wh Figure 9b * Use of biofuels, peat efc. in district heating by types of fuel
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District Heating and District Cooling

District heating heat in Sweden in 1998. Of them, 163 wereboilers (1.8 TWh). Over 2 TWh of electricity

District heating is often defined as a public members of the Swedish District Heating were used to power the heat pumps, while a
heating system intended for supplying heat toAssociation, an organisation that representsfurther 1.8 TWh were used in the plants for
most buildings under contractual arrange- its members’ interests. 68 % of the companiespowering pumps, operating effluent treatment
ments between the supplier and the user. It isvere owned by local authorities, 13 % were plants etc.
produced in and supplied from hot water boiler privately owned, 10 % were owned by the = The change to other energy sources can
plants and combined heat and power stationsState and 9 % were operated as local authoritype partly explained by changes in the taxation
the latter producing heat and electricity simul- services. system applying to the energy sector, intended
taneously. Some of the district heating util-  The nominal connected load in 1998 to reduce the use of fossil fuels. Another rea-
ities also supply district cooling which, instead amounted to about 23.5 GW, supplied throughson is the good availability of electricity for
of delivering heat to buildings, removes it about 10 700 km of mains. During the year, several years, favouring the use of heat pumps
from them. There are also heating systems44.1 TWh of heat were supplied, equivalent and interruptible electric boilers. For many
which supply heat to, for example, only a to 45.4 TWh after correction for statistically years, electrical energy for use in these boil-
limited residential area, and these are knownaverage climatic conditions. 61 % of the heaters was exempt from tax. However, after re-
as group heating systems. They are generallyvas supplied to residential users, almost 30 %structuring of the electricity industry in 1996,
smaller than district heating systems, althoughto the service sector and almost 9 % to indus-there are no longer any special contracts or
some group heating systems are very large. try. regulations governing their use. Production

It was in the 1940s that local authorities A total energy input of 50.4 TWh, made from large heat pumps in district heating
began to look at district heating. Its use spreadup of 37.7 TWh from fuels and 12.7 TWh plants has been increasing slowly over the last
during the 1950s and 1960s as a result of thérom electric boilers, heat pumps and wastefew years, due to the fact that electricity prices
excellent opportunities presented by the ex-heat, was needed to supply this quantity ofhave been at the same level as fuel prices for
tensive investments in new housing and otherheat. In 1980, over 90 % of the fuel input for hot water boilers.
buildings that were being made during that district heating and CHP plants was in the  The high proportion of electricity as an
period. At the same time, there was also a subform of oil. Nowadays wood fuels, peat, refuse input energy source for district heating sys-

stantial need for modernisation or replacementetc. are the main energy sources for districttems has meant that losses have been reduced:

of boilers in the country’s existing building heating systems, accounting for 25.5 TWh, orconversion and distribution losses amounted
stock. Group heating systems expanded an@ver 50 %, of the total energy input in 1998. to 6.3 TWh, or 13 % of the total quantity of
were gradually linked up into larger systems, Other energy inputs included oil (5.5 TWh), district heat supplied. This can be compared
with a particularly substantial expansion of heat pumps (7.4 TWh), coal and blast furnacewith a value of about 20 % during the 1980s,
district heating over the period from 1975 to gases (3.4 TWh), natural gas and LPGwhen energy production was dominated by
1985. (3.3 TWh), waste heat (3.6 TWh) and electric oil. 0
District heating is most competitive in
areas of high building densities. High capital
costs for the mains network mean that it is
difficult for systems to be viable in lowdensity g
detached house areas, where the ratio of mains
length to kWh of heat supplied increases.
Until the beginning of the 1980s, most dis-
trict heating systems were operated as local
authority services. However, during the 1980s 40
and 1990s, most have been restructured as
limited companies owned by local authorities.

Figure 10a ® Use of district heating 1970-1998
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District Heating and District Cooling

TWh

District cooling
District cooling may its appearance in Vas-
terds in 1992, during which year about
1.2 GWh (0.001 TWh) of district cooling was
supplied through about 1 km of mains. Stock-
holm Energi started to supply district cooling
to central Stockholm in 1995, taking the cool-
ing from sea water in Lilla Vartan or from the
evaporators of its district heating heat pumps.

The principle of district cooling is similar
to that of district heating: cold water is pro-
duced in a large central plant and distributed
through pipes to customers. District cooling
is used primarily by offices and shops, al-
though also for the cooling of various indus-
trial processes.

The market for district cooling has ex-
panded strongly in the six years since its in-
troduction, caused by such factors as new
building regulations, the greater use of com-

puters, more awareness of the importance of

good working conditions, a relatively exten-
sive expansion of the distribution system and
the entry of new suppliers to the market.

In 1998, there were 16 producers of dis-
trict cooling, supplying a nominal load of al-

No. of subscribers ~ Figure 11 o District cooling supplied 1992-1998 GWh
400 200
300 150

District cooling supplied, GWh e

No. of subscribers
200 100

10 / 5
-

92 93 94 95 96 97 98

TWh Figure 12a ¢ Energy supplied to district heating 1970-1998

Natural gas incl. LPG

most 207 MW through over 60 km of mains, 50
and meeting a load of about 0.2 TWh
(180 GWh). Demand is expected to continue
to increase, in response to greater pressure for
comfort cooling and the replacement of ex-
isting individual refrigeration/air conditioning 30
plants by more environmentally sound alter-
natives. u 20
Electric boilers
10
Heat pumps
70
Figure 12b e Energy supplied to district heating by energy source
“0 oil Natural gas incl. LPG Coal, including blast furnance gas Biofuels, peat etc.
(Liquified Petroleum Gas)
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The Oil Market

Sweden used almost 17 millior? wf oil in Starting in 1997, data has been suppliedistics are now more accurate than they were

1998, which represents a reduction of 47 %directly by the oil companies to Statistics in 1995 and 1996. [ ]
since 1970. Since the oil crises of the 1970s,Sweden, which means that foreign trade stat-
it has been Swedish energy system policy to
reduce the country’s use of oil.
During 1998, the total import volume was

at the same value as during 1997. 39 % of the
total import volume of over 31 milliontwas Figure 13 e Swedish imports of crude oil and petroleum products,
imported from Norway. Miléign fonnes 1972-1998 by country of origin (million tonnes, net)

About 60 % of the country’s crude oil im-
ports in 1998 came from the North Sea and
8 % from Saudi Arabia. Sweden has been a
net exporter of refinery products since 1989:  ,,
exports in 1998 amounted to over
3 million m®, primarily to Denmark, Germany 15
and Poland.

The use of oil products in Sweden has de- g
clined rapidly, particularly since 1979. The
main reduction is in the use of fuel oils: de- 5
liveries of fuel oils in 1998, for example,
amounted to somewhat less than 7 millicgh m
which is a 67 % reduction since 1977. Fuel
oils have largely been replaced by electricity
and district heating for heating purposes, al- Milion m? Figure 14a ¢ Use of oil products 1970-1998
though the expansion of nuclear power pro- 40
duction and the country’s natural gas network
have also played a part.

Sweden’s entry into the European Union 3,
in 1995 has meant that Swedish foreign trade
statistics with EU countries are now collected
in a completely different manner than hith-
erto. The change also indirectly affects the 20
collection of statistics with non-EU countries,
and so data is not fully comparable with that
for earlier years.

25

Other countries

Other OPEC-countries North Sea

Saudi Arabia
72 75 80 85 90 95 98

10
Diesel oil
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Million 3 Figure 14b e Use of oil products by types of products
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The Coal Market

Coal played an important part in Sweden’s Australia each supplying over 25 %. Other production more than doubles. The total en-
energy supply up to the 1950s, when it lostcountries from which Sweden imported coal ergy input in the form of coal to the district
ground to the cheaper and more easily hanwere Russia, Venezuela, Canada and Estonieheating and CHP sector for heat and electri-
dled oil. The troubled oil market during the city production in 1998 amounted to 5.1 TWh.
1970s contributed to coal again becoming an  District heating and CHP production
interesting alternative fuel for reasons of price About 50 % of the coal was used in the dis- The use of coal in industry
and security of supply. trict heating sector. Coal is used for heat pro-Industry uses energy coal, coking coal, coke
The relatively low oil prices of recent duction in one local authority heating plant, and smaller quantities of other coal products
years, increasingly stringent environmental and for combined heat and electricity produc- such as graphite and pitch. In 1998, indus-
standards and rising taxation for heat produc-tion in a further eight plants, in which its main try’s use of energy coal amounted to 720 000
tion in particular have meant that the use ofuse is for electricity production. The plants tonnes, equivalent to 5.4 TWh, and represent-
coal has stagnated. In 1987, about 1.9 mil-that produced only heat used about 5 000ing a small increase over 1997. Industrial use
lion tonnes of coal were used for electricity tonnes, which was a substantial decrease comef coal has declined in recent years, from
and heat production, but by 1998 this had pared to the use of over 20 000 tonnes in 1997840 000 tonnes in 1991 to 720 000 tonnes in
fallen to about 0.7 million tonnes. However, In 1994, use had amounted to 118 000 tonnes1998, as a result of a switch to other fuels,
the structure of the tax system is such that coal Combined heat and power, CHP, stationsmainly oil and biofuels, which is partly due
is competitive with other fossil fuels for use used about 350 000 tonnes, or slightly lessto the carbon dioxide tax introduced in 1993.
in industry and for electricity production. than during the previous year, for heat pro- 1.7 million tonnes of coking coal were used,
Steady advances in combustion technologyduction. However, the use of 320 000 tonnesprimarily for coke production. 1.45 million
have matched increasingly stringent environ-of coal for electricity production in these tonnes of coke were used, which was about
mental requirements. power stations was over 10 % less than dur-the same as during the previous year. The total
Swedish imports of coal for energy pur- ing the previous year. The use of coal for elec-use of all forms of energy coal, coking coal
poses during 1998 amounted to 1.2 million tricity production is closely linked to hydro and imported coke was 3.4 million tonnes,
tonnes, which is a reduction of 25 % on the power production, which was higher than nor- which was 0.1 million tonnes less than in
previous year. Imports came from seven dif- mal during 1998. During extremely dry years, 1997. ]
ferent countries, with Poland, the USA and such as 1996, the use of coal for electricity

1000 fonnes Figure 15a ¢ Use of energy coal 1985-1998
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The Energy Gas Markets

Natural gas
Sweden'’s interest in natural gas was awaken-
ed by the oail crises of the 1970s, and its use
has gradually increased since its introduction ~ Geswork and coke works, losses efc. 3% Residential, commercial,
to Sweden in 1985, stabilising at the present Transport 1% service sector etc. 17%
level. Interest in natural gas has reawakened
as an alternative, primarily to oil and coal, as
a result of the restructuring of the Swedish
energy system. Eleciricity and
The gas comes from the Tyra field in the  heating plants 39%
Danish sector of the North Sea. After transit-
ing Denmark, a pipeline under Oresund brings Supply of natural gos: Industry 40%
the gas ashore at Klagshamn outside Malmo. 853 million m? of which
A 300 km trunk main extends from Trelleborg own use etc. amounted
in the south to Gothenburg. Vattenfall Natur- 13 million m?
gas AB is responsible for operation of the
trunk main and for importation of the gas to
southern and western Sweden. Sydgas AB is
responsible for the distribution system in
southern Sweden. Today, natural gas meets
about 20-25 % of energy requirements in mosttive to changes in energy taxation or fuel Town gas
of the areas to which it is supplied, or about prices. Nevertheless, for certain industrial Town gas is produced by cracking naphtha.
2 % of the country’s total energy supply. processes, such as where cleanliness of th8E Gas AB in Stockholm is nowadays the only
Imports of natural gas in 1998 amounted fuel and/or accurate temperature control areproducer of such gas in the country: the town
to 853 million ni, equivalent to about important, LPG has qualitative advantagesgas used in Malmo and Gothenburg nowadays
8.3 TWH, a decrease of less than 1 % from over many other industrial fuels. During 1998, consists of natural gas mixed with a small pro-
the previous year. It is supplied to about 255.0 TWh were used in industry and 0.6 TWh portion of air. Town gas is used for heating
towns and 55 000 consumers, made up of dn district heating. detached houses, larger properties and indus-
large number of industries and heating plants LPG is a petroleum product consisting of tries, as well as for cooking in restaurants and
and about 8-10 000 private customers. Apropane, propene, butane or mixtures thereofcatering establishments. 0.5 TWh of town gas
small amount of gas is also used as a motoit is usually stored in liquid form in rock cav- were used in 1998.
fuel and for heating greenhouses. Gas has prierns at low temperatures. Distribution is by
marily replaced oil in industry and CHP plants, rail tank car, road tanker or by direct pipe- Hydrogen
which accounted for 40 % and 39 % of Swed- lines. Its environmental characteristics are Pure hydrogen does not occur naturally, but
ish gas consumption respectively in 1998.  very similar to those of natural gas, with a must be produced from sources such as metha-
Natural gas is a combustible mixture of very low sulphur content and a complete ab-nol, LPG, natural gas or by electrolysis of

