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Preface

Energy markets — both national and in-
ternational — are changing rapidly, partly
as a result of changes in the aims and
purposes of energy and environmental
policies in Sweden and in other coun-
tries. Inrecent years, Swedish energy and
environmental policy has increasingly
concentrated on establishing or improv-
ing long-term conditionsfor effectiveen-
ergy markets. The reform of the Swedish
electricity market, greater international-
isation and the effects of the energy sys-
tem on the environment and on climate
are important factors that influence this
policy, and thus the conditions govern-
ing development of the energy markets.

In June 2002, the Swedish Parliament
approved the Government’ s proposal for
a secure, efficient and environmentally
sustainable supply of energy. The guide-
lines set out in the 1997 energy policy
declaration remain in place. The coun-
try’s energy policy is to provide secure
short-term and long-term supplies of elec-
tricity and other forms of energy on com-
petitive terms. The policy is intended to
create the right conditions for efficient
use and cost-efficient supply of energy,
with minimum adverse effects on health,
the environment or climate, while at the
same time assisting the move towards an
ecologically sustainable society.

In the 2002 energy policy declaration,
it is primarily the targets of the guide
measures intended to influence develop-
ment in the short term that have been
changed. A new guide measure, intended
to encourage the use of electricity from

Eskilstuna, November 2002

renewable sources, will be introduced in
January 2003 in the form of a certificate
trading system. The introduction of this
system, together with a greater emphasis
on information and the dissemination of
knowledge, meansthat the Energy Agency
will have a number of new duties. It will,
however, continue to be responsible for
most of the measuresintended to improve
the efficiency of energy use.

An important element in the develop-
ment of the electricity market is that the
transmission of electricity, which is a
monopoly service, should be operated ef-
ficiently. This is an area in which the
Agency plays an important part. Its au-
thority has now been extended, making it
an expert authority in the field of elec-
tricity trading, and including responsibil-
ity for continuous monitoring of prices
and competition in the market.

The Agency is aso responsible for
monitoring developments in the energy
and environmental fields, and for provid-
ing information on the current energy situ-
ation. This includes aspects such as de-
velopments in energy supply and energy
use, energy prices and energy taxes, as
well as the effects of the energy system
on the environment.

Energy in Sveden, which is published
annually by the Swedish Energy Agency,
is intended to provide decisionmakers,
journalists and the public with a single
source of easily availableinformation on
conditions and developments in the en-
ergy sector. =

GO &m/é/@fz ﬁ@%/ Folhala

Thomas Korsfeldt
Director-General

Becky Petsala
Head of Department,
Department for Energy Policy Analysis
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Information on statistics

Statistics in the 2001 edition of Energy in
Sweden were revised in comparison with
those of previous editions. These revisions
applied mainly to those for the years from
1983 to 1999, although entire time periods
were updated in some tables. Much of this
work of revision was carried out in con-
junction with Statistics Sweden.

With effect from the 2001 edition, statistics
that are based on material from Statistics
Sweden are preliminary for the two preced-
ing years: statistics for earlier years are de-
finitive.

Breakdownsinto certain types of fuelsvary
somewhat, depending on whether prelimin-
ary or definitive data has been used.



Figure 1 * Energy supply and use in Sweden 2001, TWh
The same figure, expressed in PJ, can be found on page 49

Natural gas incl. Waste heat
gasworks gas 7 i
Electricity import 9
- export

-7
Biofuels,

Crude oil and oil products peat etc.

192 98

Total energy supply? by types of energy carrier 2001 ¢ 616 TWh'

Natural gas incl.
gasworks gas

6

Biofuels,
Oil products peat etc. Electricity

135 63 133
Total final use 2001 by carriers 398 TWh'

Domestic
Industry transport
150 92

Total final use 2001 by sectors 398 TWh'

1 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.

2 Including windpower, 0,45 TWh.

3 Foreign maritime trade and energy for non-energy purposes.
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Current policy areas

The main features and directions of the energy markets are determined
largely by political considerations, which affect developments in energy
use and energy production. The political structure, in turn, is established
partly at national level and partly at EU level. International developments
and agreements al so influence devel opments. The following pages discuss
anumber of areasof current interest in thefields of energy, climate and the

environment.

Sweden’s Energy Policy

In June 2002, Parliament approved the
Government’ s proposal for anational en-
ergy supply policy, based on an agree-
ment between the Social Democrats, Cen-
tre Party and the Left Party. The new
agreement confirmsthe guidelines set out
in the 1997 energy policy decision. The
overall objective of the country’s energy
policy isto ensure, in both the short and
long terms, areliable supply of electrici-
ty and other forms of energy on competi-
tiveterms. The policy isintended to cre-
ate the right conditions for efficient use
and cost-efficient supply of energy, with
minimum adverse effects on health, the
environment or climate, whileat the same
time assisting the move towards an eco-
logically sustainable society.

Changes in the 2002 energy policy
agreement are concerned primarily with
the thrust of the guide measures intended
to influence developments in the shorter
term. A new guide measure, aimed at in-
creasing the use of electricity from renew-
able sources by 10 TWh between 2002
and 2010, is intended to encourage the
production of electricity from low-envir-
onmental-impact and renewable sources.
This will be done by means of a system
based on the issue and trading of cer-
tificates determined by the source of the
electricity. The Government intends to
submit further details of this proposal to
Parliament during the autumn of 2002. It
is intended to make electricity from re-
newable sources equally competitivewith
that from other sources. However, wind
power will still need to be supported for
some years as it becomes established. In
addition, the new energy policy includes
planning objectives for wind power.

The new policy also emphasises the
importance of improving the efficacy of
the energy markets. The Government in-
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tends to provide additional facilities for
constant monitoring of price develop-
ments in the gas and electricity markets,
inwhich work the Swedish Energy Agency
will be playing a greater part.

Theupdated policy alsoincludesmeas-
ures intended to improve the efficiency
of energy use, such as those concerned
with information and training, local and
regional initiatives and technology pro-
curement. The Government has also giv-
en notice that it may modify the taxation
of CHP production, bringing it into line
with taxation of industrial back-pressure
power. Further detailswill be announced
in the 2003 Budget Bill. The Govern-
ment aso announced the setting up of an
investigation asto whether an agreement,
similar to that reached in Germany con-
cerning a controlled, responsible phasing-
out of nuclear power production, would
also be appropriate in Sweden. The Gov-
ernment intends to conduct negotiations
with the power industry. The Govern-
ment’ s earlier decision, that it will not be
possible to close the second reactor at
Barsebéack before 2003, still stands. The
Government will reconsider the closure
decision, presenting the resultsto Parlia-
ment in the spring of 2003.

The emphasis of strategic contingency
planning has been modified. This will
build on the earlier overall concept, con-
centrating on preparedness for dealing
with serious peacetime emergency situa-
tionsand/or international crises. The new
considerations will allow for the mutual
dependence of variousinfrastructural as-
pects, with a particular area of priority
being that of the interdependence of elec-
tricity, telecommunicationsand IT.

Swedish climate strategy

In March 2002, Parliament approved the
Government’s proposal for a formal
Swedish climate strategy, in the form of

a strengthening and more precise defin-
ition of the environmental quality objec-
tive of limited effects on climate. Limit-
ed effects on climate have now become
one of fifteen environmenta quality ob-
jectives, of which others include fresh

air, natural levels of acidification only, a

toxin-free environment, protection of the

ozone layer and living lakes and water-
ways. The overall purpose of the envir-
onmental quality objectivesisto passon

a society to the next generation in which

Sweden’ smajor environmental problems

have been solved.

Expressed as a mean value over the
period from 2008 to 2010, Swedish emis-
sions of greenhouse gases are to be at
least 4 % lower than they were in 1990.
Thisobjective represents a Swedish com-
mitment over and above the country’s
undertakingsin accordance with the Kyo-
to Protocol. Strictly, under the terms of
the apportionment within EU countries,
Sweden is permitted to increase its emis-
sions by up to 4 %. The 4 % reduction
objective is to be achieved without al-
lowance for absorption in carbon sinks
or flexible mechanism credits. Flexible
mechanisms are defined as:
 Joint Implementation, by which anin-

dustrialised country can be credited
with emission reduction units when it
helps to finance projects that reduce
net emissionsin another industrialised
country.

e Clean Development Mechanisms, by
which industrialised countriesfinance
emission-reduction projects in a de-
veloping country.

» Trading in Emission Rights, by which
a country that has reduced its emis-
sions by more than it undertook to do
can sell emission rights to another
country having difficulty in meeting
its objectives.

Climate work and the national objective

will be continuously monitored. If emis-

sions do not fall in accordance with the
objective, the Government may propose
additional measures or, if necessary, re-
consider the objective. At al times, the
competitiveness of Swedish industry will
be borne in mind. It is proposed that
progress checks should be carried out in

2004 and 2008. The Government intends

to complement the 2004 progress check

with consideration of a formal objective
for the flexible mechanisms.



As part of the work of publishing the
climate policy objective, the Government
also approved the Kyoto Protocol, which was
officialy ratified by Sweden on 31st May
2002 in conjunction with other EU states.

Sweden’s transport policy

In December 2001, Parliament approved
the Government’s proposal for the infra-
structure to provide a long-term sustain-
able transport system. This included the
overall objective from the 1998 transport
policy decision intended to ensure a na-
tionally viable, efficient and long-term
sustainable transport provision for busi-
ness and the public. The overall object-
ive has now been complemented by a
sixth sub-objective concerning a trans-
port system with equal opportunities for
women and men, with the other five
sub-objectivesbeing 1) an availabletrans-
port system, 2) high transport quality, 3)
safetraffic, 4) agood environment and 5)
positive regional development. The Na-
tional Rail Administration and the Nation-
al Road Administration are responsible
for planning investmentsin new railways
and roads, for developing and modernis-
ing transport systems and for ensuring
the retention and maintenance of existing
rail and road networks, to atotal value of
SEK 364 000 million over the period
2004-2015. Some of these resources will
be made available earlier, during the
period 2002—-2004.

Work in progress

The country’s energy taxation system is
being reviewed, with the aim of making
it easier to understand and of linking it
more closely to environmental effects. As
part of this latter purpose, the Govern-
ment decided in the spring of 2000 to
restructure taxation to encourage a trend
towards environmental improvements,
starting in 2001. Thisinvolvesraising tax-
es on environmentally undesirable activ-
ities, while at the same time reducing tax-
es on work. This gradual transfer of tax-
ation is intended to continue over a
ten-year period, to a value of about SEK
30 000 million. A parliamentary commit-
tee has been appointed to overseethe strat-
egy, investigating the formulation of rules
for reducing energy taxation of sectors
exposed to competition. The committee
will publish its report by not later than
31st December 2002.

In addition, a parliamentary delega-
tion has been appointed to produce a pro-
posal for aframework of a Swedish sys-
tem for operating the Kyoto Protocol’s
flexiblemechanisms, i.e. tradingin emis-
sion rightsand the two project-based joint
implementation and clean development
mechanisms. The proposal isintended to
include identification of which emission
sources shall be eligible for coverage by
the quota, emission ceilings for those in-
volved in the trading system and details
of apportionment and determination of
emission rights. The proposal is due for
submission to the Government by theend
of 2002, with the intention that its rec-
ommendation should come into force by
not later than 2005. A negotiator has also
been appointed, responsible for prepar-
ing material and proposals for outline
agreements for joint application by Swe-
den and other countries. Thiswork isdue
for reporting not later than 1st December
2002.

The Government has also asked the
National Board of Housing, Building and
Planning to investigate the effects of a
ban on the use of direct electric heating
in new buildings with effect from 2005.

Energy Matters
within the EU

Work is in progress at EU level on the
creation of a single market for energy,
with the intention of improving competi-
tion in energy supply. The Electricity
Market Directive was adopted in 1996,
with the objective of creating common
rules for production, transmission and
distribution of electricity. It will havethe
effect of gradually opening the market to
competition: under the terms of the dir-
ective, 33 % of theelectricity market must
be open to competition in 2003. Several
countries have opened their markets to
competition at al customer levels, includ-
ing the Nordic countries, the UK, Austria
and Germany. On the other hand, three
countries — France, Greece and Portugal
— have not yet started to open their mar-
kets. The Gas Market Directive was
adopted in June 1998: as with the Elec-
tricity Market Directive, its objective is
progressively to open the European nat-
ural gas market to competition. Fiveyears
after coming into force, at least 28 % of

the natural gas market must be open to
competition, increasing to 33 % after ten
years. In March 2001, the Commission
put forward a proposal for modifications
to the Gas and Electricity Market Direct-
ives. The proposed changesincludeanew,
accelerated timetable for the opening up
of markets, by which the markets must
be open for al customer categories by
2005. In response to views from the Eu-
ropean Parliament and the Council of
Europe, the Commission put forward a
revised proposa in June 2002. It is ex-
pected that the changeswill be confirmed
by the Summit Meeting in Copenhagen
at the end of 2002, to be phased in over a
period of 18 months.