Figure 16 * Supply and use of natural gas by sectors in Sweden 1998

gaseous hydrocarbons, consisting mainly ofsence of heavy metals. water. Production of hydrogen is an energy-
methane, and — unlike coal and oil — is almost intensive process: to produce hydrogen with
completely free of sulphur and heavy metals. Biogas an energy content equivalent to 100 kWh re-

Combustion also produces no solid residuesBiogas consists of methane, formed by thequires about 125 kWh of electricity. The re-
such as ash or soot. As the gas contains hybreakdown of organic materials such as sew-mainder is converted to heat. Research is in
drogen as well as carbon, the quantity of car-age sludge, refuse or industrial waste, undemprogress, with the aim of improving produc-
bon dioxide produced by combustion is 25 % anaerobic (oxygen-free) conditions. The pro-tion technology and of developing effective
less than that produced by release of the sameess, known as digestion, occurs spontanemeans of storage. When hydrogen technology
amount of thermal energy from oil, or 40 % ously in nature, e.g. in marshes. Today, Swe-has been sufficiently developed, it will be
less than from corresponding combustion of den has about 100 biogas plants in operationpossible to use the existing natural gas net-
coal. most of them in sewage treatment plants andvork for transportation of hydrogen. Hydro-
landfill sites, producing digester gas and land-gen can also be used as a fuel in fuel cells,
LPG fill gas respectively. Most biogas is used where it is converted to electrical energy and
Imports of LPG to Sweden in 1998 amounted either for local or district heating, or for electri- heat.
to 759 000 tonnes, while 205 000 tonnes werecity production. In 1997, 58 GWh were used  Today, hydrogen is used as a fuel at sites
exported. 628 000 tonnes were supplied to thefor electricity production and 452 GWh for where it is also produced as part of an indus-
Swedish energy system, equivalent toheat production. Biogas can also be cleanedrial process. In 1998, Sweden produced
8.1 TWh, representing an increase of 6 % rela-and distributed via the natural gas network as133 000 tonnes of hydrogen, which were used
tive to the previous year. It is used mainly in ‘green natural gas'. Itis also used for powering internally by their respective industries. Akzo-
industry, as well as in the restaurant trade andrehicles: interest in the gas for this applica- Nobel operates four of the five largest indus-
for CHP and heat production, which meanstion has increased in recent years. Biogas igrial plants that produce surplus hydrogen. The
that much of its use is interchangeable with used primarily in local bus fleets and for ur- gas is used internally to produce hydrogen
that of oil and, to some extent, with that of ban distribution vehicles. Total production of peroxide, which is used for bleaching. =
biofuels. This means that it is therefore sensi-biogas in 1998 is estimated as about 1.5 TWh.

* In accordance with international practice, Statistics Sweden has used a revised value for the effective calorific vahabgds)aif 9.72 MWh/100¢ instead of 10.8 MWh/100C*m
since the fourth quarter of 1998.

THE SWEDISH ENERGY SYSTEM



Residential, Commercial, Service Sector efc.

WHLSAS AOY¥INT HSIAIMS JHI

In 1998, energy use in this section amountedon average to 14 300 dwelling units per year.in the form of mean annual efficiencies. The
to 155.7 TWh, or over 40 % of the country’s This can partly explain why energy use in the mean annual efficiences indicate how great a
total final energy use. This value is 0.2 TWh sector has not increased in recent years. Theroportion of the theoretical energy content
higher than that of the previous year. floor areas of commercial premises have in-of the energy carrier is actually utilised by the
About 86-87 % of the energy use in this creased substantially since 1970, thus accomeonsumer in the form of thermal energy. These
sector is used in space heating, domestic hopanied by an associated demand for heatingefficiencies allow for the aggregated effects
water production and the powering of domes-domestic hot water and electricity for build- of the combustion efficiency of the heating
tic appliances. Energy used in land use appli-ing services systems. system, heat losses, distribution losses and
cations accounts for about 5 % of total energy ~ Figures 18a and 18b show the growth of shortcomings in control and adjustment of the
use in the sector, while holiday homes accountemperature-corrected electricity use, classi-heating system. The mean annual efficiencies
for another 2 % and other service applicationsfied by electric heating, domestic electricity of electric heating and district heating are as-
for 6-7 % of total energy use. These latterand electricity for building services systems. sumed to be, on average, higher than the value
consist of energy use in the building sector,Use of electricity has grown uninterruptedly for oil, which means that replacing oil by elec-
street lighting, waterworks and sewage treat-from 1970 until the middle of the 1990s. In tric heating or district heating results in a re-

ment plants. recent years, this electricity use has amountediuction in final energy use.
Over 60 % of the energy use in the sectorto over 70 TWh. The number of small heat pumps in use
is accounted for by space heating and domes- has increased considerably in recent years,

tic hot water production. This is affected by Factors that offset greater use of energy  contributing to a reduction in the actual use
temperature conditions, which means thatSeveral factors have helped to offset increase@f energy for space heating and domestic hot
there can be considerable random variationsenergy use in the sector. On the heating frontwater production. Heat pumps abstract heat
in energy demand from one year to another.there has been a shift from oil to other energyfrom rock, earth, air or water and supply it to
To enable proper comparisons to be made, itarriers. In detached houses, the change hate building’s heating system. Heat pumps
is necessary to correct for climatic conditions. been mainly to the use of electric heating, can supply 80-90 % of the annual space heat-
1998 was 5 % warmer than a statistically aver-while in apartment buildings it has been to ing and domestic hot water requirements. Heat
age year, which meant that the amount of en-istrict heating. Both these changes have repumps normally supply 2-3 times as much
ergy used for space heating was lower thansulted in a reduction in energy use by thethermal energy as is used in the form of elec-
normal. After applying such correction, en- end-users through reduced conversion lossedrical energy for running the pumps and gen-
ergy use in the sector in 1998 amounted to  Different energy carriers exhibit differ- erated 3 TWh of heat in 1997.
159.2 TWh, representing a slight increase ofences in distribution and conversion losses in ~ Other factors that have helped to prevent
0.7 % relative to the figure for 1997. the process of final conversion to heat at thean increase in energy use for space heating
Figures 17a and 17b show a breakdown ofconsumers’ premises, which can be expressednd domestic hot water production in residen-
energy use in the sector, classified by types

of energy carrier. It can be seen that the tem- X X .
Figure 17a e Final energy use within the

perature-corrected value of total energy use . . : k .
. . residential, commercial, service sector etc. 1970-1998
has remained relatively constant from 1970 4, ! !

to 1998, although the relative proportions be- Total use, femperature-corrected
tween the different energy carriers have
changed. Oil crises, rising energy process,
changes in energy taxation and investment 150
programmes have all affected the move from
oil to other energy carriers. Total use of fossil
fuels in the sector in 1998 amounted to .
35 TWh, as opposed to 113 TWh in 1970.
Much of this reduction is due to a move from
the use of oil for heating to electricity and dis- Electricity
trict heating. 50
The number of dwelling units (single-
family houses and apartment buildings) in the
country has increased by about 30 % from
1970 to 1998. The rate of new building dur-
ing the 1990s has been very low, amounting

Biofuels, peat etc.
75 80 85 90 95 98

wh  Figure 17b © Final energy use within the residential, commercial, service sector etc. by categories of energy carrier
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Residential, Commercial, Service Sector efc.

tial buildings and commercial premises are houses are heated by oil alone, while 7 % haveefficient ones. In particular, new white goods
various types of energy conservation meas-district heating and 4 % are heated by wood.use less electricity than did old ones. The pro-
ures, such as retrofitting additional thermal  District heating is the commonest form of portion of total temperature-corrected electri-
insulation and upgrading of windows in older heating in apartment buildings, with approxi- city use accounted for by domestic electricity

buildings. mately 73 % of apartments being supplied by amounted to over 27 % in 1998.
The rate of increase of use of electricity it, equivalent to a use of almost 21 TWh of
for domestic purposes and operation of build- district heating. Oil is used as the sole or main Building services systems

ing services systems has been limited througheat source for 14 % of apartments, equiva-The use of electricity for building services sys-
greater use of equipment with higher energylent to 5 TWh of oil. The use of electric heat- tems has increased substantially since the
efficiencies. ing in apartment buildings is relatively low, 1970s, from 8.2 TWh to 24.2 TWh in 1998.
amounting to 2 TWh in 1997. The reasons for this increase include rapid
Heating The main source of heat in commercial growth in the service sector and greater use of
Of the 98 TWh that were used for space heat-premises, too, is district heating, with almost office machines. The high growth rate of pri-
ing and domestic hot water production in 56 % of them being supplied, equivalent to vate and public services has also resulted in a
1997, it is estimated that about 46 % were usecalmost 14 TWh of district heating. Electric relatively substantial increase in the total floor
in detached houses, 29 % in apartment build-heating of commercial premises accounted forarea of office premises. Lighting and ventila-
ings and 25 % in commercial premises. 5 TWh, which was also the amount of spacetion, which at the beginning of the 1990s ac-
The most common form of heating in de- heating and domestic hot water product en-counted for about 70 % of the use of electri-
tached houses is electric heating, being theergy supplied by oil. city for building services systems, have be-
main heating source in about 40 % of such come more efficient as a result of new and im-
dwellings. Approximately 26 % of detached Domestic electricity proved light sources, more sophisticated op-
houses have direct-acting electric heating,The use of electricity for domestic purposes erational control and correct sizing of systems
with the remaining 14 % having waterborne more than doubled between 1970 and 1998at the time of installation. Nevertheless, the
electric heating. The reason for this high pro-from 9.2 TWh to 19.1 TWh, due to an increase potential for further improvements in the effi-
portion of electric heating is that it is cheap to in the number of households and greater own-ciency of electricity use in commercial
install and simple to run. Figure 18 clearly ership of domestic appliances. However, con-premises is still regarded as considerable. Al-
shows how the use of electric heating has in-tinued improvement in the efficiency of such though companies constantly replace equip-
creased substantially in this sector from 1970appliances in terms of their electricity use of ment, which becomes steadily more efficient,
to 1990, with the increase being greatest uphas tended to offset this increase, as oldthere is also a trend towards greater numbers
to the first half of the 1980s. worn-out appliances are replaced by new, moreand increased power of items. [ ]
Another common heating system in de-
tached houses is electricity in combination
with wood and/or oil firing. The proportion of Figure 18a e Electricity use in the residential, commercial,
detached houses with such systems has grown ™h service sector etc. 1970-1998, temperatur-corrected
constantly, so that almost 30 % of detached
houses had such heating systems as their main
heat source in 1997.
In 1997, the total use of electricity in de-  ¢0
tached houses for heating purposes amounted
to 19 TWh. In detached houses with electric
heating in combination with some other en-
ergy carrier, the electric heating can easily be 40
replaced by the other energy carrier. This
means that such house heating systems are
relatively flexible, with the use of electricity
being determined by the relative prices of the
various energy carriers. Other households, not
having this ability quickly to change their en-
ergy carriers, are more vulnerable to changes
in the relative prices. About 8 % of detached 70 /2 80 85 L & o

Domestic electricity

Figure 18b e Electricity use in the residential, commercial,

TWh service sector efc. by application, termperatur-corrected
Electricity heating Domestic electricity Electricity for
building services systems
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Industry

In 1998, industry’s use of energy increased mechanical engineering industry, although nottotal energy use, as the recession tended to hit
by 0.3 TWh over the previous year, amount- regarded as energy-intensive, nevertheless adhe electricity-intensive sectors harder.
ing to 150.4 TWh, equivalent to 38 % of the counts for almost 8 % of energy use inindus- 1993, however, was marked by some re-

country’s final energy use. try as a result of its high proportion of total covery in industrial output, and was followed
Classified by energy source/carrier, this industrial output in Sweden. by a substantial rise in 1994 and 1995. Out-
consisted of 21.2 TWh of oil products, put volume in 1998 increased by over 43 %
15.6 TWh of coal and coke and 53.7 TWh of The relationship relative to 1992, while energy use by almost
electricity. Supplies of natural gas amounted  between output and energy use 12 %. During the same period, the use of elec-

to 3.7 TWh, and those of district heating to Energy use in industry essentially follows the tricity increased by almost 4 TWh, or over
4.9 TWh. The use of biomass fuels, peat etc.variations in industrial output. In the short 8 %.
amounted to 51.3 TWh, of which over 40 TWh term, it is output volume that determines in-
were in the pulp industry, mainly in the form dustry’s use of energy: in the longer term, Changes in oil and electricity use
of black liquors, manufacturing waste etc. total energy use is also affected by changes irDver a longer time perspective there has been
Black liquors, which are a by-product of the types of goods produced, technical devel-a clear redistribution between the use of dif-
chemical pulp manufacture, are burned to re-opments, taxes and energy prices. ferent forms of energy, particularly in respect
cover process chemicals and release energy. Between 1990 and 1992, industrial output of a move from oil to electricity, as shown in
Final energy use in industry during the year fell by 6 %, accompanied by a fall of 5% in Figures 19a and 19b. Despite rising industrial
therefore consisted of 27 % fossil energy andenergy use. Electricity use in the sector alsooutput, the use of oil has fallen substantially
34 % biomass fuels, peat etc., with the restfell, but by 6 %, i.e. by more than the fall in since 1970, resulting from the greater use of
being in the form of electricity and district
heating.

In Sweden, a relatively small number of
sectors accounts for the bulk of energy use. ™ Figure 19a e Final energy use in industry 1970-1998
The pulp and paper industry uses about 45 %,
the iron and steel industry about 14 % and the
chemical industry 7 %. Together, these three
energy-intensive sectors account for two- 150

thirds of total energy use in industry. The Oil products
Production index
0 (1990=100) Natural gas / /
AN g

District heating Electricty
District heating
50
Biofuels, peat efc.
Coal and coke
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Wh Figure 19b ¢ Final energy use in industry, by energy carriers
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Industry

electricity and improvements in the efficiency

of energy use. This trend started in connec- )

tion with the oil crises of the 1970s, resulting k\(/)vz/ LU AT
in intensive work by both State and business

aimed at reducing the use of oil. In 1970, elec-

tricity use constituted only 21 % of industry’s

total energy use, which can be compared with Pulp and paper indusiry

Figure 20a ® Specific use of oil in industry
1970-1998, 1991 price levels

the present proportion of 36 %. At the same ¢4
time, the use of oil has fallen from 48 % to

14 % in terms of industry’s energy use. Be-
tween 1970 and 1998, the proportion of bio-
fuels, peat etc., has increased from somewhat
over 21 % to 34 % of total energy use in the 02

Iron and steel industry

Industry total

sector. This change from oil to electricity and _ Chemicl industry

other fuels has meant that energy use in the

—

sector has fallen, partly because electrical en-
ergy often has a considerably higher efficiency

than oil for the majority of applications, and ~ 0.0

partly because the conversion losses associ-

ated with electricity production, that were pre-

viously booked to the industrial sector, are

now booked to the electricity production sec-

tor. kWh/SEK of production value
Between 1992 and 1998, the use of oil 04

products has increased by 4 TWh, or 22 %.

Several factors have contributed to this in-

75 80

Mechanical engineering M

——

85

90

Figure 20b ¢ Specific use of electricity in industry
1970-1998, 1991 price levels

98

crease: higher output, lower energy and car- 03

bon dioxide taxes and greater use of oil as a

replacement for interruptible electric boilers. .
Pulp and paper industry

Changes in specific energy use

Comparison of energy use in industry with fron and steelindustry

the value of output provides an indicator of
the efficiency of energy use and of changes

Chemical indusiry

in sector structure and production processes. 4
Energy input per SEK of output value, i.e.
specific energy use, has fallen continuously

Industry fotal

Mechanical engineering industry

since 1970. Between 1970 and 1998, there was
a reduction of 42 %, which shows a clear trend 70 75 80
towards less energy intensive products and
production processes, together with changes

85

90

95

in the types of industries and products. Dur-
ing this period, industrial output has increased
by 79 %.

The change from oil to other energy car-
riers, particularly electricity, is reflected in
specific use of oil and of electricity per unit
of output value. Specific use of oil fell by 80 %
between 1970 and 1992, while specific use of
electricity increased by 27 %.

The recent upturn in the economy, coupled
with changes in industry’s energy taxation
structure, is reflected in changes in specific
energy use, which continues to fall. Between
1992 and 1998 it fell by 22 %. During the
same period, the specific use of oil fell by
15 %, while specific use of electricity fell by
25 %. This recent substantial fall in specific
electricity use has been the result primarily of
a major increase in mechanical engineering
industry output, coupled with almost un-
changed electricity use. [ ]
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Figure 21 ¢ Use of oil and electricity in industry 1955-1998

Use of electricity, TWh

1998 (136) 1990 (100)

1980083 1075185 1973 (83)
[ ] & -

|
1970 (76)

-
1965 (60)

u
1960 [42)

1955 (32)

Figures in brackets are
the industrial output index,

1990=100 Use of oil, TWh

0 10 20 30 40 50 60 70

98

80

THE SWEDISH ENERGY SYSTEM

19



WHLSAS AO¥INT HSIAIMS JHI

20

Transport

Energy use for domestic (internal) transport by water. Internal freight transport by road de- Alternative motor fuels
in 1998 amounted to 88.7 TWh, or over 22 % clined by over 1 % during 1998, while freight Motor alcohols, natural gas, biogases, vege-
of the country’s total final domestic energy transport by Swedish trucks in other countriestable oils, hydrogen and various types of elec-
use. Foreign maritime transport used increased by 9 %. Passenger transport by raitric vehicles offer alternatives to the use of
18.6 TWh of bunker oils. increased during the year, although goodsconventional fuels, and generally have less
Energy use in the transport sector is almosttransport by rail fell during the same period. harmful environmental effects. Today, about
entirely in the form of oil products, primarily The environmental effect of traffic and its 300 buses are running on ethanol, with the
as petrol and diesel fuel. In 1998, the countryuse of oil could be reduced if various meas-largest fleet being in Stockholm. About 200
used 47 TWh of petrol and 28 TWh of diesel ures were introduced, such as stricter emis-buses and 300 passenger cars are running on
fuel, together making up 70 % of total energy sion controls, higher fuel prices, environmen- natural gas, mainly along the west coast, i.e.
use in the transport sector. tal levies, the introduction of alternative fuels where natural gas is available. About another
After the very substantial increase in the and integration of the built environment and 100 buses and 350 passenger cars are running
use of energy for internal transport at the endinfrastructural planning. Over the last few on biogas, mainly in Link&ping, Uppsala and
of the 1980s, a drop of 4 % occurred in 1990.years, the introduction of catalysers has sub-Trollhattan. In addition, there are about a score
Between 1990 and 1994, energy use in thestantially reduced the emission of several haz-of mixed fuel buses and 300 Flexible Fuel
domestic transport sector varied widely. Dur- ardous substances. However, carbon dioxideVehicles in use elsewhere, complementing
ing 1994, domestic demand increased andemissions cannot be reduced in this way, whichalmost 800 electric vehicles, made up of over
business began to expand again, resulting irmeans that they have continued to increase im00 cars, about 350 commercial vehicles and
an increase in energy use of almost 3 % in thestep with greater use of fossil fuels. 16 buses.
transport sector. This trend continued in 1995, The European automotive industry  The costs of producing most of these alter-
with a further increase of 1 %, and remained (ACEA) has entered into a voluntary agree- native fuels are at present considerably higher
unchanged in 1996. Domestic energy use in-ment with the EU Commission to reduce car- than the costs of supplying equivalent quanti-
creased by almost 2 % in 1998, while foreign bon dioxide emissions from new passengerties of petrol or diesel fuel. However, this cost
maritime transport increased its energy de-cars by 25 % by 2008, relative to the 1995 differential may fall as the technology is de-
mand by 20 % relative to 1997. level. In addition, the EU has decided to veloped and as environmental levies are ap-
The consumption of petrol fell by 2.1 % introduce cleaner petrol and diesel fuels, plied. There are many research projects in
from 1997 to 1998, from 48.6 TWh to which will be done in two stages, in 2000 and progress, concerned with such aspects as pro-
47.3 TWh, which was due partly to a reduc- 2005. During 1998, the EU Commission pre- duction methods, vehicle technologies, envir-
tion in average fuel consumption and to ansented a strategy document concerning the inenmental and health effects, market introduc-
increase in the proportion of diesel cars. troduction of equitable traffic charges tions and so on. ]
throughout the Union.
Traffic and the environment
The use of oil products in the transport sector
increased during the 1970s and 1980s as a, Figure 22a ¢ Final energy use in the transport sector 1970-1998
result of increased traffic. The number of 25
passengerkilometres travelled rose by 54 %
between 1970 and 1997. Private cars provide
77 % of passenger transport. Expressed as 100
tonne-kilometres, internal freight transport in-
creased by 52 % between 1970 and 1997, with
55 % being by road, 31 % by rail and 14% 75
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Figure 22b e Final energy use in the transport sector, by energy carriers
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Taxes and Prices

The use of energy has been taxed in Swethat are sold or used for heating purposes ardieved from tax from July 2000. Since No-
den since the 1950s. Originally, the objective subject to both energy tax and carbon dioxidevember 1998, electricity used in electric boil-
was to finance the State’s public spending re-tax. Fuels that are used for electricity produc-ers with a rating of more than 2 MW has been
quirements, while in later years the emphasistion are exempt from energy and carbon di-taxed during the winter. The special real es-
changed to the need to control the use of enoxide taxes: instead, these taxes are levied afate tax on hydro power production was re-
ergy in order to achieve national energy andthe point of use. Special rules apply for sim- pealed on 1st January 1999.
environmental policy objectives. ultaneous production of heat and electricity =~ Nuclear power is taxed at 2.2 6re/kWh. The

The environmental element of taxation was in CHP/back-pressure power stations. Bio- budget Bill for 2000 proposes that this should
given greater importance at the beginning offuels are untaxed for all users, although peatbe increased to 2.7 6re/kWh. In addition, the
the 1990s. Energy supplies were broughtis subject to a sulphur tax, as shown in TableBill proposes to raise the tax on electricity by
within the scope of value-added tax in 1990, 1. Tall oil, too, has been within the remit of 1 6re/kwh. Another Bill proposes that the tax
while some of the general energy tax was con-energy and carbon dioxide taxation since 1ston diesel fuel should be increased, and that
verted into a carbon dioxide tax in the fol- January 1999. All energy taxes are at presenbn heavy fuel oil should also be changed. In
lowing year. A sulphur tax on fuels was also under review, with the aim of creating a more addition, it is proposed that the present dif-

introduced in the same year, followed a little consistent energy taxation system. ferential taxation of LPG, methane and na-
later by an emission levy on oxides of nitro- tural gas, depending on whether they are used
gen. Energy and electricity production taxes as motor fuels or for other purposes, should