Renewable energy in the EU

The EU has established a target for the
proportion of its total energy use from
renewable resources to have been in-
creased from the present 6 % to 12 % by
2010. A review of progresswas published
in January 2001, acknowledging that
someimprovements have been made, but
that more positive action will have to be
taken if the objective is to be achieved.
Nevertheless, the Commission feels that
the target set out in the White Paper is
realistic. A specia ‘Support for Electri-
city from Renewable Sourcesin the Sin-
gle Market for Electricity’ Directive sets
a target of 22 % for the proportion of
electricity from renewable sources by
2010. Both the objectives are indicative,
i.e. not binding on the various member
states. The directive requiresthe member
states to take the necessary steps to
achieve the objective, and to submit reg-
ular progress reports.

Security of energy supply in the EU
In November 2000, the Commission pub-
lished a Green Paper entitled ‘ Towards a
European Strategy for Security of Ener-
gy Supply’. It noted that the EU is till
increasing its use of energy, and is be-
coming increasingly dependent on exter-
nal energy products. If nothing is done
over the next 20-30 years, 70 % of EU
energy requirements will depend on en-
ergy from external sources, as opposed
to 50 % today. The Green Paper suggests
some bases for along-term energy strat-
egy. Important elements in this strategy
include comprehensive modification of
consumer habits, with taxation being one

U
ENERGY IN SWEDEN 2002 | 5

CURRENT POLICY AREAS



SV3HV ADIT0d LNIHHNO

way of controlling demand, increasing the
usef energy from renewable sources, ana-
lysing the use of nuclear power in the
medium to long term and, for oil and coal
— the imports of which are growing —
considering a system of strategic storage
and planning new import paths.

Other EU energy matters

In May 2001, the Commission presented
a draft directive concerning the energy
performance of buildings. This is now
being worked on, and a decision is ex-
pected at the end of 2002. It will include
common methods for calculating min-
imum standards of energy performance,
application of the standardsto new build-
ings and extensively renovated buildings,
energy certification of designsandin con-
nection with the sale or renting of abuild-
ing, and inspection of HVAC systems. In
July 2002, the Commission released its
draft Cogeneration Directive. The pro-
posal does not give any indicative na-
tional objectives for the proportions of
electricity to be provided by cogeneration:
instead, member states are required to
analyse and document their potentialsfor
agreater proportion of cogeneration pro-
duction. The draft directive also sets out
criteria for assessing the benefit of co-
generation in comparison with separate
production, concentrating on the energy
efficiency gainsachievable through com-
bined production. In addition, the Com-
mission has published a plan of action
and two draft directives for encouraging
greater use of dternativefuelsinthetrans-
port sector. Initially, the use of biofuels
will beencouraged by legidlative and tax-
ation measures. The first draft directive
prescribes an obligatory minimum pro-
portion of biofuels, with effect from 2005.
The second draft directive opensthe way
to reducing spot taxes on biofuels. In the
field of taxation, and in addition to the
above proposal s concerning spot taxeson
biofuels, the Commission has put forward
a draft proposal for taxation of energy
products. Thisproposal, which datesfrom
1997, defines a general taxation system
for thetaxation of energy products. How-
ever, it has not yet been adopted dueto a
lack of political agreement between the
member states.
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EU climate strategy

The EU Commission has also launched
the European Climate Change Programme
(ECCP), which consists of two parts: a
list of priority measuresand a plan for an
emission rights trading system, intended
to come into operation in 2005. The list
of priority measures includes both those
that are in process of being drafted, such
as the Directive on the Energy Perform-
ance of Buildings, and measuresonwhich
more work is needed, such as long-term
agreements with industry.

The Commission presented adraft dir-
ective on trading in emission rights in
October 2001, under which about 46 %
of the theoretical EU emissionswould be
covered by the trading system. Electri-
city and cogeneration plants with an in-
put power rating of more than 20 MW
would be among those covered. Thedraft
also proposes that, between 2005 and
2007, all member states should issue
emission rights to participating power
plants at no cost. By not later than June
2006, the Commission shall have re-
viewed initial experience of operation in
order to decide the most suitable harmo-
nised method of assigning rightsfor con-
tinued use. The draft is now being dis-
cussed. Ministers attending the Council
Environment meeting in December 2001
clarified their positions concerning a
number of fundamental aspects. The Dan-
ish chairman of the conference hascalled
for agreement at the meeting on 17th Oc-
tober 2002. The central questions relate
to the proportioning and assignment pro-
cedure, whether the system is to be ob-
ligatory for the member states, the indus-
try sectorsand gasesto be covered by the
scheme and the link to other emission
trading schemes and to the project-based
trading mechanisms.

International
Cooperation

International negotiations on the climate
have continued since the 1992 Rio de
Janeiro UN Framework Convention on
Climate Changes. The Kyoto Protocol,
which was signed in 1997, became afirst
step in quantifying the measures neces-

sary to achieve the objectives of the 1992
Convention. The Protocol calls for a
5.2 % reduction in emissions by the in-
dustrialised countries between 1990 and
2008-2012, referred to as the first com-
mitment period. Implementation of the
Protocol required it to be ratified by at
least 55 partiesto the Convention, respon-
sible for at least 55 % of emissions. Be-
fore agreement could be reached, it was
necessary to clarify the rules that would
be applied in practice and, at the Seventh
Conference (held in Marrakesh in the au-
tumn of 2001), the parties reached agree-
ment on how the political decision should
be expressed in legally binding text. As
the USA has withdrawn from the negoti-
ations, it was necessary for the EU, Japan
and Russiato ratify the Protocol beforeit
could come into force. The EU ratified
the Protocol on 31 st May 2002, followed
by Japan on 4th June 2002. At the World
Summit on sustainable development in
Johannesburg in September 2002, Rus-
sia stated that it intended to ratify the
Protocol, which would enable it to come
into force. The Eighth Conference will
be held in New Delhi at the end of Octo-
ber 2002.

World Summit

on sustainable development

A World Summit on sustainable devel-
opment was held in Johannesburg at the
end of August 2002, attended by dele-
gates from 190 countries, who negoti-
ated anumber of difficult problem areas.
In terms of setting concrete objectives or
specific dates, thedel egatesfailed to reach
agreement on access to energy supplies
or achangeto renewabl e energy sources:
instead, it was agreed that programmes
to improve the availability of energy
should be included in national develop-
ment plans for tackling poverty, and that
this must be done in a sustainable man-
ner. All countries should change from
the use of fossil fuelsto renewable ener-
gy, with a massive world-wide increase
in the proportion of renewable energy.
In addition, the Summit recommended
that the industrialised countries, in par-
ticular, should phase out subsidiesto fos-
sl fuels. ]



Sweden’s energy balance

The total quantity of energy used must always be balanced by a corres-
ponding quantity of energy supplied. This chapter gives details of the
balance between Sweden’ s total energy supply and its total energy use.

Total Energy Supply

Sweden’ senergy supply hasincreased by
35 % between 1970 and 2001, from 457
TWhto 616 TWhin 2001.

The combination of constituents mak-
ing up the total energy supply have
changed considerably over this period.
In 1970, crude oil and oil products ac-
counted for 77 % of thetotal energy sup-
ply, compared to 31 % by 2001. In 1970,
most of the oil supply went to the resi-
dential and service sectors. Today, 55 %
of the oil supplies go to the transport sec-
tor. Much of the energy previously sup-
plied by oil has over the last 30 years,
been replaced by nuclear power and bio-
fuels. Today, nuclear power provides
about 206 TWht (68 TWh of electricity)
and hydro power provides about 64 TWh
per year under normal precipitation con-
ditions. Normal year production of hydro
power is based on a mean value of pre-

1 These quantities are expressed in accordance with
the international method, which includes energy
losses in nuclear power stations.

cipitation over the period 1950-1996. The
precipitation has been high over the last
few years, and if these yearswereinclud-
edinthe statistical serie, normal year pro-
duction would be higher. The proportion
of energy supply represented by coal and
coke was the same as in 1970, i.e. 4 %.
However, biofuelsand peat haveincreased
their share of the supply from 9 %in 1970

TWh Figure 2a  Total energy supply in Sweden 1970-2001

to fully 16 % in 2001. These fuels are
supplied mainly to the industrial sector
and district heating producers.

Ininternational terms, the energy sup-
ply of Sweden includes arelatively large
proportion from renewable sources. These
include biofuels, hydro power and wind
power. In 2001, these renewable sources
accounted for 29 % of the country’ stotal
energy supply.

Thetotal energy supply variesfrom one
year to another dueto anumber of factors,
including variationsin temperature. Y ears
that are warmer than statistically average
result in areduced need for energy, while
colder years increase the need. 2001 was
warmer than an average year.
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The Agency’s forecast for the period
up to 20032 expects total energy supply
to be 619 TWh in 2002 and 631 TWhin
2003, with net imports of electricity
amounting to 9 TWh and 7 TWh respect-
ively.

Total Energy Use

Total energy use in 2001 amounted to

616 TWh, spread over the following five

sectors:

* Industry

e Transport

» Residential and service etc.

 International shipping and products
used for non-energy purposes

» Conversion and distribution losses.

The first three sectors above account for
what is referred to as total fina energy
use, which amounted to 398 TWhin 2001.
According to the Agency’s forecasts for
2002 and 20037, total final energy usein
the two years is expected to increase to
402 and 407 TWh respectively.

Bunker oilsfor international shipping
and coal and oil products used for
non-energy purposes amounted to 40
TWh in 2001. Non-energy purposes are
such as raw materials and feedstocks for

2 Energy supply in Sweden, short-term forecast,
2002-02-25

Industry

50—

Domestic transport

the plastics industry, lubricating oils and
oil productsused in the building and civil
engineering sectors, e.g. asphalt and sur-
face coatings etc.

Conversion losses are associated with
electricity and heat production, andin re-
fineries and coking plants. They do not,
however, include losses in hydro power
production. Conversion lossesin nuclear
power plants make up a major item,
amounting to over 22 % of total energy
use in 2001. Conversion losses aso in-

tion with supplies of electricity, natural
gas, town gas, coke and blast furnace gas,
aswell aswith district heating. Total con-
version and distribution losses in 2001
amounted to 178 TWh, of which 138 TWh
were in the nuclear power stations.
Trends in the patterns of energy use
by industry and the residential and ser-
vice sector have remained essentially un-
changed since 1970. However, total use
by the transport sector (excluding inter-
national shipping) hasincreased by 64 %

clude the energy sector’s own internal  since 1970. ]
use. Distribution losses occur in connec-
TWh Figure 3a ¢ Total energy use in Sweden 1970-2001
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Energy markets

The energy markets are changing in step with development in technology
and with increasing awareness of the effects of energy systems on the
environment, society and the economy. Electricity marketsin several coun-
tries have been opened to competition over the last few years, and the same
process is now occurring in natural gas markets. Work on reducing emis-
sions of greenhouse gasesisin progressin most countries of theworld, and
is affecting the markets for fossil fuels and biofuels. This chapter describes
the changes that have occurred over the last 30 years.

78.5 TWh. Nevertheless, electricity prices
during the year were very high, due pri-
marily to the fact that precipitation in
Norway was lower than normal.

The Electricity Market

Major changes have occurred in the elec-
tricity markets in the Nordic countries
and the EU over the last few years. In
1991, Norway wasthefirst Nordic coun-
try to create acompetitive market inwhich
users could choose their electricity sup-
pliers. Sweden followed in 1996 and Fin-
land in 1998, while the Danish el ectricity

200

Electricity use

In 2001, electricity use in Sweden
amounted to somewhat over 150 TWh.
Between 1970 and 1987, electricity use
increased very substantialy, at a rate of
about 5 % per annum. However, thisrate
of increase has since declined, so that
electricity use increased by only 0.65 %
per annum on average between 1998 and
2001. Electricity usein Swedenislinked
primarily to two sectors, the residential
and service sector and the industrial sec-
tor. Between 1970 and 1987, annual elec-
tricity use in these two sectors increased
on average by 6.7 % and 2.7 % respect-
ively. These increases stabilised over the
following years, so that between 1998

O

TWh Figure 4a ¢ Use of electricity in Sweden 1970-2001

market will be fully open to competition 150
in 2003%. Today, al the Nordic countries
except Iceland are trading on the Nordic
electricity exchange, Nord Pool. Theprice 100

Industry

of electricity in the Nordic countries is
determined largely by hydro power avail-
ability in Sweden and Norway. There has

Transport

been arun of wet years in Sweden since 50

District heating, refineries

Residential, commercial,

1997: 2001 was an exceptionally wet year,
with arecord hydro power production of

3 At present, all consumers using more than 1 GWh/ 70 75 80
year can choose their electricity supplier.
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Distribution losses
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TWh Figure 4b ¢ Use of electricity in Sweden by sectors
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and 2001 the annual increases in the two
sectorswereonly 1 % and 0.6 % respect-
ively. The substantial increase in the use
of electricity in the residential sector up
to 1987 wastheresult mainly of achange
fromail to electricity for heating purposes.
In recent years, it has been primarily the
use of domestic electricity and electricity
for building services systemsthat hasin-
creased in thissector. The use of electric-
ity for heating has remained at a stable
level for someyears now, which hasbeen
assisted by the availability of grants for
conversion from electric heating. Indus-
trial useisclosely linked to conditionsin
asmall number of important sectors: the
pulp and paper industry, for example, uses
about 40 % of all the electricity used in
industry. Electricity use in the transport
sector is relatively little, being used al-
most entirely for railborne transport. To-
tal electricity use aso includesthe losses
associated with the transmission of elec-
tricity and with its use in district heating
plants and refineries.