Energy and environmental taxes in the pre-Energy tax is levied on electricity and all be removed. An EU Directive, necessitating
sent tax system distinguish between types offuels other than biofuels and peat, althoughcertain adjustments in the existing environ-
users and between types of energy carriersindustry and greenhouse horticulture havemental classification system for petrol and
Energy carriers that contain at least 5% of been exempt from energy tax since 1993. Itisdiesel fuels and their associated taxes, is
gaseous or liquid hydrocarbons by weight andproposed that agriculture should also be re- 0

Table 1 ¢ General energy and environmental taxes as at 1 st January 1999, excluding valve-added tax

General Carbon Sulphur Total Tax,
energy tax dioxide tax tax tax ore/kWh

Gas oil SEK/m

Environmental class 3 (< 0.1 % sulphur) 736 1049 - 1785 18.1
Heavy fuel oil, SEK/m (0.4 % sulphur) 736 1049 108 1893 175
Coal, SEK/tonne (0.5 % sulphur) 313 912 150 1375 18.2
LPG, SEK/tonne 144 1102 - 1246 9.7
Natural gas, SEK/1 0005m 239 785 - 1024 10.5
Peat, SEK/tonne (0.24 % sulphur) - - 40 40 15
Petrol, leaded, SEK/litre 4.23 0.85 - 5.08
Petrol, unleaded, SEK/litre

Environmental class 2 3.58 0.85 - 4.43

Environmental class 3 3.65 0.85 - 45
Diesel, SEK/litre

Environmental class 1 1.61 1.049 - 2.65

Environmental class 2 1.82 1.049 - 2.87

Environmental class 3 2.12 1.049 - 3.17
Electricity,

Northern Sweden, dére/kWh 9.5 - - 9.5 9.5
Electricity,

Rest of Sweden, 6re/kWh 15.1 - - 15.1 15.1
Electricity, district heating,

Northern Sweden, 6re/kWh 11.8 - - 11.8 11.8
Electricity, district heating,

Rest of Sweden, 6re/kWh 15.1 - - 15.1 15.1

A table defining the various environmental classes is included in the tables apReadiy in Swederfacts and figures.
* Carbon dioxide tax is levied at a rate of about 36.5 6re/kg of carbon dioxide emfgsilqpetrol sold in Sweden today is in environmental class 2.

Table 2 ¢ Industrial energy and environmental taxes as at 1 January 1999, excluding valve-added tax

General Carbon Sulphur Total Tax,
energy tax dioxide tax tax tax ore/kWh
Gas oil, SEK/m 0 525 - 525 5.3
Heavy fuel oil, SEK/mh 0 525 108 633 5.8
Coal, SEK/ton 0 456 150 606 8.0
LPG, SEK/ton 0 551 - 551 4.3

Natural gas, SEK/1 000°m 0 393 - 393 4.0
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Taxes and Prices

being introduced The decision will be made sulphur in oil. An environmental levy on the the prices of a number of fuels and electric
in December, and it is expected that the Bill emission of oxides of nitrogen (NOwas  heating between 1990 and 1998. The prices
will come into force on 1st January 2000. introduced in 1992, at the rate of SEK 40/kg for crude oil and coal are world market prices,
of NO, emissions from boilers, gas turbines while those for gas oil and unleaded petrol
Environmental taxes and stationary combustion plant. From 1stare average end-user prices (excluding tax)
A carbon dioxide tax was introduced in 1991, January 1997, the N@vy has applied to in Sweden. Biomass fuels are represented by
applicable to all fuels except biofuels and peat.plant with an annual energy production of 25 the price of forest fuel (the main biofuel),
Fuels for electricity production are exempted GWh or more. The system is neutral relative which is an average price for forest chips and
from the tax. to the national budget, as payments are in proby-products as paid by heating plants and in-
From 1993 and until 1st July 1997, indus- portion to the amount of energy produced anddustry.
try paid only 25 % of the carbon dioxide tax the levels of emission. Repayments are made Until the middle of the 1980s, it was
payable by other users. Since 1997, industryto operators of plant with the lowest emissions, mainly increases in oil prices that caused the
has paid 50 % of the carbon dioxide tax rate.while those with the highest emissions are netrise in energy prices, while since then it is

Present tax rates are shown in Tables 1 and Zayers. mainly rises in taxation that have increasingly
A sulphur tax was also introduced in 1991, determined prices. ]
and amounts at present to SEK 30/kg of sul- Prices

phur emission on coal and peat and to SEKThe market prices of fuels, electricity and dis-
27In¥ for each tenth of a percent by weight of trict heating vary with time. Table 3 shows

Table 3 e Fuel prices and domestic electricity prices in Sweden,excluding taxes and value-added tax. Current prices

1990 1991 1992 1993 1994 1995 1996 1997 1998

Crude oil, $/barrel 20.50 16.56 17.21 14.93 14.75 16.10 18.50 18.12 12.16
Gas oil, SEK/m 2 146 2131 1790 2207 2 004 2 205 2603 1759 1457
Heavy fuel oil, SEK/rh 1702 1535 1316 1652 1525 1525 1526 1014 853
Petrol, unleaded, SEK/litre 2.23 2.19 2.06 2.23 2.10 2.02 2.10 2.25 2.01
Coal, SEK/tonne 358 366 307 309 317 336 340 367 372
Forest fuels, SEK/fn 92.70 93.50 95.10 87.05 81.40 79.80 82.22 81.8 87.9
Electric heating, 6re/kWh 31.5 36.1 37.9 40.0 39.7 40.7 43.60 45.2 45.0

Note: The tabular version @hergy in Sweden shows the consumer price index from 1970 to 1998, enabling the prices shown to be converted to fixed prices.
1A table defining the various environmental classes is included in the tables appendix Energy in Sweden; facts aAd figugices of electric heating also include value-added tax.

ére/kWh Figure 23 © Current energy prices in Sweden inclusive taxes' 1970-1998
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World Energy Resources and Energy Use

Ioba!ly, world energy supply. IS Figure 24 ¢ World oil reserves 1998 (billion barrels)

dominated by fossil fuels, which

account for about 80 % of the China 24 Europe 20.7
world’s total energy supply. Oil is the most ~ Asias ' Former USSR 65.4
important energy source, and its rate of use is  Australasia excl China 19.1
stillincreasing at about 2 % per year. The sec-  Africa 75.4
ond most important energy source is coal: its . .

L . Latin America 89.5

use, too, is increasing, at about 1 % per year. Middle East 673.7

However, it is natural gas of which consump-
tion is increasing most rapidly, at about  \orh America 85.1
2-3 % per year, and it is expected that it will
become the second most important fuel in
meeting the world’s energy supply. Hydro and
nuclear power account for about2% and 7 % o4l 1052.9 billion barrels
respectively.

Much of the world’s energy requirements
are still met by individual supplies of wood
and other forms of biomass. The statistical
details are very unreliable, and estimates vary,

but a current view is that traditional energy o P
carriers such as wood, charcoal etc. are prob- / f\\
ably the world’s largest individual energy  11p
source outside the OECD countries and the \\
former Soviet Union. 100
\ ——— ROW N
IS/CEE

Resources and reserves 90 ) S/C
Proven resources of fossil fuels — primarily \ <
oil, coal and natural gas — are estimates of the 80
guantities that can be viably extracted with \

70 \

Figure 25 ¢ Energy intensity (energy use/BNP) for the
groups of countries. Index 1975 = 100 for each group

present economic and technical conditions.
Expressed in relation to present rates of con-
sumption, they amount to: 60 1975
e 218 years’ production of coal

e 41 years’ production of oil

* 63 years’ production of natural gas.

1980 1985 1990 1995 2000 2005 2010

bilise. Price controls in the former Soviet The OECD countries comprise the industrialised
The proven reserves consist of the known, dis-Union have been removed on coal, crude oil market economy countries of Western Europe and
covered and developed fract_ion of the earth’sand oil products, \.Nith the result that domestic g:(;t:lﬁ?;? '\ltlosglztgzr (\;V\;g:/v ilaﬁrlpgﬁ;veffgg:s
total resources. They can be increased by addprices of crude oil, lighter products and nat- — central/Eastern Europe) are those previously hav-
itional prospecting or by rising prices, which uralgas have almost reached world market ing centrally planned economies.
means that new and more expensive methodprice levels. In some cases, such as for petrol, ROW = Rest of World.
of recovery become viable. prices have even risen above world market
levels. Exports to the industrialised countries

Energy supplies and international trade ~ have largely been maintained. Figure 25 illustrates how energy use tends
Non-OECD countries hold a significant part to develop in relation to economic growth. It
of world energy supplies and reserves, and Energy use shows specific energy use per unit of GNP
have been able to export their surpluses to theSince 1990, total world energy use has risen(‘energy intensity’) for three groups of coun-
industrialised countries. Over the last two dec-|ess rapidly than it did during the 1980s. Then, tries, illustrating historical development since
ades, this surplus has fallen from 70 % to 30 %the average rate of increase was 2.6 % per ant975 and a forecast until 2010.
of production. The industrialised countries num: now, during the 1990s, the average rate  The fact that energy use firstincreases and
import almost half of their oil requirements of increase has fallen to 0.9 % per annum, al-then decreases in relation to economic growth
but are, as a group, almost self-sufficient in though demand increased during 1994-96 byis a typical feature of the development of an
coal and gas. However, their import require- 2—3 % per year. However, after this, the rateagricultural society towards an industrial so-
ments for oil are expected to increase over theof increase again fell, so that total energy useciety and, in due course, to a post-industrial
next 15 years. Production in North America during 1998 actually declined by 0.1 %. Dur- service society. This process probably pro-
is falling, but Europe is expected to be able toing the year, energy use in North America in- vides a partial explanation for the trends that
reduce its imports of oil by increasing output creased by 0.1 %, while falling by 0.2 % in can be seen for the various groups of coun-
from the North Sea, after which dependencethe European Union and by 0.3 % in the tries at different stages of development. The
on imports is expected to increase. former Soviet Union. However, this latter fall figure does not include the substantial use of

Developments in the former Eastern bloc is a relatively small one in relation to those of biomass in the ‘Other Countries’ category: if
countries have been dramatic during the firstprevious years. Energy use continues to risdt was included, energy intensity could be as-
half of the 1990s, with both production and steadily in the developing countries, due pri- sumed to increase by a third.
use of energy carriers falling substantially. marily to population growth, urbanisation and
However, the situation is now starting to sta- industrialisation. O
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World Energy Resources and Energy Use
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In the case of the former Soviet Union, en- In the shorter term, it is expected that the prob-their proportion of the total fuels base is ex-
ergy use per unit of GNP is highly inefficient. lems of adjusting to changed circumstancespected to remain the same, while the propor-
However, the fact that energy prices have in-will continue to reduce energy use and thetion of energy demand met by nuclear power
creased, and are now more or less up to worlgroduction of (in particular) oil and coal. In is expected to decline.
market prices, should bring about improve- the longer term, more stable economic and Non-OPEC oil production is expected to
ments. Itis assumed that improvements in thepolitical situations (if achieved) can result in increase from about 40 million barrels/day at
efficiency of energy use will continue in improved efficiency of energy use and higher present to 45 million barrels/day by 2010.
China, eastern Asia and Latin America, while production of coal, gas and oil. OPEC'’s daily output could rise to about
the Middle East and southern Asia are ex- World demand for oil is expected to in- 50 million barrels/day in 2010, which would
pected to develop in the opposite direction. crease from about 70 million barrels/day in mean that over 50 % of world oil supply would
Energy intensity in the Middle East nearly 1995 to between 90 and 100 million barrels/ still be from the OPEC countries.
tripled between 1975 and 1993, while that of day by 2010. This increase is expected to be Forecasts of energy use are very sensitive
the OECD countries fell be 21 % over the higher than over the last 20 years due to in-to the assumptions made in respect of growth
same period. Some of the differences can bereased demand for transport in the OECDof the world economy, as well as to prices of
explained by the fact that the two regions arecountries, the lack of any viable alternative fuels and that of oil in particular. Growing

at different stages of development. energy sources in other sectors and rapid ecoeconomies use more energy. Despite the ef-
nomic growth in other parts of the world. A forts of some industrialised countries to en-
Forecasts growing world demand for natural gas can alsocourage the use of biomass fuels, carbon di-

World energy demand is expected to continuebe expected, due mainly to greater use of ga®xide emissions will probably continue to in-
to increase up to 2010, at which time fossil for electricity production. The use of solid crease in the future with the increasing use of
fuels are expected still to be providing fuels is also expected to increase, althoughfossil fuels. ]
80-90 % of energy requirements. Energy use

in the OECD countries is expected to increase

Somewhat’ but the major increase is expected Mtoe Figure 26a Tohl WOrId commerciul energy use 1960-1998
to occur in non- OECD countries such as Asia '

and the Pacific Rim. In these countries, use
will increase as a result of strong economic
growth and industrial expansion, high popu-
lation growth and urbanisation, coupled with
amove away from non-commercial fuels such 449
as wood fuels to fossil fuels. It is expected
that the world proportion of energy use by the
non-OECD countries will increase, while that 4000
of the OECD countries will decrease from
about 55 % to below 50 %.