Electricity production

Over the last 30 years, there have been
considerable changes in the production
mix of the country’s electric power. At
the beginning of the 1970s, hydro power
and conventional thermal cold condens-
ing power produced most of the electri-

tion of nuclear power plants, in order to
reduce the country’s dependence on ail.
Today, hydro power and nuclear power

supply a very substantial proportion of
the country’s electricity, amounting to
somewhat over 94 % in 2001, with

Figure 5 ¢ Wind power development 1982-2001
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TWh Figure 6a ¢ Electricity production in Sweden 1970-2001
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oil-fired cold condensing production and
gas turbines providing primarily reserve
capacity.

Thisproduction structureisonce again
in the process of change. Sweden has de-
cided to phase out nuclear power produc-
tion: Barsebéck 1 was closed in 1999 and
Barsebéack 2 will be closed when the con-
ditions set by the Parliament arefulfilled.
Theseinclude“theloss of electricity pro-
duction being compensated by the intro-
duction of new production capacity and
reduced use of electricity”“. Parliament’s
last review of the situation, in 2001, de-
cided that the necessary conditionswould
be fulfilled before the end of 2003. Con-
tinued phase-out of nuclear power pro-
duction, asin Germany, isalso under dis-
cussion. Under the German model, the
Government and the power industry reach
an agreement on atotal productionfigure
for electrical energy, in the form of a
maximum quantity that may be produced
by the existing reactors during their re-
maining life. Thisproduction volumecan
be distributed relatively freely in terms
of time and between nuclear power plants.

The Swedish and EU targets for the
reduction of greenhouse gases have also
affected the production mix of electric
power, in the form of a greater element
of renewable energy. Wind power is a
renewable energy source which has ex-
panded substantially in Sweden over the
last ten years. Despite this, however, its
share of the country’s electricity produc-
tionis still very modest.

In addition to nuclear power, hydro
power and wind power, Sweden al so oper-
ates a certain amount of combustion-
based power production. 35 % of the fuel
for this production is supplied by coal,
35 % by biofuels and about 26 % by oil.

4 Report of the Standing Committee on Economic
Affairs, 2001/02:NU17

The cogeneration proportion of this pro-
duction, producing both heat and power,
has acquired increasing importance both
in Sweden and elsewhereinthe EU asan
efficient technology.

2001 was a very wet year in Sweden,
with hydro power production reaching a
record level of 78.5 TWh. Nuclear power
production was aso relatively high, at
69.2 TWh, which could be dueto the fact
that electricity prices were high during
the year, and so made it worthwhile to
produce electricity from this source.
Combustion-based power production
amounted to 9.7 TWh, and 0.45 TWh
from wind power from the country’ s 570
wind power plants (asat theend of 2001).

Trade in electricity

Prior to reform of the marketsin the Nor-
dic countries, electricity was traded be-
tween the countries under the terms of
bilateral agreements. Today, thereisaso
ajoint Nordic power exchange, Nord Pool,
on which all the Nordic countries except
Iceland trade. Thishasresulted in pricing
onthe Nordic market having become more

efficient asaresult of reduced transaction
costs. In addition, the exchange price can
be used as a reference for bilateral trade.
Border tariffshave been removed between
Norway, Sweden, Finland and Denmark
(the latter from the beginning of 2002),
which has also helped to encourage trade.
Competition has meant that the utilities
find it cheaper to buy power from neigh-
bouring countries than to run production
plant with low merit order. This has re-
sulted in the decommissioning of plant,
such as gas turbines and most of the oil-
fired cold condensing plant that was pre-
viously available for peak-lopping duty
during (for example) cold weather, that is
not specifically required for actual break-
down reserve.

Trade in electricity between the Nor-
dic countries varies during the year and
from year to year, depending on weather
and economic conditions. However, the
prime factor in determining power trad-
ing is annual precipitation to the Swed-
ish, Norwegian and Finnish reservoirs,
coupled with the marginal production
costs of electricity. German, Russian and

O

GWh Figure 7a ¢ Supply of fuel in electricity production 1983-2000
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Polish utilities also trade electricity with
the Nordic countries, despite not being
alowed to trade via Nord Pool. How-
ever, asyet, the quantities of such trading
are still relatively small.

During 2001, Sweden was a net ex-
porter of electricity, primarily due to an
excellent availability of water, but also
assisted by high availability of the Swed-
ish nuclear power plants. Most of theelec-
tricity was exported to Norway, which
had a poorer availability of water power
during the year. Exportsto Germany and
to Poland also increased, but decreased
to Denmark and Finland.

Price developments

The prices of electricity vary between
customer categories, between urban and
rural areas and between the Nordic coun-
tries. Thisisdue to varying transmission
costs across regiona and local distribu-
tion systems, different taxation regimes,
subsidies, national rulesand the structure
of the electricity market. The spot price
of electricity on the power exchange is
not the price that private customers see
on their electricity bills. The final price
of electricity to a customer consists of a
grid tariff, aprice for the electrical ener-
gy itself, various charges and taxes and,
finally, the profit margin applied by each
link in the chain. The spot price is deter-
mined on the basisof an equilibrium price,
asindicated by theintersection of the sup-
ply and demand cost curves.

The first year of the reformed electri-
city market, 1996, was a dry year, which
meant that the spot price rose until the
end of the year. It then fell substantially
until the end of 2000, due partly to plen-
tiful precipitation and partly to increas-
ing competition on the common electri-
city market. Although 2001 continued the
pattern of high precipitation, electricity
prices during the year were very high,
due partly to relatively low precipitation
in Norway. Prices fell during the start of
2002, but are still at ahigh level in com-
parison with earlier years.

The price aso varies over the year:
between 1998 and 2002, these variations
have followed a similar pattern, being
higher during the winter and lower during
the summer. The variations depend on the
amount of precipitation, demand —which
in turn depends primarily on temperature
—and available production and transmis-
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GWh per week  Figure 9 ¢« Sweden’s electricity exports January 2001-July 2002

800
Poland

600

Germany

400

200

Norway

Jan Mar May Jul Sep

sion capacities. Dueto physical limitations,
primarily on the links between Sweden
and Norway, different prices, known as
area prices, have been applied on occa-
sions. During the year 2001, the average
lowest area price was in Finland, while
the highest was in western Denmark.

International development

The electricity market in many parts of
theworld isat present undergoing exten-
sive changes in terms of changing mar-
ket conditions, new technology and great-
er environmental awareness. One of the
effects of the EU Electricity Market Dir-
ectiveisthat at least 33 % of the electric-
ity marketsin the EU states must be open
for competition by 2003. Proposals to
accelerate this process, so that 35 % of
the market would be open to competition
by 2003, and all the electricity markets
would be open to competition by 2005,
were put forward in 2001. The degree of

Finland
Denmark

Nov Jan Mar May Jul

openness varies between states: the elec-
tricity markets in Sweden, Finland, the
UK, Germany and Austriaare fully open
to competition, which meansthat all com-
panies and households are free to choose
their electricity suppliers. Denmark
(2003), Spain (2003) and Holland (2004)
have decided to open their markets fully
to competition, while other countries,
such as France and Greece, have decided
merely to fulfil the minimum require-
ments of the directive. The directive also
affectsother countriesin Europe, and par-
ticularly those that have applied for EU
membership.

Similar developments have occurred,
or are occurring, in many parts of the
world. In addition to the EU states, Nor-
way, New Zealand, Argenting, Brazil and
Chile have opened their electricity mar-
ketsto competition, whilereform hasaso
started in Canada, Japan, the USA,
Ukraine, Poland and Hungary. However,



reform in California has largely failed,
suffering from problems such as power
cutsat times of high demand. Asaresult,
the process has stopped for the time
being in California and other American
states.

Reform of the electricity markets in-
volves a change from national monop-
olies, with central planning, to interna-
tional markets exposed to competition.
Electricity becomes aform of energy raw
material, which can be traded and sup-
plied across borders. Today, there are
electricity exchanges, i.e. organised mar-
kets for trading in electricity, in several
countries, such asthe Scandinavian coun-
tries, the UK, Holland (Amsterdam), Ger-
many (Leipzig and Frankfurt), Spain and
Poland. France and Italy are planning to
open power exchangesin the near future.
The power utilities are developing into
larger and more integrated energy util-
ities, operating in several countries. The
large, dominating companies on the Nor-
dic electricity market —Vattenfall in Swe-
den, Statkraft in Norway and Fortum in
Finland — have al bought into competing
companieson the northern European mar-
ket. In the same way, PreussenElektrain
Germany and EdF in France are also in-
vesting in the Nordic countries. With the
extension of the activities of the larger
companies across national borders, it be-
comeslessrelevant to talk of national elec-
tricity markets. Development will be to-
wards a common market, with electricity
being produced wherever it is physically
and economically most appropriate.

Electricity production

from renewable sources

Reform of the electricity marketsand nat-
ural gas marketsin Europe are important
steps towards an internal energy market,
with greater competition and lower prices.
However, as a result of higher produc-
tion costs, electricity from renewable
sourcesmay find it moredifficult to break
into the competitive markets. A directive
aimed at encouraging the production of
electricity from renewable sources was
approved by the Council of Ministersin
August 2001. It requires the production
of electricity from renewable sources in
the EU to be increased from somewhat
less than 14 % to over 22 % by 2010.
The necessary support for electricity pro-
ducers using renewable energy sources

Figure 10 ¢ Specific electricity use per inhabitant, 2000,
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can be provided by traditional investment
support, by fixed price systems’, by trad-
ing in certificates etc. The certificates
would provide the producers of electri-
city from renewabl e sources with the ne-
cessary economic support in order to be
ableto meet current electricity pricesand,
at the sametime, provide anincentivefor
cost-efficient production. A system of
tradable certificateswill beintroduced in
Sweden at the beginning of 2003, under
which those producing electricity from
certain forms of renewabl e energy sources
will be assigned tradable certificates for
each MWh of electricity produced from
renewable energy. The distribution utili-
tiesand, in certain cases, electricity users
will berequired to purchase these certifi-
catesin proportion to the amount of elec-
tricity that they supply or use. this will
create a market for the certificates. The
proportion of certificatesthat distributors
and users will be required to buy will be
progressively increased from year to year
in order to encourage greater production
of such electricity.

Discussions are aso in progress with-
in the EU on trading emission rights for
greenhouse gases (concentrating initially
on carbon dioxide), as a means of meet-
ing EU undertakings for emission reduc-
tion in accordance with the Kyoto Proto-
col. Introduction of such a system would
also encourage electricity production
from renewabl e sources.

5 This guarantees a fixed price, agreed in advance,
to the supplier of electricity from arenewable source.

Belgium

France  The Netherlands EU total
Germany United Kingdom OECD tot.

Switzerland
Denmark

Electricity use varies
between countries
In Sweden, per-capita electricity use is
relatively high in comparison with that
of other countries: only Norway, Iceland
and Canada have higher per-capita uses.
All these countries have plentiful sup-
plies of cheap hydro power, arelatively
cold climate and (apart from Iceland)
highly electricity-intensive industries
based on natural resources such as forest
or ores. If we remove the electricity de-
mand of these el ectricity-intensiveindus-
tries from the statistics, i.e. if we replace
the electricity that they use by the amount
of electricity that is average for industry
asawhole, then Swedish per-capitaelec-
tricity use would be reduced by about
20 %. Per-capita electricity use in the
USA isabout one percentage point lower
thanin Sweden, whilethat in theindustri-
alised European countries is only about
half that in Sweden. Another factor of
considerableimportancefor the high per-
capital electricity use in Sweden is the
early change from oil-based to electric
heating. Discussions are now in progress
in Sweden on more frequent meter read-
ingsin order toincrease consumers aware-
ness of costs and the use of electricity.
Sweden is one of the world's coun-
triesthat have a high proportion of hydro
power and nuclear power in their elec-
tricity production. Only Iceland, Switzer-
land, Norway and Canada have higher
proportions of hydro power, while only
France and Belgium have higher propor-
tions of nuclear power. Inthe USA, Ger-
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many, Holland and the UK, fossil fuels
provide over 60 % of electricity produc-
tion. Biofuelsstill account for only avery
small part of electricity productionin the
industrialised countries, being not more
than 1-2 % in many countries. Finland,
however, is an exception, with 13 % of
itselectricity being produced by combus-
tion of biofuels. Electricity productionin
Sweden from combustion processes is
relatively small, and is based primarily
onfossil fuelsasfuelsused for electricity
production are exempt from carbon diox-
idetax. About half of the EU’ selectricity
production is based on fossil fuels, with
somewhat over 30 % on nuclear power,
14 % on hydro power and less than 2 %
on biofuels and refuse.

Biofuels

In 2001, the use of biofuels, peat etc.

amounted to over 97 TWh. These fuels

are mainly indigenous, and consist of:

» Wood fuels (logs, bark, chips and en-
ergy forest),

e Black liquorsin pulp mills

* Peat

* Refuse

e Straw and energy grasses.

Biofuels can be processed into pellets,
briquettes or powder in order to increase
their energy density and to simplify hand-
ling. They are used mainly in the forest
productsindustry, district heating plants,
the detached house sector and for elec-
tricity production. Theavailability of raw
materials for biofuels is good. It is esti-
mated that, by 2010, the potential for the
use of biofuelsin Sweden will be about
160 TWhE, Thereisarelatively extensive

¢ Swedish Energy Agency, Climate Report 2001.

TWh

0
Pulp industry
black liquors

30

Pulp industry byproducts, other

commercia importation of biofuels, a-
though it is difficult to obtain statistics
and quantities are difficult to estimate. In
the national statistics for the country’s
energy balance, they are included as in-
digenously produced, based on the use
statistics. The investigations into the im-
port quantities indicate a figure in the
range 5-9 TWh, which means that they
are a significant raw material energy
source.

The forest products industry

For economic reasons, the forest prod-
ucts industry uses the by-products from
various manufacturing processes for the
production of heat and electricity. Black
liquorsremaining after chemical process-
ing of wood to produce wood pulp are
burnt to recover chemicals. Black liquors
are produced and used only within the
pulpindustry: in 2001, they provided 34.5
TWh of energy (excluding el ectricity pro-
duction). Wood fuels, in the form of raw
materials residues, are used both in the
pulp industry and in sawmills. They con-
sist mainly of wood chips, bark and other

TWh

waste products. In 2001, the pulp indus-
try used atotal of 7.7 TWh of wood fuels
for energy production, while sawmillsand
other woodworking industries used 8.3
TWh of wood fuels. Other industry sec-
tors used 0.7 TWh of biofuels.

District heating plants

About 30 TWh of biofuels, peat etc. were
used for heat production in district heat-
ing plants in 2001. Of this, wood fuels
accounted for 18.6 TWh, tall ail pitch for
1.3 TWh, refuse for 5 TWh, peat for 3.5
TWh and other fuelsfor 1.5 TWh.

The use of wood fuels by the district
heating sector has increased by a factor
of fivesince 1990. Themain form of these
fuels is felling wastes and by-products
from the forest products industry. How-
ever, processed fuels, such as briquettes
and pellets, have also been increasingly
used in recent years, amounting to atotal
of 3.7 TWh in 2000.

Refuse has been used for district heat-
ing production since the 1970s, and pro-
vided 5 TWh of energy in 2001. New
regulations came into force on 1st Janu-

Figure 11a ¢ Use of biofuels, peat etc. in industry 1980-2001
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ary 20027, under which combustible
refuse must be separated from other
refuse, coupled with a ban on disposing
of unsorted combustible refuse to land-
fill. Refuse must be processed in some
way before disposal in landfill. Most
local authoritieswill probably choosein-
cineration, although in many cases there
is insufficient incineration capacity to
meet the need, which has resulted in a
number of applications to county coun-
cilsaround the country for dispensations
for landfill disposal. However, it is very
likely that incineration of refuse will in-
crease over the next few years. Since 1st
January 2002, landfill disposal has been
taxed at a rate of SEK 288/tonne of
refuse®. Refuse sent for combustion is
exempted from the tax, but the ash is
taxed. The EU Refuse Incineration Dir-
ective® introduces stricter emission and
monitoring requirements in respect of
traditional refuse incineration and of its
incineration with other fuelsin conven-
tional combustion plant. This directive
appliesto new plant with effect from 28th
December 2002, and to existing plants
from 28th December 2005.

The use of peat amounted to 3,5 TWh
in 2001, which isthe second highest quan-
tity to date.

7 SFS 2001:512 and SFS 2001:1063
8 SFS1999:673

Energy crops, such as energy planta-
tions, straw etc., have been used since the
beginning of the 1990s, although such use
is till relatively limited, amounting to
about 0.9 TWh in recent years. Energy
plantations dominate over the use of straw
fuels. Although there is considerable po-
tential for greater use, the area planted with
such crops has remained a most unchanged
in recent years, amounting to somewhat
less than 15 000 hectaresin 2001.

The detached house sector

Over 9,3 TWh of biofuels, peat etc., main-
ly in the form of logs, were used in de-
tached houses for heating in 2001. Wood
firing is commonest among property-

TWh Figure 12a ¢ Use of biofuels, peat etc. in district heating 1980-2001
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owners with good access to forests, e.g.
in agricultura or rura areas. The use of
pellets is till relatively modest in this
sector, amounting to 0.5 TWh in 2001.

Electricity production

4.4 TWh of biofuels were used for elec-
tricity production during the year. 2.6
TWh of biofuels were used in industrial
back-pressure plants for the production
of 2.2 TWh of electricity, with black li-
quors and wood fuels accounting for vir-
tually theentire quantity. 1.8 TWh of bio-
fuels were used in cogeneration plants
supplying district heating, producing 1.5
TWh of electricity.
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An international context
Seen in a European perspective, Sweden
acquitsitself well interms of its high pro-
portion of biofuels, making up about 16 %
of its energy supply. It is difficult to find
fully comparable details of biofuel usein
other countries, although there are factors
that have a considerable effect on their
use: good availability of forests, a devel-
oped forest products industry and wide
existence of district heating systems. This
means that, of the European countries, it
is Sweden and Finland that make use of
the highest proportions of biofuelsin their
respective energy systems. Other coun-
trieswith high volumes of biofuels, but in
which the share of the energysystem is
rather small, are Germany, France, the UK,
Romaniaand Austria.

In a global perspective, biofuels are
the most important fuels for most of the
third world’s popul ations.

District heating
and district cooling

District heating and district cooling are
similar energy supply systems. District
heating began to establish itself firmly in
Sweden during the 1950s, but district
cooling did not appear until the 1990s.
District heating suppliesresidential build-
ings, commercia premisesand industries
with heat for space heating and domestic
hot water production. District cooling, on
the other hand, finds amarket almost ex-
clusively in the commercia sector for
air-conditioning of shopsand offices, and
areinindustry for process cooling. While
district cooling tends to be confined to
the centres of towns, district heating has
awider geographic spread, extending out
to the suburbs of urban areas. On aver-

TWh

50
Industry

Residential, commercial,

age, district cooling is more expensive
per kWh than district heating: the aver-
age price of district heating in Sweden is
about 40 6re/kWh?°, while that of district
cooling is over 50 6re/lkWh', District
cooling issupplied by the district heating
utilities, and the two production systems
are often integrated with each other.

District heating

District heating isthe centralised produc-
tion and supply of hot water, distributed
through a piping system and used for the
space heating of buildings, primarily in
urban areas. It is one of many forms of
heating on the heating market, and ischar-
acterised by the fact that there is a con-
tractual arrangement, usually for asome-
what longer term, between the supplier
and the user. It is produced in hot water
boiler plants or cogeneration plants
(CHP). Smaller heat distribution systems
supplying heat to alimited residential area
are known as group heating systems, and

10VAT excluded

are generally smaller than district heat-
ing systems.

District heating ismost competitivein
areas of high building density, which
meansthat most systemstend to befound
in areas where they are supplying apart-
ment buildings and commercial premises.
High capital costs for the mains network
mean that it is difficult for systems to
achieveviability inlow-density detached
house areas, where the ratio of mains
length to kWh of heat supplied increases.
However, several new types of district
heating distribution systems, suitable for
usein smaller urban areas, have been de-
veloped in the last few years, and are
used in what are referred to aslocal heat-
ing systems. Using simplified technolo-
gy, it can be viable for such systems to
cover areas of lower |oad density.

Local authorities began to look at dis-
trict heating during the latter half of the
1940s. Sweden'’ sfirst public district heat-
ing system was started in Karlstad in
1948. Its use spread during the 1950sand
1960s as aresult of the extensive invest-

TWh Figure 13a ¢ Use of district heating 1970-2001
60
50
Industry
40
30
20 ——
Residential, commercial, service sector etc.
10
Losses
70 75 80 85 90 95 00

Losses

service sectors etc.

40

Figure 13b ¢ Use of district heating by sectors
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ments in new housing and other build-
ings and in conjunction with a substan-
tial need for modernisation or replace-
ment of boilers in the country’s existing
building stock. Group heating systems
were gradually linked up to form larger
systems, with a particularly substantial
expansion of district heating over the pe-
riod from 1975 to 1985, due to the lat-
ter’sability to replace il throughitsflex-
ibility of fuel use.

Energy policy has favoured district
heating through variousforms of state sup-
port, e.g. grantsfor the extension of exist-
ing district heating systems and the con-
nection of group heating systemsand even
individua buildings to existing systems.
Replacing amultitude of small individual
boilersby district heating enablesthe heat
to be supplied from amuch smaller number
of larger boilers with high efficiency, re-
ducing both fuel requirements and emis-
sions from heating of residential build-
ings and commercial premises.

Today, investment support isavailable
for biofuel-based CHP. The 1997 energy
policy programme introduced grants for
investment in district heating systems.
However, take-up was poor, due to the
fact that the costs for extension of mains
and conversion of electrical heated build-
ings were too high, and the grants were
withdrawnin 1999. They have since been
reinstated, but will cease at the end of
2002, when the short-term element of the
1997 energy policy program expires.

District heating isnot price-controlled,
although the regular price comparisons
by the Public Service Fee Group™ and
the Agency’ s annual surveys of the heat-
ing markets provideinformation on price
differences between areas. Pressure for
pricecontrol, which could perhapsbejus-
tified by the presence of local district heat-
ing monopolies, comes from anumber of
sources, including the the Swedish Com-
petition Authority. The possibility of
opening district heating networksto com-
petition, by providing accessto third par-
ties, is being discussed at present.

Today, district heating supplies over
40 % of the total residential and com-
mercial premises heating requirement. It

1 Formed by housing companies, the Property Owners
Association and the Tenants Association and moni-
torslocal authority charges for heating, domestic hot
water, water, sewage treatment, electricity and pub-
lic waste management.
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Figure 14 ¢ District cooling supplied 1992-2001 GWh
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isthe commonest form of heating in apart-
ment buildings, supplying heat to about
75 % of the heated floor area, while over
50 % of commercial and similar prem-
ises are heated by it. In detached houses,
on the other hand, the proportion is only
about 8.5 %.

The country has about 12 000 km of
distribution mains. 45.7 TWh of district
heating were supplied in 2001. Of this,
about 60 % was used for residential space
heating, aimost 30 % for heating com-
mercial premises and over 10 % by in-
dustry.

The fuels mix in district heating plants
has changed considerably over the last 20
years. In 1980, over 90 % of thefuel input
for district heating and CHP plantswasin
the form of oil. Nowadays, the fuel mix is
more varied, with biofuelsbeing the main
energy source. The change to other en-
ergy sources can be partly explained by
the carbon dioxide tax, which has reduced
the use of fossil fuels. Another reason has
been the good availability of electricity
for several years, favouring the use of heat
pumps and electric boilers.

Total energy supply in 2001 was 52.1
TWh, of which biofuels accounted for
29.9 TWh, or somewhat over 57 % of
total energy supply.

The use of electricity in the sector,
with most of it being accounted for by
electric boilers and heat pumps, has fall-
en substantially since 1990. Most of this
reduction has been in the use of electric

— —] 200

— 100

01

boilers, with the electrical energy input
to heat pumps remaining relatively con-
stant. This reduction is due primarily to
the fact that tax exemption for interrupt-
ible suppliesto electric boilers was with-
drawn in 1991, and that the previous spe-
cia contracts between electricity produ-
cers and district heating suppliers were
terminated in connection with restructur-
ing of theelectricity market in 1996. Tax-
ation on electric boilers during the winter
was increased in 1998.

District heating losseshavefalen since
the 1980s. Today, distribution and con-
version losses account for somewhat over
12 % of thetotal energy input: during the
1980s, losses were about 20 %.