The future is more difficult to foresee for 2000
the former planned economy countries, and
particularly those of the former Soviet Union.

8000

Natural gas
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Mios Figure 26b ¢ Total world commercial energy use, by energy carriers
4000

Crude oil Natural gas Coal Nuclear power
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4000

Hydro power

Note: The nuclear power contribution has been calculated using the international
method, which includes the energy conversion losses in the process.
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The Electricity Market

Greater competition
The electricity industry is at present undergo-  ,wh
ing massive changes in many parts of the 30000
world in terms of new market conditions, new
technology and greater environmental pres-

Figure 27 o Specific electricity use per inhabitant, 1997,
with breakdown by power source

. 25000 ——
sures. Northern Europe, and the Nordic coun- ] .
o . Fossil power
tries in particular, are at the forefront of these ]
changes. 20000 Nuclear power
The electricity markets in Sweden, Norway = Hydro power

and Finland have been restructured, with com- ;5,,+ | —
petition in both production and sales. The ef-
fect of the European Union Directive on the —
electricity market (apart from the UK, where 10000~ = = = =

the market is already restructured) will be —
gradually to open the market to competition. 5009

The first stage came into effect in February [ |
1999, and meant that about 25 % of each coun- ]

try’s electricity market was opened to com- Norway Canada Finland Japan Belgium France  United Kingdom OECD tofal
petition. The Directive also impinged on other Iceland Sweden USA Switzerland ~ Denmark Germany EU total

European countries, and particularly on thoseNote. The diagram does not show imports and exports of electricity, but they are shown in the tabular version of this rep
that have applied for EU membership. Sev-

eral non-EU countries have already decided

to introduce restruction, or are at an advanced

stage of planning. Import and export of electricity have pre- gy-intensive products. If we remove the elec-

There is also a similar development in viously been clear concepts that could be dedricity demand of these electricity-intensive
other countries, such as in South America,fined in national perspectives. However, asindustries from the statistics, i.e. if we replace
South-east Asia and the Pacific rim countries.the large companies expand across nationathe electricity that they use by the amount of
Restructuring has started in the USA, with borders, it becomes less meaningful to talk ofelectricity that is average for industry as a
Callifornia being the first state to introduce it, hational electricity markets. The large com- whole, then the specific electricity use per
in 1998. panies buy and sell electricity in many coun- inhabitant is reduced by about 15 %. Canada,

Restructuring of the electricity markets in- tries other than their original homelands, andNorway and Finland also have high propor-
volves a change from national monopolies, the trend is towards a common market in tions of energy-intensive industries, and each
with central planning, to markets driven by which electricity will be produced wherever of them exports a high proportion of the prod-
competition. Electricity becomes an energy it is most physically and economically appro- ucts of these industries.
raw material that can be traded and suppliedpriate. Sweden is one of the world’s countries that
across national borders. has a high proportion of hydro and nuclear

Some of the most high-profile changes in Electricity use varies between countries power in its electricity production. Only Ice-
the electricity market that have occurred in Electricity use per inhabitant in Sweden is land, Switzerland, Norway and Canada have
recent years include the take-overs of elec-relatively high compared with that of other higher proportions of hydro power: France and
tricity companies in the Nordic countries. The countries. In 1997, Sweden was in fourth placeBelgium have higher proportions of nuclear
largest Nordic power utilities are making stra- after Norway, Iceland and Canada. Electricity power. In international terms, the proportion
tegic investments in the Nordic countries anduse in the USA was about 20 % less than inof electricity in Sweden based on fossil fuels
in the rest of Europe, as are companies in otheBweden. Among the industrialised Europeanis small, amounting to about 4.5 % in 1997.
countries such as the German PreussenElektreountries, such as Germany, France and thén the EU member states as a whole, over half
and the French EDF, both of whom are in- UK, electricity use per inhabitant was about of electricity production is based on fossil fu-
vesting in the Nordic countries. half that in Sweden. els and only 13 % on hydro power etc.

The companies’ strategic purchases of A feature common to all countries with Total electricity production in the Euro-
each other will result in greater concentration high electricity use per inhabitant is that they pean Union amounts to about two-thirds of
of ownership; part of a process that will see have had plentiful supplies of cheap hydro thatin the USA. At the same time, the USA’s
many electrical utilities expanding from na- power. In addition, the relatively cold climate production constitutes rather less than half of
tional to European companies, in the samein these countries has meant that there haghe total production of the OECD countries.
way as has occurred in many other sectorsheen a substantial use of electricity for heat-Electricity production in Sweden accounts for
There is also a trend away from single-producting. In Sweden, it has been other natural re-somewhat less than 2 % of OECD produc-
electricity utilities towards more integrated sources, such as the forests and iron ore, thdion, and 6 % of EU production. [ |
energy companies. have resulted in industry specialising in ener-

ort.
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The Oil, Coal and Natural Gas Markets

During 1998, the average price of Dubai oil Figure 28  Current (nominal) and

fell from US$ 18 per barrel to just oVer g /qg real price of light crude oil 1970-1998
US$ 12 per barrel. The crisis in Asia had an 40

adverse effect on demand, with the result that

the price of oil dropped rapidly at the begin-

ning of 1998. The OPEC countries’ difficul- /\
ties in maintaining their production ceilings
meant that the price of oil remained low

throughout the year, even continuing to fall
at the end of the year. The average price of ,, =N

crude during 1998 was US$ 12 per barrel.
Over production within OPEC, a reduced

demand from Asia and a mild winter in the r—\\
northern hemisphere contributed to a supply 10

surplus, which forced down the price. In ad- \/\/\—/_\
dition, the UN allowed Iraq to double its ex- Sale price relative fo the \-

port of oil, which further increased the sur- World Bank’s export price index

plus. In March 1999, the OPEC countries
reached agreement on production ceilings.
This had an immediate effect on the price of
oil, which rose steeply. During the first half

of 1999, prices have risen by more than 100 %.

Current prices

70 75 80 85 90 95 98

Oil production

Production methods for crude oil have become
more efficient. Advanced computer methods tributed to a reduced demand for oil. The eco-million barrels per day. Since then, it has pro-
have made it simpler to prospect for oil and homic position in Asia improved during 1999, gressively increased in step with the with-
to bring oil wells on line. New technology has S0 that demand is now almost back to normaldrawal of UN sanctions and an improvement
also made it possible to extract more oil from levels again. in the efficiency of oil recovery. In 1998, pro-
each well. The overall effect has been to re- Future total demand for oil will depend duction exceeded 1.5 million barrels per day,
duce the cost for recovering the oil and thuslargely on developments in the countries af-and had risen to 2.5 million barrels per day
to increase the potential for lower future fected by the Asian crisis and on its knock-on during the first half of 1999. Itis in Irag’s in-
prices. effects. It will also be affected by political de- terest to produce more oil, as it can use the

Between 1990 and 1998, world oil produc- velopments in the region and by weather con-resulting revenues to repair its damaged eco-
tion increased by 11 %, amounting to over ditions in the rest of the world. nomy, which means that production is ex-
73 million barrels per day in 1998, with the pected to continue to increase in the future.
OPEC member countries supplying about Two subdued markets...
40 % of total production. The whole of 1998 A contributory reason why there has not been Coal
was marked by disagreement and difficultiesan even greater drop in prices over the lastAbout half of all the coal that is mined is used
in keeping to planned oil quotas among thedecade has been the break-up of the Sovieas fuel, which means that coal accounts for
OPEC member countries. In March 1999, theyUnion. In the 1980s, the USSR produced overalmost one-third of the world’s energy sup-
reached agreement on reducing the agreed2 million barrels per day, equivalent to 20 % ply. In this context, we are considering rela-
production quota to about 23 million barrels of world output. Production halved after the tively high-value black coal, and disregard-
a day, representing a reduction of 1.7 million break-up of the Union, falling in 1998 to ing the low calorific value brown coal. Coal
barrels per day in comparison with earlier somewhat over 7 million barrels per day, or is divided traditionally into two categories:
agreements. In addition, a number of non-about 10 % of world output. Russian exports coking or metallurgical coal, which is suit-
OPEC oil-producing countries promised to of oil have been controlled by a combination able for use in the iron and steel industry, and
reduce their production by 0.4 million barrels of licences and quotas, although these havesteam coal (also referred to as energy coal).
per day. These cutbacks have not been entirelgradually been relaxed in recent years. The
fulfilled, but nevertheless have managed tosame applies for the price ceilings for oil:

maintain the price of oil at a high level after domestic prices have risen to world market OPEC - the Organisation of Petroleum Exporting
Countries —was founded in 1960 as a counter to the

the OPEC meeting in March 1999. price Ieve_l; ) ) ) major oil companies and the influence on the market
The crisis in Irag, and the resulting disap- exerted by their home countries. The organisation
The demand for oil pearance of the country from world markets, has 13 member states: Saudi Arabia, Iran, Kuwait,

L . . . Iraq, the United Arab Emirates, Qatar, Libya, Alge-
The demand for oil in Asia fell during 1998 has affected the oil market. In 1990, Iraq pro- i, ‘Nigeria, Gabon, Equador, Venezuela and Indo-

as a result of the economic crisis in the regionduced about 2.2 million barrels per day, nesia. Important oil-exporting countries that are not

. uivalent to 3.3 % of world output. Immedi- members of OPEC, but which at time have worked
ar_]d adYerse exchange rate.s, although the mil¢q P together with OPEC, include Mexico and Norway.
winter in the northern hemisphere also con-ately after the Gulf War, output fell to 0.3



The Oil, Coal and Natural Gas Markets

Estimates put the amount of coal and
brown coal in the earth’s crust at about
11 000x10 tonnes, although only a smaller

fraction of this — about 1 000x1@onnes — L‘;’c';ﬁfﬁ,"mi‘;'ﬁ’;gkz Ceniral- and South America 43
can be recovered. If production continues at
the present rate of 3 432 million tonnes/year,
proven and economically recoverable reserves
would last for 218 years. The largest acces- ,
OECD 1 450

Figure 29 ¢ World production of coal 1997 (million tonnes)
Former USSR 306

sible reserves of black coal are in Russia, the .. 1767
Ukraine, China and the USA, while the larg-

est reserves of brown coal are in Russia, the
USA, Eastern Europe and Australia. /

World coal output in 1998 was less than
in 1997. The largest producers of coal are
China and the USA: China produced about  Total 3796 million fonnes
28 % of total world output and the USA pro-
duced 26 %. Production in the former Soviet
Union has been falling for several years, so
that today it produces only a little more than
8 % of total world production.

Africa 229

Figure 30 ® The major exporters of steam coal 1997 (million tonnes)

South Afrika 58.6

. . . Australia 68.2

Total world trade in coal in 1997 increased
by 5.8 %, to 507 million tonnes. Australia,
the USA and South Africa were the largest
exporting countries. Coal production in Eur- Others 20.7 .