Until the beginning of the 1980s, most
district heating systems were operated as
local authority services. However, dur-
ing the 1980s and 1990s, most have been
restructured as limited companies owned
by the local authorities. Today, there are
about 220 companies supplying heat in
Sweden, athough many have common
owners. There has been considerable
consolidation of ownership since 1996,
with Vattenfall and Sydkraft being particu-
larly active in purchasing local authority
energy utilities, including their district heat-
ing businesses. Of the Swedish District
Heating Association’s about 170 member
companies, 63 % are owned by local au-
thorities, 21 % are privately owned, 8 %
are owned by the state and 6 % are still
operated as local authority services.

4
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District cooling

District cooling is used primarily in of-
fices and commercia premises, as well
as for cooling of various industria pro-
cesses. Its principle is similar to that of
district heating: cold water is produced
in a large central plant and distributed
through pipes to customers.

District cooling can be provided by a
property-owner for the property. The Na-
tional Property Board, for example, pro-
videsdistrict cooling for parts of the Gov-
ernment offices in Stockholm, while the
Civil Aviation Administration operatesa
district cooling system at Arlanda. The
statistics provide data only for commer-
cia district cooling, i.e. with the supplier
and consumers being different parties. So
far, itisonly existing district heating sup-
pliers that have established commercial
district cooling systems.

There are severa ways in which dis-
trict cooling can be produced. Many dis-
trict heating companies use waste heat or
lakewater asaheat sourcefor heat pumps
to producedistrict heating: for every three
units of district heat, two units of cold
water can be produced for district cool-
ing. Another way isto install an absorp-
tion refrigeration plant at or near a cus-
tomer’s premises, powered by district
heating. A further alternativeissimply to
use cold water from the sea or alake.

Thecountry’ sfirst district cooling sys-
tem was started up in Vasterds in 1992.

In 1995, Stockholm Energi (nowadays
Birka Varme Stockholm AB) followed
with the supply of district cooling to cen-
tral Stockholm, based on sea water cool-
ing from LillaVéartan. By combining this
with the cooling from the cooled Lilla
Vértan water that had been used as the
heat source for Stockholm Energi’slarge
district heating heat pump, it was pos-
sible to guarantee low district cooling
temperatures even at times when the sea
water alone was too warm.

The market for district cooling has
expanded strongly since its introduction
in 1992, powered by such factors as new
building regulations, higher internal heat

loads in offices and shops and greater
awareness of the importance of good
working conditions. Property ownerswho
already have contracts with district cool-
ing suppliers in one town may ask for
district cooling in other towns. The mar-
ket hasfurther been assisted by the phase-
out of ozone-depleting refrigerants, as
property owners have been forced to buy
new equipment, convert existing equip-
ment or find other solutions for provid-
ing air conditioning.

At the beginning of 2002, there were
26 commercia district cooling suppliers,
some operating morethan one system. The
length of mainsamounted to over 118 km,

TWh Figure 15a ¢ Energy supplies to district heating 1970-2001
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through which 425 GWh of district cool-
ing were supplied. It is expected that de-
liveries will increase in coming years.

The Oil Market

In recent years, the international oil mar-
ket has experienced major price changes.
From the record low levels of 1998, the
average prices of Brent crude rose by
40 % during 1999 to over USD 18 per
barrel. Prices continued to rise by a fur-
ther 60 % in 2000, reaching USD 29 per
barrel. The pricefell by 15 % in 2001, to
just below USD 25 per barrel. During the
first two quarters of 2002, the one-month
price has varied between USD 19 and
USD 26 per barrel.

The price rise started at the beginning
of 1999, when the major OPEC oil-pro-
ducing states agreed to reduce output in
order to raise the low world market price.
The price rose rapidly, so that it is today
more than 100 % higher than it was be-
forethe production cutbacks started. How-
ever, thismassiverise cannot be explained
solely by the fact that the OPEC countries
reduced output. During 2000, and up to
the middle of 2002, total production has
been higher than it was in 1998: in other
words, thereisno shortage of il at present.
Nevertheless, prices have remained high.
Possible explanations are the unsettled
situationinthe Middle East, market jitters
as to whether the OPEC countries will
maintain their production and how large
the stocks of oil inthe USA and Asiaare.

There are many psychological factors
involved when attempting to explain price
changes in the oil market: expectations
of a cold winter, for example, as there
has been a run of mild winters in recent
years. At the beginning of September
2002, the futures prices of oil for deliv-
ery at the end of the year was somewhat
higher than the spot price, which indi-
cates that the market is expecting future
priceincreases. Pricesare expected tofall
in 2003 and 2004.

Oil Production

Production methods for crude oil have
become more efficient. Advanced com-
puter methods have made it simpler to
prospect for oil and to bring oil wellson
line. New technology has also made it
possible to extract more oil from each

Figure 16 « Swedish imports of crude oil and petroleum products,
Mton 1972-2001 by country of origin (million tonnes, net)
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well. This has reduced the cost of recov-
ering the ail, and thus improved the po-
tential for lower future prices. However,
this price reduction potential cannot op-
erate aslong as output is restricted.

Between 1991 and 2001, world oil pro-
duction increased by over 14 %, amount-
ing to amost 74.5 million barrelsg/day in
2001. OPEC’'s member states account for
about 40 % of this, and possess 78 % of
reserves, which thus gives them a consid-
erablehold over the oil market. Other major
oil producersare Norway, Mexico, Russia
and the USA. During 2001, the OPEC
states' oil production has been reduced on
three occasions, by atotal of 3.5 million
barrels/day. OPEC further reduced its out-
put by 1.5 million barrels/day on 1st Janu-
ary 2002, coupled with a reduction of al-
most 0.5 million barrels/day by an number
of non-OPEC countries. OPEC’s strategy
is to maintain the price of oil at between
USD 22 and USD 28/barrel.

The demand for oil

In 1999, the economic situation in Asia
improved, resulting in the demand for oil
approaching normal levels again. Total
demand during that year was 75.4 mil-
lion barrels/day, increasing to 76.2 mil-
lion barrels/day in 2000 and 76.4 million
barrels/day in 2001. During thefirst quar-
ter of 2002, total demand increased to
76.7 million barrels/day, only to fal to
75.4 million barrels/day during the sec-
ond quarter.

90 95 00

Futuretotal demand for oil will depend
largely on world economic devel opments.
An |EA forecast in August 2002 expects
total world demand in 2002 to rise by
0.3 %, followed by afurther 1.4 %risein
2003. During 2001, the greatest percent-
age increase in demand occurred in the
Middle East, while Europe showed the
greatest increasein absolute volumeterms.
During 2002 and 2003, Chinaand the Mid-
dle East are expected to be the areas show-
ing the greatest increase in demand.

Swedish oil supply

As with al other countries, Sweden is
affected by the high world market prices
of oil. However, as Swedish energy pol-
icy since the ail crises of the 1970s has
been to reduce the country’ soil consump-
tion, use of oil hasfallen by almost 50 %
since 1970. It is, in particular, the use of
oil for heating that has declined: oil has
been replaced by electricity and district
heating for heating purposes, although the
expansions of nuclear power production
and the natural gas distribution network
have also played their parts.

Use of oil in Sweden rose by 1 % be-
tween 2000 and 2001. The total use of oil
in 2001 (including that for foreign mari-
time traffic) amounted to 16,9 million m2,
66 % of al oil consumption was for trans-
port.

Sweden’simport trade in oil products
isamost 80 % greater than the country’s

O
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actual use of the products. The substan-
tial import of ail is due to the fact that
much of the ail is refined in the country
and then re-exported. The export propor-
tion has risen from 25 % of Sweden's
production of oil productsin 1986 to 47 %
in 2001.

Almost 40 % of Sweden’s total im-
port of oil products, and 46 % of the coun-
try’s crude oil imports, comes from Nor-
way. A further 12 % of crude oil imports
come from Denmark.

The Coal Market

Coal isdivided into two types: hard coal
and brown coal, which havedifferent cal-
orific values. Hard coa is a relatively
high-value coal, while brown coal has a
lower energy content. Sweden uses al-
most exclusively hard coal. Hard codl is
divided traditionally into two categories:
coking or metallurgical coal, which is
used in the iron and steel industry, and
steam coal, which is sometimes also re-
ferred to as energy coal, and is used for
energy supplies.

The coal industry has been suffering
from surplus capacity since the middle of
the 1980s, which has resulted in afal in
the price of coal until 1999. Prices start-
ed to rise again in 2000, reaching a peak
in January 2002, since when they have
fallen somewhat. The five major export-
ing countriesare Australia, South Africa,

Million m3

v Medium-heavy fuel oils Gas oil

Figure 18 ¢ Spot (nominal) and

Rolabee real prices of light crude 1970-2001
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Figure 17a ¢ Swedish use of oil products 1970-2001
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China, Indonesia and the USA, together
accounting for over 70 % of world trade
in coal. If production continues at the
present rate, estimated and economically
profitable reserves would last for over
200years. Thelargest accessiblereserves
of hard coa are in Russia, the Ukraine,
Chinaand the USA, while the largest re-
serves of brown coal are in Russia, the
USA, Eastern Europe and Australia.

Sweden’s coal supply

Coal played an important part in Swe-
den’ senergy supply up to the 1950s, when
it lost ground to the cheaper and more
easily handled oil. The oil crises of the
1970s, with their steep rises in the price
of oil, contributed to coal again becom-
ing an interesting aternative fuel for rea-
sons of priceand security of supply. Dur-
ing the 1990s, the increasingly stringent
environmental standardsimposed on cod
firing, together with rising taxation, have
meant that the use of coal for district heat-
ing has stagnated, although other uses
haveincreased somewhat. A total of 3.28
million tonnes of hard coal was used in
Sweden in 2001. 1.92 million tonnes of
this were coking coal, leaving 1.36 mil-
lion tonnes for energy purposes. To this
must be added a net import of 0.33 mil-
lion tonnes of coke.

The use of coal in industry

Industry uses energy coal, metallurgical
coal, coke and smaller quantities of other
coal products such as graphite and pitch.
Cokeisessentialy pure carbon, produced
in coke ovens from metalurgical coal.
The coking process also produces gas,
which isused for energy purposes either
in the iron and steel industry or for other
purposesinthevicinity of the plants. Coke
itself isusedin theiron and steel industry
for reduction of the iron ore and as an
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1500
Heating plants

1200

Combined heat and power plants

energy input to the process. Some of the
energy content of the coke is converted
to blast furnace gas, which is, in turn,
used for energy purposes either in the
industry or in the district heating sector.
1.92 million tonnes of metallurgical coal
were used in industry in 2001, together
with 0,87 million tonnes of energy coal
and the country’ sentire net import of 0.33
million tonnes of coke. The quantity of
energy coal correspond to 6.6 TWh.

District heating

and CHP production

The use of coa for district heating has
fallen considerably during the 1990s,
when the carbon dioxide and sul phur tax-
es were introduced. Plants that supply
only heat have abandoned coal amost
entirely as a fuel due to the high taxes,
replacing it by biofuels. However, CHP
plants still use some cod, as that propor-
tion of the coal used for electricity pro-
duction is exempt from energy and car-
bon dioxide tax. Some of the coking and

1000 tonnes
3000

blast furnace gasis also used by the dis-
trict heating sector. In 2001, the sector
used 0.48 million tonnes of energy coal
(3.7 TWh). Of this, 0.33 million tonnes
were used for electricity production
which, together with the coking oven and
blast furnace gas that was used for elec-
tricity production, gaveatota of 2.1 TWh
of electricity.

The Market
for Energy Gases

Sweden uses a relatively small quantity
of energy gasesin comparison with many
other European countries. However, the
distribution network for natural gas in
Sweden is being extended. The rest of
Europe is covered by an extensive nat-
ural gas distribution network. The use of
natural gas in Europe has increased over
the last couple of decades, primarily by
replacing coa and oil.

O

Figure 19a ¢ Swedish use of energy coal 1985-2001
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Figure 19b ¢ Swedish use of energy coal by sectors
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Natural gas

Natura gas was introduced to Sweden in
1985, since when use has gradualy in-
creased, stabilising at the present level in
1992. In 2001, imports amounted to 917
million mé, equivalent to 8.9 TWh. Indus-
try, on the one hand, and CHP and district
heating plants on the other, each account
for about 40 % of total use, with domestic
consumers accounting for about 17 %. A
small amount of natural gas is also used
as motor fuel.

Natural gasisdistributed at present to 28
local areas, whereit provides about 20 % of
energy use. Onthe national scale, it supplies
somewhat over 1 % of total energy use.

The gas is supplied exclusively from
fields in the Danish sector of the North
Sea. After transiting Denmark, a pipeline
under Oresund brings the gas ashore at
Klagshamn outside Malm@. A trunk main
extends from Trelleborg in the south to
Gothenburg, with a number of branches,
including one to Hyltebruk in Sméaland.
NovaNaturgas AB owns, and is responsi-
ble for operation of, the trunk main, and
for importation and transportation of the
gas for other distribution companies.
Sydgas AB is responsible for the branch
mainsin southern Sweden, and isat present
building an extension of the system from
Hyltebruk to Gislaved and Gnosj6.

Svensk Naturgas AB, which was es-
tablished in 1999, isinvestigating exten-
sion of the system to Stockholm, the
Mélar Valey and Bergdagen. If afavour-
able decision is reached, the company
plans to start delivering natura gas to
customersin these areas from 2008.

Natural gas is a combustible mixture
of gaseous hydrocarbons, consisting
mainly of methane and — unlike coa and
oil —isamost completely free of sulphur
and heavy metals. Combustion also pro-
duces no solid residues, such as ash or
soot. The quantity of carbon dioxide pro-
duced by combustion is 25 % less than
that produced by release of the same
amount of thermal energy from ail, or
40 % less than from corresponding com-
bustion of coal.

LPG

Importsof LPG to Swedenin 2001 amoun-
ted to 882 000 tonnes, while 231 000 ton-
nes were exported. 580 000 tonnes were
supplied to the Swedish energy system,
equivalentto 7.4 TWh. LPG isused main-
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Figure 20 ¢ Supply and use of natural gas by sectors in Sweden 2001

Transport 1%
12 million m3

Electricity and
heating plants 37%
342 million m?

Supply of natural gas: 917 million m3

ly inindustry, as well as in the restaurant
trade and in agriculture. As LPG and ail
and also, to some extent, biofuelsareinter-
changeable fuelsin these applications, the
use of LPG is sensitive to changes in en-
ergy taxation or fuel prices. During 2001,
4.1 TWh of LPG were used in industry
and 0.3 TWh in district heating.

LPG is a petroleum product, consist-
ing of the hydrocarbons propane, propene
and butane, or mixturesthereof. It isusu-
ally stored in liquid form in rock caverns
at low temperature. Distributionisby rail
tank car, road tanker or by direct pipe-
lines. Itsenvironmental characteristicsare
very similar to those of natural gas, with
a very low sulphur content and a com-
plete absence of heavy metals.

Biogas

Biogas consists of methane, carbon diox-
ide, carbon monoxide etc. formed by the
breakdown of organic materials such as
sewage sludge, refuse or industrial waste
under anaerobic (oxygen-free) conditions.
The process, known as digestion, occurs
spontaneously in nature, e.g. in marshes.
Today, Sweden has about 100 biogas
plantsin operation, most of them in sew-
age treatment plants or at landfill sites,
producing digester gas and landfill gas
respectively. Most biogasisused for elec-
tricity and heat production. In 2000, 57
GWh were used for electricity produc-
tion and 316 GWh for heat production.
Biogas can a so be cleaned and distribut-
ed via the natural gas network as ‘green
natural gas'. It isalso used for powering
vehicles: interest in the gasfor this appli-
cation hasincreased in recent years. Bio-

Residential, commercial,
service sector etc. 17%
152 million m3

Losses in gasworks and
coking plants etc. 1%

13 million m3

Industry 44%
399 million m3

Note: The sum of the individual items may not
always agree exactly with the totals as shown,
due to statistical rounding.

gas is used primarily in local bus fleets
and for urban distribution vehicles.

Town gas

Town gasis produced by cracking naph-
tha. SE Gas AB in Stockholm isthe only
producer of such gas in the country: the
town gasused in Mamé and Gothenburg
nowadays consists of natural gas mixed
with a small proportion of air. It is used
for heating detached houses, larger prop-
erties and industries, aswell asfor cook-
ing in homes and restaurants. 0.5 TWh of
town gas were used in 2001.

Hydrogen

Pure hydrogen does not occur naturally,
but must be produced from sources such
as methanol, L PG, natural gasor by elec-
trolysisof water. Production of hydrogen
is an energy-intensive process. to pro-
duce hydrogen with an energy content of
100 kWh requires about 125 kWh of elec-
tricity. Research is in progress, with the
aim of improving production technology
and developing effective means of stor-
age. Hydrogen isused today primarily by
the chemical industry, but can also be
used as a fuel in fuel cells, where it is
converted to electricity and heat.

Natural gas internationally

In Sweden, natural gasis amarginal en-
ergy source. In the EU countries and in
the world as a whole, this proportion
rises to somewhat over 20 %.

The world's natural gas reserves are
substantia: at the end of 2001, commer-
cidly viablereservesamounted to 155 000
x 109 m?, which would last for over 60



years at the present rate of use, with
present technologies and present prices.
Most of thereservesareto befoundinthe
former Soviet Union (36 %) and in the
Middle East (36 %). The world propor-
tion of total energy supply met by gas has
grown rapidly over the last decade, so
that it is nowadays the fastest growing
primary energy source in the world.

Natural gas is included in the EU’s
strategy for creating asingle energy mar-
ket. Over the last couple of decades, na-
tional natural gas systems have been ex-
panded and linked, to form an extensive
European natura gas network. The EU
Natural Gas Directive wasissued in Feb-
ruary 1998, with the aim of increasing
competition on the European natural gas
market. In practice, however, liberalisa-
tion of the natural gas marketsin Europe
is proceeding at different rates. The di-
rective is due to be implemented in three
stages, with those customers (known as
eligible customers) who are ableto choose
their supplierstaking at least 20 % of the
total consumption in their national mar-
ket by 2000, progressively increasing to
28 % in 2003 and 33 % in 2008. It isthe
largest usersof gas, i.e. theelectricity gen-
eration sector and industry, that will be
given access to the deregulated market
first. The directive was incorporated in
Swedish legislation on 1st August 2000,
in the form of anew Natural Gas Act.

The EU Commission put forward are-
vised draft in June 2002, with the aim of
accelerating the liberalisation of the elec-
tricity and gas markets. One of the main
proposalsisto alow all non-domestic cus-
tomers to be designated as dligible cus-
tomers by not later than 1st January 2004.
In addition, it is proposed that all custom-
ers should be eligible customers by 1st
January 2005. If the proposal is approved
during the EU presidency of Denmark, it
is hoped that the gas markets will be fully
liberalised by 2005.

The EU sees arole for natural gasin
itswork of reducing environmentally haz-
ardous emissions, primarily by replacing
coal and oil and through the potential for
efficient electricity production. The pro-
portion of natural gas consumption ac-
counted for by the electricity sector is
therefore expected to increase consider-
ably over the next ten years. Total use of
natural gas is also expected to increase
substantialy.

Figure 21 » World production of natural gas, 2001, billion m3
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Figure 22 » World use of natural gas, 2001, billion m3
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Only 3,1 % of the earth’s natural gas
reservesliewithin Europe. At the present
rate of use, this would last for only 16
years. Over the last decade, natural gas
supplies to the EU states have been in-
creasingly based on production from the
North Sea and imports from Russia and
Algeria.

In order to increase the security of sup-
ply, there is European interest in increas-
ing the number of links between the Rus-
sian and Norwegian natural gasfieldsand
the continent. At the sixth summit meet-
ing between the EU and Russia in Octo-
ber 2000, agreement wasreached between
the chairman of the EU Commission and
the Russian president on starting a dia-
logue on energy matters. The objectives
include identification of joint working ar-
eas, e.g. investmentsin the energy sector.

In recent years, several investigations
have been carried out into the commer-

North America, 723

Central- and South America, 97

EU, 382

Rest of Europe excl.
former USSR, 89

cia feasibility of extending the natura
gas network in Europe.

TheNorth Transgas project, whichwas
carried out jointly by Finnish Fortum and
Gazprom, looked at threeroutesfor build-
ing a gas pipeline from Finland to Ger-
many. One of the alternatives involved
routing the pipe via Sweden: however,
the Trade and I ndustry Committee (1998/
99:NUB8) decided that alarge-scaleintro-
duction of natura gas, or a new natural
gas pipeline through Sweden, is not of
interest at present.

Since 1999, Sydgas AB, together with
Verbundnetz Gas, Sjadlandske Kraft-
vagker and Norsk Hydro, have again been
investigating the construction of anatural
gasnetwork between Germany, Denmark
and Sweden, to be known as the Baltic
Gas Interconnector (BGI). If permission
is granted by the beginning of 2002, the
project could be completed by 2006. =
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Energy use

The use of energy can be divided up into three sectors: the residential and
service sector etc., industry and transport. This chapter describes energy
use in 2000/2001 and devel opment since 1970 for each sector.

Residential and
Service Sector etc.

In 2001, energy usein thissector amount-
edto 156.2 TWh, whichis8.4 TWh more
than during the previous year. It repre-
sented almost 39 % of Sweden’s total
final energy use.

About 86 % of the energy use in this
sector is for space heating, domestic hot
water production and the powering of
domestic appliances. Energy usedinland
use applications accounts for about 5 %
of total energy use in the sector; holiday
homes account for another 2 %, and other
service applicationsfor 7 %. These latter
applications include energy use in the
building sector, street lighting, water-
works, sewage treatment plantsand elec-
tricity works.

Over 60 % of the energy use in the
sector is used for space heating and do-
mestic hot water production. As this is
affected by temperature conditions, there
can be considerable variations in energy
demand from one year to another. To en-
able proper comparisonsto be made, itis
necessary to correct for climatic condi-
tions. 2001 was amost 7 % warmer than
astatistically average year, which means
that the amount of energy used for space
heating was lower than normal. After ap-
plying such correction, energy usein the
sector in 2001 amounted to 159.4 TWh, a
reduction of 0.8 % relative to 2000.

Total energy use

has remained stable

The total temperature-corrected energy
use in the sector has remained relatively
static between 1970 and 2001, although
the relative proportions between the dif-
ferent energy carriers have changed. Qil
crises, rising energy prices, changes in
energy taxation and investment pro-
grammes have all affected the movefrom
oil to other energy carriers. In 2001, total
use of fossil fuelsin the sector amounted
to 26.8 TWh, as against 118.6 TWh in
1970. Much of this reduction isdueto a
shift from the use of ail for heating to
electricity and district heating. However,
the figures do not include the fossil fuels

used for producing the electricity and dis-
trict heating.

The number of dwelling units, i.e.
single-family houses and apartments in
apartment buildings, increased by almost
40 % between 1970 and 2001. However,
therate of new building during the 1990s
was very low, amounting on average to
14 300 dwelling units per year, which can
partly explain why energy usein the sec-
tor hasnot increased in recent years. 2001,
however, saw anincrease, withwork start-
ing on 19 200 dwelling units. Floor areas
of commercial premises have increased
substantially since 1970, thus also affect-
ing the demand for heating, domestic hot
water and electricity for building services
systems.

The use of electricity has grown con-
tinuously from 1970 until the middle of
the 1990s, stabilising at about 70 TWhin
recent years. It is used for heating, do-
mestic electricity and building services
systems.

Figure 23a ¢ Final energy use within
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twh Figure 23b ¢ Final energy use within the residential, commercial, service sector etc. by types of energy carriers
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Heating and domestic hot water

Of the 93 TWh that were used for space
heating and domestic hot water produc-
tion in 2000, it is estimated that about
44 % were used in detached houses, 30 %
in apartment buildings and 26 % in com-
mercial premises and public buildings.

Over athird of all detached housesin
the country were heated by electricity
adone in 2001. Approximately 19 % of
detached houses have only direct-acting
electric heating, with 15 % having water-
borne electric heating. About 11 % of
detached houses are heated by oil alone,
7 % by district heating and 5 % by bio-
fuelsalone. The main reason for the high
proportion of electric heating isthat it is
cheap to install and simple to run. The
use of electric heating increased substan-
tially in the sector from 1970 to 1990,
with the increase being greatest up to the
first half of the 1980s. The use of electric
heating in detached housesremained rela-
tively stable during the 1990s. Conver-
sion grants for changing from electric
heating to some other form of heating
were re-introduced on 1st June 2001.
These grantsare also availablefor partial
conversions, with electric heating being
combined with, for example, heat pumps,
apellets-fired stove or awood chip- burn-
ing boiler.

Another common heating system in
detached housesis electricity in combin-
ation with biofuelsand/or oil firing, which
alows usersto change between electrici-
ty, oil or biofuels. The proportion of de-
tached houses with such systemsis over
30 %. They arethereforerelatively flexi-
bleintheir choice of fuel, with the selec-
tion being largely determined by the rel-
ative price levels of the different energy
carriers. The total use of electricity for
space heating in detached houses and ag-

ricultural propertiesamounted to 13 TWh
in 2001.

District heating isthe commonest form
of heating in apartment buildings, with
about 75 % of apartments being heated
by it, equivalent to ause of about 22 TWh.
Oil isused asthe sole or main heat source
for 10 % of apartments, equivalent to 3
TWh of ail. Theuse of electric heating in
apartment buildings is relatively low,
amounting to 2 TWh in 2000.