. . . I . Indonesia 37.6

ope is still declining, while imports are in-
creasing. Poland’s exports are rising slowly, Canada 6.4
after a reduction during the 1980s and the ST
beginning of the 1990s. Russia and other East- China 26.1 -
ern European countries increased their exports
during 1997. The four largest exporting coun- Colombia 25.3 Poland 20.3

tries, accounting for over half of world trade

in coal, are Australia, South Africa, the USA  Total world export 309 million tonnes
and Indonesia. Since the middle of the 1980s,

the entire coal industry has been suffering

from surplus capacity, which has resulted in

a fall in the price of coal. However, in 1995, would last for about 63 years at the presentsupply, there is therefore European interest in
the price of coal rose relatively substantially rate of use. In the short term, supplies are exa natural gas pipe from Russia to the rest of
compared to 1994. In 1996, the price of coalpected to be uncertain in relation to demandEurope via the Nordic countries. Sweden
was US$ 51.50 per tonne, i.e. unchanged fromas a result of economic developments in thetherefore plays a central role in the extension
the price that was established in 1995. Byformer Soviet Union. However, in the longer of a natural gas system in the Nordic coun-
1997/98, the price of coal had fallen from US$ term, large quantities of gas may becometries and the rest of Europe.

46 per tonne to US$ 32 per tonne. However,available from Russia. Two studies of a Nordic gas pipe, connect-
during the first half of 1999, the price re- There has been a growing interest in na-ing the Russian gas network with the West-
sponded to the rising price of oil and began totural gas on the European market in recentern European network, have been carried out.

Former USSR 17.0

move upwards. years, based on reduced emissions of envirThe objective of the first of these, the Nordic
onmentally hazardous substances relative tdGas Grid, is to create an integrated natural gas

The natural gas market that from other fossil fuels, a more reliable network between Denmark, Sweden and Fin-

In Sweden, natural gas is a new, and as yeand more diversified supply of gas and im- land, and to provide a reliable supply of na-
marginal, energy source, meeting less thanproved utilisation of resources. tural gas from Russia and the Baltic countries

2 % of the country's total energy require-  February 1998 saw the issue of the EU’sin the east to the European states in the west.
ments. In the Nordic countries as a whole, thisNatural Gas Market Directive, with the aim The study indicates a good potential market
proportion rises to about 11 % of primary en- of increasing competition on the European for natural gas in Sweden.
ergy supplies, while almost a quarter of en- natural gas market. The directive must be in-  The objective of the second project, North
ergy supplies in the European Union and aboutcorporated in national legislation by August Trans Gas, is to build a gas pipe from Russia
a fifth of supplies in the world as a whole are 2000. It will be implemented in stages, with to north-western Europe via Finland. From
met by natural gas. at least 20 % of the market being open to com-Finland, the pipe would run either via the
During the last decade, supplies of naturalpetition in 2000. Baltic or via Sweden. Nine countries partici-
gas to the EU countries have increasingly been The European natural gas market is in apated in the project: Russia, Finland, Sweden,
based on production in the North Sea and im-state of flux. A substantial growth in demand Denmark, the Baltic states, Poland and Ger-
ports from Russia and Algeria. The natural is forecast within the European Union, accom-many. The project is under the management
gas used in Sweden comes from the North Segpanied by a reduction in gas production, re-of North Trans Gas OY, a Finnish company
The world’s natural gas reserves are sub-sulting in a greater dependence on imports.established in 1997 and owned by the Finn-
stantial: in 1997, the commercially viable re- With the objective of creating a competitive ish Neste OY and the Russian Gazprom.
serves amounted to 144 00081, which  market and also of establishing security of

THE INTERNATIONAL ENERGY SYSTEM

27



Energy and the Environment

NOILVNLIS TVINTIWNOUYIANG JH1

are major sources of damage to Global environmental problems are those thatSince the beginning of the 1970s, acidifica-

the human and natural environ- have the same effect on the world’s environ-tion has been one of the environmental prob-
ment. Examples range from the ecological ment, irrespective of where the emissionslems to which the most attention has been
effects of the construction of hydro power originate. This common dependence meangaid. As the ability of the ground and water
schemes through oil spills from tankers to ve-that the problems cannot be unilaterally solvedto neutralize acidity is less in Scandinavia than
hicle exhaust emissions. Although Sweden hasat national, regional or continental levels, butin most other parts of Europe, it was the
taken significant steps to counter these mecharequire international efforts. Other aspects, Scandinavian countries that first suffered from
nisms, by such means as the imposition ofsuch as the close relationship between ecoacidification, with the result that it was long
statutory regulations, taxation and encourage-nomic development and environmental prob- regarded as an essentially Scandinavian prob-
ment of the development of low-pollution lems, or between national and internationallem. Sweden is badly affected, with about

T he production and use of energy Global environmental problems Acidification

technology, much still remains to be done. development, also play their parts. 20 % of its lakes and much of its forests in
The negative effects on the environment  Global environmental problems include the southern part of the country suffering ser-
can be classified into three levels: the depletion of the ozone layer in the strato-ious acidification damage. In many areas,
* local sphere and possible effects on the earth’s cli-drinking water in wells has also been affected
* regional, or mate caused by anthropogenic emissions oby acidification. Together with other air pollu-
* global. greenhouse gases, i.e. emissions resultingants, and in combination with extreme
from human activities. weather conditions, acidification contributes

Local environmental problems
Examples of local environmental problems in-
clude fallout of dust from power production
processes, vehicle exhausts, smog and the
emission of carcinogenic substances from Figure 31a ® Emissions of sulphur dioxide (SO,) in Sweden 1980-1997
small-scale wood firing etc. As problems of 1000 fonnes/year
this type generally have an immediate effect
on their surroundings and are easy to detect,
it is natural that steps have often been taken 500
at an early stage to counter them.

400

Regional environmental problems
Regional environmental problems include
acidification of the ground and water. This 300
particular problem has been considerably
more difficult to identify, as the damage that  9gg
it causes becomes apparent only after a longer Combustion of coal and coke
time, akin to the fatigue of metals. This has
resulted in countermeasures intended to deal '®
with such problems being applied only at later Other solidfuels
stages, in many cases when the damage has
already been done.

Other transport

Combustion of oil and gas

Road traffic

Industry processes

80 85 87 89 90 91 92 93 94 95 96 97

1000 fonnes/year Figure 31b © Emissions of sulphur dioxide (SO,) in Sweden, by emission sources
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to a reduction in the vitality of the country’s In 1980, over 17 % of sulphur precipita- burg and Bohuslén account for about 15 % of

forests. One of the effects of acidification of tion in Sweden originated from domestic both sulphur and NOimmission. In rural

the ground is increased corrosion of watersources. By 1997, this figure had been reducedireas of northern Sweden, local sources are

pipes and the release of substances such as about 10 % (see Figure 33a). The countriegesponsible for even lower levels.

aluminium and heavy metals. from which about 20 % of today’s precipita- Looking at emissions throughout Europe,
The main source of this acidification is sul- tion in Sweden comes are primarily Germany it can be noted that the countries that emit the

phur dioxide, emissions of which come pri- and Poland. As far as precipitation of N®  most sulphur dioxide are Germany, Russia,

marily from the combustion of fossil fuels, concerned, about 19 % at present originateshe UK and Poland: fossil fuels are the major

such as coal and oil. Other contributory fac- from domestic sources: again, it is Germany,energy source in these countries. In total, sul-

tors in acidification are emissions of oxides with 11 %, the UK, with 10 %, and Denmark, phur emissions in Europe have decreased by

of nitrogen — primarily from motor vehicles — with 7 %, which are the largest contributors almost 50 % since 1980. Most of the NO

and ammonia from agriculture. Modern for- to the rest. However, the proportion of NO emissions in western Europe are from petrol

estry itself also contributes to the problem, originating from domestic sources varies from and diesel vehicles: in central Europe and the

with its clear felling and removal of biomass, one part of the country to another. In central former Soviet Union, however, the major con-

resulting in a deterioration of the quality of Stockholm, for example, local emissions ac- tribution is from combustion of coal. In 1995,

the soil. In Sweden, the major sources of sul-count for between 30 and 40 % of sulphur total emissions of NOn Europe as a whole

phur dioxide are industrial processes, the comimmissions and about 50 % of N@nmis-

bustion of oil and gas and the transport sec-sions, while the local emissions in Gothen- 0

tor. The Swedish Parliament has set an object-

ive for the reduction of sulphur emissions by

80 % by 2000, relative to 1980 emission

levels. This objective has already been achiev-

ed, with emissions having been reduced by Figure 32a * Emissions of oxides of nitrogen
more than 80 %. 1000 fonnes/year (expressed as NO,) in Sweden 1980-1997

o 500
As far as emissions of N@re concerned,

almost 80 % comes from the transport sector.
Sweden'’s objective has been to reduce emis-
sions to 30 % of their 1980 level by 1995.
However, between 1980 and 1995, emissions
were reduced by only 21 %. Examples of ad-
ministrative guide measures to achieve this
objective are maximum permissible sulphur Road traffic
contents in light fuel oils and requirements or 5,
guidelines in respect of maximum emissions

of sulphur and nitrogen from fossil-fuelled

400

300

combustion plant. Financial policy measures g Other transport
include the NQlevy on combustion plant. Combustion of coal and coke Other solid fuels Combustion o ol and gas
Industry processes

80 87 88 89 90 91 92 93 94 95 96 97

1000 fonesyear Figure 32b ¢ Emissions of oxides of nitrogen (expressed as NO,) in Sweden, by emission sources
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Mtonnes

had been reduced by over 9 % relative to 1980.

Several European countries have undertakenfigure 33a ¢ Deposition of oxides of sulphur in Sweden 1997 from various sources (%)

to reduce their NOemissions so that their Sweden 9.7
1995 emissions would not exceed their 1987

L. Other 61.8
emissions. Germany 117

As most of the acidified precipitation in
Sweden comes from other countries, Sweden
can do little to influence the situation by do-

. . ) Poland 9.2
mestic measures. International cooperation
and coordination of policy measures are there- - Total deposition:
fore essential if acidification problems areto 174 300 tonnes United Kinadom 7.6
ni ingdom /.

be solved. The substantial costs associated sulphur
with measures attempting to deal with these
problems also mean that it is most important
that available resources should be properly
utilised, i.e. that effective energy and envir-
onmental policy instruments are employed.  Figure 33b e Deposition of oxides of nitrogen in Sweden 1997 from various sources (%)

An important step in the work of reducing
acidifying emissions was taken when a new Sweden 19.1
sulphur protocol was produced by the UN
Economic Commission for Europe (ECE) in
1994. Under the terms of the protocol, sev-
eral European countries have undertaken to
reduce their SQemissions by between 30 % _ Germanylll
and 80 % by 2010, relative to 1980 levels. As
mentioned above, Sweden has already passed Total deposition:
this target. Other countries, such as the UK, 133 400 tonnes
Poland and Russia, have so far reduced their nitrogen
emissions by between 40 % and 65 %. The United Kingdom 9.9
protocol came into force on 5th August 1998,
and is legally binding as it has now been rati-
fied by a sufficient number of states.

The European Commission has continued
to work on the project, and produced a draft
acidification strategy in the spring of 1997. It
includes a number of measures intended to
reduce the emissions of acidifying substances 75
in Europe. One of the most important elements
is the setting of national limits for emissions
of three key pollutants; sulphur dioxide, ni- Combustion in indusiry and industrial processes
trogen dioxide and ammonia. These limits
have been set such that the difference between
the actual emission levels and the critical load
limits, i.e. what the environment can stand, 5
will be reduced by 50 % for each country.

Other 55.1

Poland 4.8

Mionnes  Figure 34a © Emissions of carbon dioxide (CO,) in Sweden 1980, 1987-1997
100

Transport

Residential, commercial, service sector etc.

Combustion in electricity, gas and heating plants
80" 87 88 89 90 91 92 93 94 95 96 97

1 Because of revised emission factors it has not been possible to divide the emissions on sectors.

Figure 34b e Emissions of carbon dioxide (CO,) in Sweden, by sources

Combustion of industry Transport Residential, commercial, Combustion in eleciricity,
and industrial processes service sector etc. gas and heating plants
30
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The greenhouse effect mainly as a result of greater efficiency of en-
Carbon dioxide is one of the greenhouse gasesrgy use and the switch from oil to nuclear
in the earth’s atmosphere. These gases are rggower for electricity production. Between
sponsible for the natural greenhouse effect, 1990 and 1997, carbon dioxide emissions
by which the atmosphere maintains a balancgrom the energy sector have increased by Country
between insolation to the earth’s surface andabout 3 %. Emissions from industry and the

Table 4 ¢ Changes in sulphur emissions
in a number of European countries

1997 emission
relative to 1980, %

outward radiation from the surface. Over the transport sector have increased by 3% and Austria -86
last 150 years, anthropogenic activities have4 % respectively, while those from electricity = Swedeh -82
increased the concentration of carbon diox-and district heating production have increased Finland -83
ide and other climate gases by atmospheridy 8 % over the same period. Emissions from Norway -78
emissions, thus increasing the natural greenthe residential and service sectors, on the other France -70
house effect. The problem has been identifiedhand, have decreased by 7 % over the period. Denmark -76
and discussed in recent years. In 1992, the Swedish Parliament formulated G€rmany -54

OECD countries emit over half of the to- its objectives for carbon dioxide emissions by gcr)lll;cinlngdom 23

tal global carbon dioxide emissions. In turn, stating that they should be stabilised at 1990
the USA is responsible for by far the greatestlevels by 2000 in accordance with the Climate

amount; almost half of the total OECD emis- Convention, and should thereafter be further *Source: Statistics Sweden.

. : o o Sources: EMEP.
sions. Other countries with high emissions in- reduced .

clude Japan, Germany and the UK. In terms
of highest specific emissions per inhabitant,
we find Luxembourg in top place, but with
the USA, Canada and Australia following
after. These countries also have relatively high
emissions in relation to their GNPs (see Fig- Mg‘(’)””es/ye"'
ures 37a and 37h).
Sweden contributes a few parts per thou-

Figure 35a ® Emissions of sulphur dioxides (SO,) in Europe 1980-1997

sand to the world’s emission of carbon diox- 30
ide, and its specific emissions per inhabitant
are below the average for both the OECD
countries and for the European Union. Ag- German Democratic Republic
gregated emissions from the energy sector PR Germany?
have fallen by 30 % between 1980 and 1997, L Russian Federation®
United Kingdom
2 Poland
10
Spain? Italy4

1 Bill no. 1992/93:179.

2 West Germany until 1989.

3 The part included in EMEP’s calculations. 80 85 8 87 88 8 90 9] 92
4 No data available for 1996 and 1997.

Mionnes/year Figure 35b  Emissions of sulphur dioxide (SO,) in Europe, by countries

Germany? German Democratic Republic Ukraine

Other

93 94 95 96 97

Russian Federation3

80 85 90 95 9% 97 80 8 90 95 9 97 80 8 90 95 96 97 80
4
United Kingdom Poland Spain* Italy*

85 90 95 96 97
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International cooperation meeting between the parties to the Convenimplementation, by which the Annex 1 coun-

In December 1990, the UN General Assem-tion, held in Kyoto in December 1997, started tries can carry out projects in a third country
bly decided to start discussions on an outlinewith the parties relatively far from each other. intended to reduce that country’s emissions,
Convention on Climate Changes, and it wasHowever, after intensive negotiations, a proto- but be credited themselves with the emissions.
signed at the UN Conference on the Environ-col was agreed, regulating not only the emis-There is also a mechanism, known as the
ment and Development in Rio in 1992. The sions of carbon dioxide but also those of five Clean Development Mechanism (CDM), by
Convention came into force in 1994, when it other climate gases. which the Annex 1 countries and other coun-
had been ratified by a sufficiently large  The agreement includes specified reduc-tries can cooperate in much the same way as
number of countries. The Swedish Parliamenttions for all the Annex 1 countries, i.e. the in joint implementation projects, but with the
ratified the Convention in 1993, at which time OECD countries and the previous Easterndifference that such projects must not only
it also adopted guidelines for Swedish climate states. The EU, for example must reduce itsreduce emissions but also help non-Annex 1
policy® emissions by 8 %, the USA by 7 % and Japancountries along the road to sustainable devel-

One of the contents of the Convention is by 6 %, relative to emission levels in 1990 opment. A considerable amount of work re-
that, in summary, it requires all industrial and expressed as an average over the perioghains to be done in determining the final form
countries to formulate programmes for limit- 2008-2012. of these flexible mechanisms. For the proto-
ing effects on climate and to prepare meas- The protocol includes flexible mechanisms col to come into force, it must be ratified by
ures to reduce the emissions of greenhouséo facilitate more cost-efficient reductions. at least 55 countries, responsible for at least
gases. In addition, it states that countries musfThese mechanisms take the form of emissiorb5 % of the aggregated emissions from the
maintain and increase means for the absorptrading, under which the Annex 1 countries Annex 1 countries in 1990. It is hoped that
tion and retention of greenhouse gases, butan trade their emission rights, and of joint most of the remaining problems can be re-
does not contain any binding commitments
in respect of limitations of emissions. In add-
ition, the industrialised countries must regu- Figure 36a * Emissions of oxides of nitrogen
larly submit detailed information in the form ~ Mionnes/year (expressed as NO,) in Europe 1980-1997
of national reports to the UN concerning the
steps that they are taking to achieve this ob-
jective®

At the meeting of the parties in Berlin in
1995, it was noted that work to date on redu-
cing the emission of greenhouse gases wasin- s
adequate, and a process was started to pro-
duce a legally binding document. The third

German Democratic Republic

Russian Federation?

United Kingdom

* West Germany until 1989.

2 The part included in EMEP’s calculations.
®No data available for 1996 and 1997.

“No data available for 1997. Other
®Bill no. 1992/93:179.

® Sweden published its second national report on climate
change in the spring of 1997 (Ds 1997:26).

80 85 8 8 88 8 9 91 92 93 94 95 96 97

Figure 36b e Emissions of oxides of nitrogen (expressed as NO,) in Europe, by countries

Mtonnes/year

Germany' German Democratic Republic France* Russian Federation?

4

g

No data

2 N BN | available for 97

i = =E = = = = i HE E E E B S B B B E =B
80 85 90 95 9% 97 80 85 90 95 9% 97 80 8 90 95 9 97 80 85 90 95 9% 97
United Kingdom Poland Spain? ltaly?

4

3

i I .

i H H EH EH EH BE H B T | i B = =

No data No data
3 available available

80 8 90 95 96 97 80 8 90 95 96 97 80 85 90 95 96 97 80 8 9 95 96 97



Energy and the Environment

solved at the sixth party conference, to be heldries is poorer than is the case within the EU.markets. The Electricity Market Directive was
in the autumn of 2000. When they become members of the EU, theyadopted at the end of 1996, and the Natural
will have to tighten up their environmental Gas Directive in February 1998, both with the

Climate problems and the EU requirements in order to comply with the EU aim of improving operation of their respect-

During the Kyoto negotiations, the EU acted rules. This cannot, of course, be done over-ive markets under the aegis of common rules

as a single group, with the result that, at thenight but, in the longer perspective of a few in all member states. Implementation of the

end, the EU states undertook jointly to reduceyears, will improve the environmental situ- directives is being phased in progressively, at

their emissions by 8 %. Since then, they haveation in Europe. different rates in the various member states,

reached agreement on the internal breakdown The question of renewable energy sourceswhich means that it will be some time before

of this aggregate reduction, with some coun-is being approached within the EU in a numberthe single market for electricity and natural

tries reducing their emissions by up to 21 % of ways. Several programmes are being opergas is fully developed. [ ]

while others are allowed (to a certain extent) ated with the aim of supporting the develop-

to increase their emissions. Under the termsment of renewable energy sources and increas-

of the agreement, Sweden is allowed to in-ing the proportion of energy supplied by them.

crease its emissions by 4 % by 2010, relativeThe EU Commission has also published a

to the 1990 level.Norway may increase its White Paper on renewable energy sources.

emissions by 1 %, while Denmark needs to  The EU has published directives concern-. ; most contexts, 2010 is taken as representative of the

reduce its by 21 %. Finland will stabilise its ing both the electricity and the natural gas average for the period 2008-2012.

emissions at its 1990 level. In addition to im-

plementing national measures, the EU states

may also employ common actions in order to

reduce their carbon dioxide emissions. In the

same way as for the Annex 1 countries, the 1,0

Figure 37a e Emissions of carbon dioxide (CO,)
per inhabitant and BNP in EU and OECD-countries, 1997

actual formulation and application of the flex- :(]%ggagg)’ BNP
ible mechanisms will have a considerable ef- Greece Australia  USA
fect on how the EU states achieve the agree- Canada
ment emission reductions. Portugal ! New Zealand OECD Total
o Belgium Luxembourg
Other current problem areas within EU 05 Unied K |n. The Netherlryl
o o ' Spain Finland
Much work is in progress within the EU that P " Heu Denmark
will either directly or indirectly affect the en- E il Germany
. rance
ergy and environmental sectors. The planned Sweden [ N Irland
eastward expansion, for example, will have a Switzerland " NOrWaY | JI"PZ“
very considerable effect on both these areas. Auc;?: Tonnes CO, per inhabitant
In general, the environmental standards and 0 5 10 15 2‘0

performance of the Eastern European coun-

Figure 37b e Emissions of carbon dioxide (CO,) per inhabitant in EU and OECD-countries, 1997
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A Glossary of Energy Terms

Alternating current (AC) Cracking Energy carrier
Electric current in which the direction of flow Chemical modification of heavy hydrocarbons A substance, material or service used to carry
of the electrons is constantly reversing. in petroleum to lighter hydrocarbons. energy, e.g. water, air, electricity, battery cells,
Automotive petrol Crude ol or fuels such as coal, crude oil, logs etc.
Petrol intended for use in spark ignition internal Petroleum from oil wells that has not been pro- Rational use of energy
combustion engines. cessed other than the possible removal of disdMaking the best use of energy supplied to a sys-
Biofuels solved ggses and soliQs, and which is in trarlls-tem.

- . port or being stored or is used as a raw material .
Fuels consisting of biomass. Energy conversion
Biogas Degree of energy utilisation A process that converts one form of energy to

The relationship between the amount of (electri- another form.
cal) energy actually produced and that which is
theoretically possible over a given period of time.

Gas produced from biomass as the raw material
e.g. by fermentation. Energy crops

. Crops grown for use as energy raw materials.
Biomass Psg oy

Material of biological origin, and which has not
been processed, or processed to only a very limit:
ed extent.

Diesel engine

Internal combustion engine of piston type, in
‘which the heat of compression is sufficient to
ignite the combustible mixture of fuel and air.

Energy forest
Trees or bushes grown for use as energy raw
materials.