The main source of heat in offices,
commercia premises and public build-
ings is aso district heating, with about
55 % of such buildings being supplied,
equivalent to 15 TWh. The use of elec-
tricity for space heating and domestic hot
water production in commercial prem-
isesamounted to 4 TWh, while 5 TWh of
oil were also used for this purpose.

Domestic electricity

The use of electricity for domestic pur-
poses doubled between 1970 and 2000,
from 9.2 TWhto 17.7 TWh, with most of

this increase occurring during the 1970s
and 1980s. Over the last ten years, use
has been relatively stable. Therising use
of domestic electricity can be explained
by an increase in the number of house-
holds and greater ownership of domestic
appliances.

Building services systems

The use of electricity for equipment in
commercial premises and for building
services systems has increased substan-
tially, from8.4 TWhin1970t0 29.9 TWh
in 2000. The reasons for this develop-
ment include rapid growth in the service
sector and greater use of office machines.
The high growth rate of private and pub-
licserviceshasalsoresultedinarelative-
ly substantial increase in the tota floor
area of officesand commercial premises,
which hasincreased the need for lighting
and other services. Lighting and ventila-
tion which, at the beginning of the 1990s,
accounted for about 70 % of the use of
electricity in building services systems,

O

Figure 24a ¢ Electricity use in the residential, commercial,
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have become more efficient as aresult of
improved light sources, more sophisti-
cated operationa control and correct siz-
ing of systems at the time of installation.
Nevertheless, the potential for further im-
provements in the efficiency of electri-
city usein offices and commercial prem-
isesisstill regarded as considerable.

Energy saving measures
Despite an increase in total residential
and commercial floor areas, and in the
number of energy-demanding appliances
inuse, total temperature-corrected energy
use in the sector in 2001 was no higher
than during the 1970s. Severa factors
have helped to offset increased energy
use in the sector. On the heating front,
there has been a change from oil to other
energy carriers. In detached houses, this
change hasbeen mainly to the use of elec-
tric heating, whilein apartment buildings
it has been to district heating. Both these
changes have resulted in a reduction in
final energy use through reduced conver-
sion losses in the end use processes. The
mean annual efficiencies of electric heat-
ing and district heating are, on average,
higher than those for oil, which means
that replacing oil by electric heating or
district heating results in an overal re-
duction in final energy use.

The number of heat pumps in use has
increased considerably in recent years,

chased energy used for space heating and
domestic hot water production. Heat
pumps abstract heat from rock, earth, air
or water, and supply it to the building’'s
heating system. Heat pumps normally
deliver 2-3 times as much thermal en-
ergy asthey usein the form of electrica
energy for driving them. This ‘free’ heat
is not included in the statistics of the
amount of energy used in the sector.
Other factors that have helped to pre-
vent an increase in energy use for space
heating and domestic hot water produc-
tioninresidential buildings and commer-
cia premisesinclude varioustypes of en-
ergy conservation measures, such asretro-

fitting additional thermal insulation and
upgrading windows in older buildings.

The rate of increase of use of electric-
ity for domestic purposes and building
services systems hasbeen limited through
greater use of equipment with higher en-
ergy efficiencies.

Industry

In 2001, industry used 9.9 TWh less en-
ergy than during 2000, amounting to
150.2 TWh, or 38% of the country’s
final energy use.

TWh Figure 25a ¢ Final energy use in industry 1970-2001
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Classified by energy sourcel/carrier,
this consisted of 19.3 TWh of petroleum
products, 15.6 TWh of coal and cokeand
55.1 TWh of electricity. Use of natural
gas amounted to 3.9 TWh, and that of
district heating to 5.1 TWh. Supplies of
biofuels, peat etc. anounted to 51.2 TWh:
of this, about 42 TWh were used in the
pulp and paper industry, mainly in the
form of black liquors. Final energy usein
industry therefore consisted of 26 % of
fossil energy and 34 % of biofuels, peat
etc., with theremainder consisting of elec-
tricity and district heating.

In Sweden, asmall number of sectors
accounts for the bulk of energy use in
industry. The pulp and paper industry uses
about 47 %, the iron and steel industry
about 15 % and the chemical industry
about 7 %. Together, these three energy-
intensive sectors account for over two-
thirdsof total energy useinindustry. The
engineering industry, although not regard-
ed as energy-intensive, nevertheless ac-
countsfor aimost 7 % of total energy use
inindustry, asaresult of its high propor-
tion of total industria output in Sweden.

The relationship between
output and energy use
In the short term, energy use in industry
essentially followsvariationsinindustrial
output. In the longer term, it is affected
also by such factors as changes in the
types of goods produced, technical de-
velopment, taxes and energy prices.
Between 1990 and 1992, industrial
output fell by 6 % per annum, which was
reflected by a fall of amost 6 % in en-
ergy use over the period. Electricity use
in the sector aso fell, but by somewhat
more than 6 %, i.e. by more than the fall
in total energy use, asthe recession tend-
ed to hit the electricity-intensive sectors
harder than other industrial sectors.
Industrial output increased again in
1993, and continued to rise substantially
until 2000. Thiswasfollowed by adown-
turnin 2001, with a negative growth rate
for industry as a whole. Output volume
in 2001 was amost 70 % higher than in
1992, while energy use was only 13 %
higher. During the same period, the use
of electricity increased by 5,4 TWh, or
11 %. When comparing the time period
from 1975-1997 with that from 1990—
1997, it can be seen that the relationship
between energy use and increased indus-

Figure 26 ¢ Specific use of oil in industry
kWh/SEK of production value 1970-2001, 1991 price level
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Figure 28 ¢ Use of oil and electricity in industry 1955-2001
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trial output hasfallen by about 40 %, due
to such factors as technical development
and structura changes in the sector.

Changes in oil and electricity use
Despite rising industria output, the use
of ail hasfallen substantially since 1970,
due to greater use of electricity and im-
provements in the efficiency of energy
use. Thistrend started in connection with
theoil crises of the 1970s, which resulted
in both state and business starting inten-
sive work aimed at reducing the use of
oil. In 1970, the use of electricity consti-
tuted only 21 % of industry’s total en-
ergy use, which can be compared with the
present proportion of 37 %. At the same
time, the use of oil hasfallen from 48 %to
13 % in terms of industry’s energy use.
Between 1970 and 2001, the proportion of
biofuels, peat etc. hasincreased from 21 %
to 34 % of total industria energy use. How-
ever, over the period from 1992 to 2001,
the use of oil products increased by 1.9
TWh, or 11 %. Among the factors contrib-
uting to thisincrease have been higher out-
put, lower energy and carbon dioxidetaxes
and greater use of oil as areplacement for
interruptible electric bailers.

Changes in specific energy use
Specific energy use, i.e. the amount of
energy used per monetary unit of output
of value, provides ameasure of how effi-
ciently the energy is being used. Since
1970, specific energy usein industry has
fallen continuously: between 1970 and
2001, it fell by 52 %, showing a clear
trend towards | ess energy-intensive prod-
ucts and production processes, together
with structural changesin the sector. Dur-
ing this period, industrial output value
has more than doubled.

The change from ail to other energy
carriers, particularly electricity, isreflect-
ed in the specific use of oil and electri-
city per unit of output value. Specific use
of oil fell by 81 % between 1970 and
1992, while specific use of electricity in-
creased by 23 %.

The upturn in the economy during the
1990s, coupled with changes in the en-
ergy taxation of industry, is reflected in
changesin specific energy use, which has
continuedtofall. Between 1992 and 2001,
it fell by 34 %, with specific use of ail
falling by 36 % and that of electricity fall-
ing by amost 34 %. More generally, the
reduction in specific energy useisdueto
the fact that production vaue has in-
creased considerably more than has en-
ergy use.

For several reasons, we can expect a
continued fall in specific energy use. Over
alonger period of time, specific energy
use has been reduced by technical devel-
opment and structural changes.

Transport

Energy use for transport (excluding for-
eign maritime traffic) in 2001 amounted
to 92 TWh, or 23 % of the country’ stotal
final domestic energy use. Foreign mari-
time transport used 16,5 TWh of bunker
oils. Energy use in the transport sector
consists amost entirely of oil products,
primarily petrol and diesel fuel. In 2001,
the use of these two fuels provided 85 %
of the country’s energy requirement for
domestic transport. The use of petrol in-
creased in 2001, after having shown a
declining trend over the previous few
years. The use of diesel fuel aso in-
creased, but that of aviation fuel and bun-
ker oils for foreign maritime traffic de-
creased. These reductions are due partly
to economic conditionsand partly to gen-
eral world unease. Useislargely depend-
ent on general economic conditions and
technical development. The two main
guide measures, intended to reduce the

TWh Figure 29a ¢ Final energy use in the transport sector 1970-2001
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use of energy by the transport sector, are
energy tax and carbon dioxide tax.

Alternative motor fuels

The use of aternative motor fuels, such
as ethanol and biogas, is at present mar-
gina, and accountsfor lessthan 0.5 % of
domestic transport energy use: the costs
of producing most of these fuels today
are higher than the corresponding costs
for petrol and diesel fuel. However, this
cost differentia is being eroded by tech-
nical developments and the introduction
of environmental levies. Several research
programmes are in progress, e.g. in the
fields of production technology and ve-
hicle technology.

Transport work

Since 1975, domestic passenger transport
work has increased by 50 %, so that it
amounted to 123 billion person-km in
2000. Road traffic accounts for 90 % of
passenger transport work. Railways carry
afurther 7 % and air travel 3 %. Domes-
tic goodstransport hasincreased by 34 %
since 1975, amounting 89 billion
tonne-km in 2000. Of this, 43 % were
carried by road, 22 % by rail and 35 %
by ship. In recent years, goods transport
by road has increased at the expense of
rail and ship transport.

Environmental impact

All forms of transport produce emissions
that are harmful to the environment and
to health. Although the introduction of
catalysers has substantially reduced the
emission of severa hazardous substances,
carbon dioxide emissions cannot be re-
duced in thisway, which meansthat they
have continued to grow in step with the
greater use of fossil fuels. It has been
found difficult to reach agreement on har-
monised fuel taxes within the EU. How-
ever, the European automotive industry
has entered into a voluntary agreement
with the EC to reduce carbon dioxide
emissions from new passenger cars by
25 % by 2008, relative to the 1995 lev-
els. Corresponding agreements have also
been reached with Japanese and Korean
vehicle manufacturers. Draft guidelines
were presented last year for a common
transport policy within the EU, intended
to concentrate on transferring freight
transport fromroad torail and water, €lim-
inating bottlenecks in the transport sys-
tem and introducing new principles for
pricing infrastructure and transport. In
addition, it isimportant to find a balance
between environmental consideration and
the substantial growth in air traffic, to
strengthen therights of consumersand to
enhance the position of the European

Union in international organisations.
March 2001 saw the start of aprogramme
under the name of Clean Air for Europe
(CAFE), with the long-term aim of de-
veloping strategic principles to protect
persons and the environment from air
pollution. It will beincorporated, through
technical analysesand political progress,
in the Sixth Environmental Action Pro-
gramme (6EAP) in 2004.

Technical development

Technology advances both through im-
provements in existing technology and
in the form of completely new technol o-
gies. Of the latter, those that are closest
toacommercial breakthrough in the next
ten years are hybrid vehicles, ethanol-
fuelled vehiclesand flexiblefuel vehicles
(FFV). Hybrid vehicles have two alter-
native drive systems, e.g. both an elec-
tric motor and acombustion engine. FFV's
can use different fuels simultaneously,
e.g. ethanol and petrol. Several of the
large vehicle manufacturers have already
launched passenger cars with alternative
drive systems, or will do so in the next
few years. However, looking further
ahead than ten years, the automotive in-
dustry is pinning considerable hopes on
fuel cell technology. [ ]
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The international perspective

World energy supply is dominated by fossil fuels, with oil being the most
important of them. However, there are major differences in the use of
energy between countries and between regions, duelargely to the differing
circumstancesin each country. One such factor can be the country’s GNP,
while others are industrial structure and climate. An International Energy
Agency forecast expects world demand for energy to increase by 2 % per
annum until 2020, with most of this increase being accounted for by the

developing countries.

Energy Supply in the EU

The EU is one of the heaviest energy-
consuming regionsin the world: approx-
imately 30 % of total OECD energy con-
sumption, and about 15 % of world en-
ergy consumption, isaccounted for by it.
However, in recent decades, energy con-
sumption in the EU has been rising more
slowly than in the rest of the world.

A mix of energy sources

Qil is the dominating energy source in
EU energy supply, and its use — particu-
larly in the transport sector — is continu-
ing to rise, so that it nowadays supplies
over 46 % of final energy use. However,
total use of oil in 1999 was somewhat
lower than during previous years. On the
other hand, the use of coal hasfallen con-
siderably, to less than half of its 1985
level, so that it nowadays supplies some-
what over 4% of final energy use. The

greatest reduction has occurred in Ger-
many.