Blast furnace gas . . _ Diesel fuel Energy _sav_ing N
Flammable gas c0n§|st|ng of a mixture of nitro- light oil for use in diesel engines. Reduction in th? use of energy by refraining from
gen, carbon monoxide and hydrogen, produced the use of services etc.

by the reduction of iron ore in a blast furnace. Digester gas, sludge gas E
Flammable gas formed by anaerobic bacterialENergy system .
Brown coal action on biological material. A system of plant, equipment etc. that meets a

Combustible solid containing about 70-75 % by need for energy, e.g. for a house, a factory or a

weight of carbon. Brown coal can be likened to Digestion town.

compacted peat, and is at an early stage in th&ontrolled biodegradation of organic substances
conversion to coal under anaerobic conditions, by which the sub- Energy use

stances are transformed without air change inUtilisation of electrical energy, heat or some
Carbon dioxide, CO, water-filled pores and in which evil-smelling are other form of energy.
Carbon dioxide, CQis a gaseous oxide of car- produced, such as hydrocarbons, ammonia,gghanol
bon, formed by complete combustion of sub- nydrogen sulphide etc.

stances containing carbon, e.g. hydrocarbons. Ethyl alcohol, normally produced by fermenta-

Direct current (DC) tion of sugar or some other biomass.
Chemical energy Electric current of which the electron flow is al- Exergy
Energy released or absorbed when the bonds beways in the same direction, e.g. from a battery. ¢, . part of a quantity of energy in some par-
tween atoms or molecules are changed. . . . )

Direct electric heating ticular form that can be completely converted
Codl Electric heating that supplies heat to the heatednto work. The terms energy and exergy describe
Combustible rock-like substance with a high con- area without intervening heat storage or heat carthe suitability of a form of energy for energy con-
tent of carbon. Coal is an intermediate stage inrier other than air. version. The less the proportion of exergy, the
the geo.logical conversion from brown coal to District heating greater the amount of energy that is lost as heat.
anthracite. The provision of a public heating supply, deliv- Fossil fuel
Cold condensing power station ered by means of hot water in supply and returnFuel formed from biological materials during

A power plant that produces only electricity, pipes. After supplying heat to a building’s own earlier geological periods, e.g. coal and petro-
using a steam turbine cycle. Efficiency is 35— space heating and domestic hot water heating systeum.
45 %: the remainder of the thermal energy in thetem, the cooled district heating water is pumped

. i ) Fuel
fuel is removed by the cooling water to the sea, back for reheating. . .
lake. iver or atmosphere A substance containing substances having chem-
' P ’ Efficiency ically or otherwise bound energy that can be uti-
Coke A measure of how efficiently a power station or lised for conversion to heat or other form of en-

The solid residue from the pyrolysis of coal. ~ heating plant works. It indicates that proportion ergy.
of the energy in the fuel or input that is con-

Coke oven gas ) verted to useful electricity and/or heat. Fuel cell ) ) .
Flammable gas produced by the coking of coal. A cell for direct conversion of chemical energy
Coking olant Electrical energy to electrical energy.
oking plan _ Energy released or absorbed when electrons .
Plant for the production of coke and the clean- .\ through a solid, a liquid, a gas o avacuum Fuel oil . N .
ing of coke oven gas. Combustible oil intended for oil burners, con-
Energy sisting of low or high viscosity or semi-solid mix-

Combined heat and power plant - A measure of work performed in a given time: yre of hydrocarbons, produced from crude oil
A power plant that produces both electricity and heat, the product of power and time. Energy is ex- by distillation or cracking.
supplying the heat to a district heating system. pressed in watt-hours (Wh).
Conversion losses Gasification

) , Energy balance . The conversion of solid materials, e.g. coal or
Energy loss in a conversion plant or process, re- The balance of energy supp“ed and energypeat toa gaseous form. with or without chem-

sulting from the less than 100 % efficiency of  ;geq. ical change of the substances involved

the process. 2 A presentation of energy supplied and energy
used.
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Gas turbine Oil equivalent Refining

Power plant for the production of electric en- The quantity of fuel oil that, in practical use, is To clean or purify a raw material by wholly or
ergy. A gas turbine consists of an air compres-regarded as providing the same quantity of en-partly removing pollutants or hazardous constitu-
sor, combustion chambers and a power turbineergy as some quantity of other fuel. ents.

i he exh . h X
drlvgn by.t e exhaust gases. Inturn, the powerp, g, (Am.: kerosene) Renewable energy source
turbine drives the generator. . N

A clear, colourless and low viscosity liquid, con- An energy source that can be renewed or replace

Gasworks sisting of hydrocarbons, produced by distillation at the same rate as it is used.
Aafsacli:]); :ztrotr:e production gas by means of with or without refining. Sludge gas
gasg ' Peat See: digester gas
Geothermal heat Organic earth-like material formed in wet and Soeed control
Heat flowing from the interior of the earth to the oxygen-deficient conditions by the degradation P

Control of the speed of, say, a fan, in order to

surface. of dead plant and animal material by bacterial . )
control some other quantity, e.g. an air flow.

and chemical action.
Greenhouse effect

Accumulation of heat in the lower atmosphere Petrol (Am.: gasoline)

through a reduction in cooling that is caused by A clear, colourless and low viscosity liquid, con-
outward radiation from the earth to space, causedsisting of hydrocarbons, produced by distillation
primarily by the ability of carbon dioxide to ab- of crude oil, by cracking of gaseous or liquid Steam coal

sorb thermal radiation. petroleum fractions or by synthesis. Coal that is used primarily for burning.

Statistically average year
A year for which the meteorological conditions
are the average of those over a period of years.

Heat pump Petroleum product Thermal power plant

A device for raising the temperature of energy Gaseous, liquid or solid mixture of hydrocarbons, A power station in which heat is converted to
from a low-temperature source such as water,produced from crude oil by distillation, crack- electricity.

air, etc., to a higher temperature. To do this, iting or some other process.
requires a certain input of some other form of

Tonne-kilometer
Potential energy Unit of transport work, calculated as the prod-

energy, usually electricity. Energy released or absorbed by changing the potict of the aggregated distance in kilometer over 35
Hydro power plant sition of an object. which a number of tonnes have been carried and
A power station that converts the potential en- Power the number of tonnes.
ergy of water to electrical energy. The rate of doing work, given by the quotient of Toe (tonnes of oil equivalent)
Kinetic energy energy and time (= energy per unit time) See Oil equivalent
Energy released or absorbed as a result of th?’ower balance Town gas

hange in velocity of a movin ject. . . . -
change in velocity of a moving object 1. The balance of power input and output. Gas of a medium calorific value, containing
Mechanical energy 2. A presentation of input and output power.  methane, nitrogen, butane and (in low concen-

The sum of kinetic energy and potential energy
that is not electrical energy.

tration) carbon monoxide, with the addition of a

Power shortage .
... substance to provide a tracer smell.
The state of an energy system, e.g. an electricity

Motor fuel supply system, not having sufficient capacity Useful energy
Gaseous, liquid or solid fuel intended for start- immediately to supply the power demand. Energy used for its intended purpose within a
ing, running or heating a machine, a vehicle en- defined system.

Pumped storage power station
Hydro power station which, when not produ- Waste heat

Natural gas cing power from water falling through the tur- Heat released from processes.
Flammable, non-volcanic gas found in porous bine, can be used to pump water from a lower,
rock strata, often together with and/or partly dis- level to a higher level for later production of
solved in, petroleum. power from it.

gine etc.

Wind power plant
A power plant that converts wind energy into
electrical energy.

Natural gas combination plant/cycle
A combined gas turbine/steam turbine plant,
fuelled by natural gas.

Normal year

To enable fair comparisons to be made between
the use of electricity, heating etc. from one year

to another, the climatic conditions of the years

concerned must first be converted to equivalent
conditions of a statistically average year.

Nuclear energy
Energy released in nuclear reactions or by radio-
active decay.

Nuclear power plant
A power plant that utilises nuclear energy for
the production of electrical energy.
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Units and conversion factors

The international standard unit for measure-

Practical terms

ment of energy is the joule (J), although the What are these various energy units, expressed Conversion scales, energy units
watt-hour (Wh) is often used in Sweden. Onein practical terms? A rough guide is as fol-

joule is equal to one watt-second, which

lows:

means that one watt-hour is equal to 3600 J» 1 kWh can run a cooker hotplate for one

International comparisons often use the tonne

of oil equivalent {oe), which represents the
energy obtained by burning one tonne of oil,
i.e. 11.6 million Wh.

When measuring larger quantities of en-

hour.

» 1 MWh can power a private car for 1000
km (= 621 miles).

* 1 GWh represents the energy used by a

medium-sized town in one day.

ergy, the joule, watt-hour and even toe are in-» 1 TWh is the quantity of energy supplied

conveniently small units. Instead, multiples
such as thousands or millions are used, indi
cated by the following abbreviations:

(kilo) 10° thousand
(mega) 16 million
(giga) 106 thousand million

(tera) 10% million million
(peta) 1€ thousand million million
Units commonly used for comparison are

THO I x

by a large nuclear power plant in about two
- months’ full-load operation.

the PJ, TWh and Mtoe. See the diagram on

the right for conversions between them.

Conversion factors for energy carriers:

Crude oll 1 Mtonnes
Gas oil 1 Mtonnes
Heavy fuel oil 1 Mtonnes
Natural gas 1 G =
Coal 1 Mtonnes
Forest fuels 1 Mton TS*
Forest fuel$40% moisture contenty 1 Mtonnes
Peais0% moisture content) 1 Mtonnes
Automotive petrol 1 Mtonnes
Methanol 1 Mtonnes
*Dry solids

Domestic energy use
A family of four persons in a detached house

uses about 5500 kWh per annum of domesticchine in such a household should not use more

electricity. Average breakdown of domestic
electricity is as follows:

Refrigerators and freezers 1 400 kWh
Food preparation 1 000 kWh
Clothes care 1 000 kWh
Lighting 900 kWh
Dishwashing 500 kWh
Other appliances 700 kWh
Total 5500 kWh

= 11 TWh = 42 PJ
= 12TWh = 43 PJ
= 11 TWh = 41 PJ
10.8 TWh = 39 PJ
= 7-8TWh = 25-30PJ
= 5-55TwWh = 18-20PJ
= 3TWh = 11 PJ
= 25-3TWh = 9-11PJ
= 12 TWh = 43 PJ
= 6.35TWh = 23 PJ

(logarithmic scales).

PJ TWh

Mtoe

A modern, energy-efficient washing ma-

than about 350 kWh/year, and a tumble dryer
should not use more than about 560 kWh/year
Similarly, a new, larger, energy-efficient re-

frigerator should not use more than about
130 kWh/year, and a new energy-efficient
medium-sized chest freezer should not use
more than about 350 kWh/year.




Energy in Sweden in 1998 - an overview

Figure 1 ¢ Energy supply and use in Sweden 1998, PJ

Natural gas incl. towngas Waste heat
— Electricity import - 31 31 |
export Nuclear power,  Energy conversion losses in
-39 Swedish method nuclear power plants
260 513
Biofuels, Hydro-
Crude oil and oil products Coal peat etc. power Nuclear power!, FN/ECEmethod
744 95 331 273 773 (260+513)
Total energy supply 1998 ¢ 2240 PJ2 (Swedish method, 1727 PJ)

° 2
Oil products, —=|  Biofuels, 2
natural gas S| peatetc. a Electricity
525 56| 225 159 456

tal final use 1998 by carrier categories 1420 PJ2

 Foreign®

—r
o

Residential, commercial
and service sector efc. Industry Domestic transport

561 541 319

Energy conversion losses in
Losses nuclear power plants

157 513

Total final energy use 1998 by sector categories 1420 PJ2

1 The UN/ECE method includes the energy conversion losses in the nuclear power plants in the total energy supply

which is the difference from the Swedish method.

2 Preliminary figures. Due to rounding up or down of these figures, total figures may not always agree exactly

with the sums of the individual items.
3 Foreign maritime trade and energy for non-energy purposes.
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Swedish National Energy Administration

The Swedish National Energy Administration was established on January 1, 1998,
and is Sweden’s national authority on issues regarding the supply and use of en-

ergy.

The main task of the Administration is to implement the energy policy programme
approved by the Riksdag in the spring of 1997. The aim of the programme is to
establish an ecologically as well as economically sustainable energy system.

We work to promote a safe, efficient and environmentally sustainable supply and
use of energy. We do so by supporting research on renewable energy sources and
technology procurement of energy-efficient products and by providing investment
support for the development of renewable energy.

The Administration also serves a supervising function as monitoring authority of

the recently deregulated electricity market. The Department for Structural and
Market Analysis provides analyses of the linkages between energy, the environ-
ment and economic growth.

«

Swedish National
Energy Administration

Swedish National Energy Administration « Box 310 « SE-631 04 Eskilstuna « Sweden
Tel +46 16 544 20 00 * Fax +46 16 544 20 99 « www.stem.se
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