The use of natural gas continues to
rise: since 1985, it hasincreased by 42 %,
accounting for aimost 24 % of final en-

ergy use in 1999. A European Commis-
sion forecast expects the consumption of
natural gas to increase by almost 50 %
between 1995 and 2010, after whichiitis
expected to stabilise until 2020. Themain
reason is a continued increase in the use
of natural gas for electricity production.
The use of renewable energy sources has
been relatively stable since 1985, although
there has been an upturn in recent years.
The use of wind power is expected to
increase substantially by 2020.

Dependence on imports

Asaregion, the EU isthe world’ slargest
importer of energy. Despiteincreased pro-
duction, self-sufficiency in energy sup-
ply has fallen, as the demand for energy

Mtoe  Figure 30 ¢ Total final energy use in the EU, 1985, 1990 and 1999
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isrising even more rapidly. From having
been almost 60 % self-sufficient in en-
ergy supply in 1985, the EU was only
52 % self-sufficientin 1999. If nothing is
doneto break thistrend, the EU may have
to import up to 70 % of its energy within
the next 20-30 years.

15 states with

different conditions

TheEU consistsof 15 member stateswith
differing conditions. GNPs vary widely,
with Germany, France, Italy and the UK
having the highest values. L uxemburg has
the lowest GNP, equivalent to less than
1 % of Germany’s. Countriessuch asPor-
tugal, Greece and Ireland have GNPsthat
are only 5-10 % of those of the large
states. The climates also differ consider-
ably, which has a considerable effect on
energy requirements. Together, Germany,
France, Italy and the UK account for al-
most 70 % of total energy use, athough
this proportion changes somewhat when
converted to per-capita energy use. Lux-
emburg hasthe highest per-capitaenergy
use, but thisis distorted by the country’s
substantial iron and steel industry and by
the fact that the country’ s low motor fuel
pricesattract vehiclesontheir way across
Europeto fill up with fuel there. As Swe-
den and Finland have a relatively high
proportion of energy-intensiveindustries,
together with a cold climate, they aso
have relatively high per-capita energy
demands, as have Belgium and Holland.

On the other hand, per-capitauseis|ow-
er in the Mediterranean countries of
Greece, Italy, Portugal and Spain.

Expansion of the European Union

The EU isin the process of preparing for
anew expansion, thistime towards Cen-
tral and Eastern Europe, where atotal of
ten countries from the former Eastern
European states — Bulgaria, the Czech
Republic, Estonia, Hungary, Latvia,
Lithuania, Poland, Romania, Slovakiaand

Figure 32 ¢ Total final energy use in Central and Eastern European
Mtoe candidate countries, broken down by energy carriers, 1998
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1 Except Cyprus. Of these countries, Poland accounts for over half of total final energy use.

2 Except Malta.

Figure 31b ¢ Total final energy use, by member countries, 1999, proportions
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World Energy Supply

Globally, world energy supply is dom-
inated by fossil fuels, which account for
about 80 % of total energy supply. Oil is
the most important energy source, meet-
ing 37 % of demand, followed by coal at
22 % and natural gas at 21 %. Historical
development since the 1980s until 1999
showsthat it is the use of natural gas that
has increased more than that of either of
the other fossil fuels. The use of coal in-
creased until 1990, but has since remained
relatively stable. Hydro and wind power
account for about 2 % of world energy
supply, while nuclear power accountsfor
7 %. The use of biomass has been stable
since 1990, contributing about 11 % to
world energy supply.**

Much of the world's energy require-
ments are still met by individual supplies
of wood and other forms of biomass. This
use is not included in the international
statistics. One assessment is that, outside
the OECD countries and the former Sovi-
et Union, traditional energy sources such
as wood, charcoal etc. are probably the
world'slargest individual energy source.

Resources and reserves

Proven resources of fossil fuels — are es-
timates of the quantities that can be vi-
ably extracted with present economic and
technical conditions. Expressed in rela-
tionto present rates of consumption, they
amounted at the end of 2000 to:

e 216 years production of coal

e 40 years production of ail

e 62 years production of natural gas.

The proven resources consist of the
known, discovered and developed frac-
tions of the earth’s total resources. They
can be ‘increased’ by prospecting, or by
rising prices making new and more ex-
pensive methods of recovery viable.

Energy supplies and trade

Non-OECD countries hold a significant
part of world energy suppliesand reserves,
and have been able to export their sur-
pluses — primarily of oil —to the indus-
tridlised countries. The oil market isdom-
inated by OPEC which, together with
Russia, also dominates the gas market.
The EU increased its oil production by
almost 4 %in 1999, but it is expected that

1 European Commission, 2001.
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Figure 33 ¢ Worls oil reserves 2001 (billion barrels)
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Figure 34 ¢ Total energy use per inhabitant 1999
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1 USA, Canada, Mexico, Norway, Switzerland, Iceland, Austraia, Japan, New Zealand and Turkey.
2 The Organisation of Independent States. Consists of twelve states, of which Russia and Ukraine are the largest.
For statistical reasons, the Baltic states have been included.

Mtoe Figure 35 ¢ Total world commercial energy use 1965-2001
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Note: The figuresfor hydro power have been revised by BP.
Source: The BP Statistical Review of World Energy 2002.

both oil and gas production will decline
within afew years. The greatest propor-
tion of the world's energy production in
1999 came from the NAFTA countries
(24 %), followed by Asia (20 %), the
Middle East (13 %), the former Soviet
Union (13 %) and Western Europe
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(10 %). As far as internationa trade is
concerned, the Middle East, Africa and
the former Soviet Union are net export-
ers. Asia is the region in which energy
imports are rising the most rapidly, and
is expected soon to be second only to the
EU in terms of imports.



Energy use in different regions

i Table 1 ¢ E intensit /EUR), toe/milli 1990
During the 1990s, total world energy use able nergy intensity (energy use ), toe/million euro ( )

has risen less rapidly than it did during 1980 1990 1999  1990/1980 1999/1990
the 1980s. The average rate of increase % per year % per year
during the 1990s was 0.8 %, but rose to World 553 507 455 .09 1.2
over 2 % in 2000. In 2001 the rate of EU 201 248 231 16 08
. o : .
neease was 03 /"t-h OECD st | Rest of OECD* 447 39 349 -19 06
nergy use In the Lt " Centra-and Easten Europe 1622 1481 1162 0.9 -2.7
creased more slowly during the 1980s ol 1846 1807 2120 02 18
thf';\n intherest of thgworld, but this situ- i 932 1092 1110 16 02
ation was reversed in the 1990s. Energy Middle East 370 688 828 6.4 21
usein the former Sowet Union fell sub- el 1756 1357 960 25 38
stantially during thefirst half of the 1990s, 1t A e 470 492 495 05 0.1

and continued to do so during the second
half, but at a slower rate: a slight upturn
can be seen for 1999. Within the Euro-
pean Union, energy use increased slight-
ly during the 1990s. North America and
Japan showed higher increases than in
the EU up to 1997, and also in 1999,
while 1998 was characterised by higher
energy use in the EU but lower use in
Japan. Since 1990, energy use has also
increased substantially in Latin America,
the Middle East and Asia.

World per-capita energy use varies
considerably from one area to another.
The EU, for example, uses six times as
much energy per capita than does Africa
or Asia, and three times as much as in
Latin America. In the group of ‘other
OECD countries’, which includes the
USA, no less than nine times as much
energy is used per capita as is used in
Africa. Futureworld per-capitaenergy use
will be very dependent on development
in Asiaand the former Soviet Union.

Table 1 shows energy intensities, i.e.
theamount of energy used per unit of GNP,
in various parts of the world, in order to
give an idea of how much energy is used
in proportion to economic production.

It can be seen that Asia, Central and
Eastern Europe and the former Soviet
Union use four, five and nine times as
much energy respectively per unit of out-
put (expressed in economic terms) asdoes
the EU. Asia, however, has shown a
sharply reduced energy intensity during
the 1990s. The countries in Eastern and
Central Europe have aso improved their
efficiency of energy use. Energy inten-
sity in the world as a whole has declined
by somewhat over 1 % per annum over
the last decade.

Energy use in the former Soviet
Unionishighly inefficient. The break-up
of the Soviet Union, has been reflected

1 USA, Canada, Mexico, Norway, Switzerland, Iceland, Australia, Japan, New Zealand and Turkey.
2 The Organisation of Independent. Consists of twelve states, of which Russia and Ukraine are the largest.
For statistical reasons, figures for the Baltic states have also been included in the table.

Source: European Commission, ' 2000- Annual Energy Review’.

by greater use of energy per unit of out-
put during the 1990s. However, energy
utilisation is now expected to improve. It
isassumed that improvementsin efficien-
cy will continue in China, Eastern Asia
and Latin America.

Forecasts

According to aforecast from the Interna-
tional Energy Agency (IEA) in 2001,
world energy demand is expected to con-
tinue to rise steadily, at about 2 % per
annum until 2020. Much of the increase
is expected to occur in the developing
countries, with about 68 % of the in-
creased demand originating from them.

QOil is till the world’'s mgjor fuel, and
it is expected that it will continue to pro-
vide approximately the same proportion
of energy supply in 2020 asit doestoday.
In the OECD dtates, it is the transport
sector that is expected to account for the
entire increase in demand. In other re-
gions, the transport sector will account
for the greatest increase.

Of thefossil fuels, itisnatural gasthat
increases the most in the scenario, re-
placing primarily the use of coal and nu-
clear power production. According to
IEA, the world’ s natural gasreserves are
more than sufficient to meet the substan-
tial growth in use. However, as a result
of the costs associated with extension of
the necessary infrastructure, it is expect-
ed that the price of gas will rise towards
the end of the scenario period.

Production of electricity from nuclear
power is expected to decline after 2010.
Hydro power production is expected to

increase by 50 %, mostly in the develop-
ing countries. Nevertheless, despite this
increase, the proportion of total energy
supply met by hydro power will fall dur-
ing the scenario period.

Other renewabl e energy sources (solar
energy, wind power, biofuels, refuse etc.)
are expected to experience the greatest
growth. However, despite the large per-
centage increase, these energy sources
will provideonly 3% of total energy sup-
ply in 2020: today, their proportion is
approximately 2 %.

Forecasts for

carbon dioxide emissions

The | EA reference scenario expectsacon-
tinued increase in carbon dioxide emis-
sions, rising at over 2,1 % per year until
2020, with the fastest-growing develop-
ing countries making a significant contri-
bution. China is expected to increase its
emissionsby 3.3 hillion tonnes, which can
be compared with the 2.8 billion tonnes
increase in emissions from the OECD
states. Global emissions of carbon diox-
ide are growing more rapidly than the de-
mand for energy. The expected increase
in the supply of energy from renewable
sources is not sufficient to meet the extra
demand: instead, the scenario foresees a
continuing increase in the use of fossil
fuels until 2020. Emissions from electri-
city production in the developing coun-
trieswill account for almost athird of the
total increase in emissions. The transport
sector will remain afurther major source,
particularly in the OECD countries. m
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Taxes and prices

The use of energy has been taxed in Sweden since the 1950s:. the objectives
have varied over the years. The present policy to encourage sustainable
development and to reduce environmental impact has meant that taxes on
environmentally harmful activities have been increased, while taxes on
labour have been reduced: one of the objectives of this shift is to reduce
carbon dioxide emissions. Energy taxation isat present under review. This
chapter describes the shift in the emphasis of taxation, types of taxes for
various parties and fuel price devel opments.

Energy Taxes

The objectives of energy taxation have
varied over the years: origindly, the ob-
jective was to finance the State’'s public
spending requirements, but in later years
the emphasis hasincreasingly been onthe
need to control the production and use of
energy in order to achieve various energy
and environmental policy objectives. Dur-

ing the ail crises of the 1970s, the am
was to reduce the use of oil and increase
the use of electricity. Later, when Swe-
den joined the European Union, it was
necessary to harmonise taxation with EU
legislation. The environmental element of
energy taxation wasgiven greater import-
ance at the beginning of the 1990s.

The energy taxation system is complex.
There are different taxes on electricity, en-

ergy, carbon dioxide, sulphur and NOx, and
they can vary, depending on whether the
fuel isbeing used for heating or as a motor
fuel, whether electricity is being used in
northern Sweden or in the rest of Sweden,
whether it is being used by domestic con-
sumers, industry or the energy sector, and
so on. In 2001, revenues from energy and
environmental spot taxes raised over SEK
53.6 hillion, or about 2,4 % of GNP. This
revenue is expected to remain more or less
the same over the period 2002—-2004. Work
on reforming the energy taxation system
formsanimportant part of the shift towards
‘greener’ taxation, which isintended to en-
courage more efficient use of energy and
the use of biofuels, to provide incentives
for companiesto reduce environmental im-
pact, to ensure the competitiveness of in-
dustry, to create the right conditions for
domestic production of electricity and to
simplify the energy system.

Table 2 « General energy and environmental taxes from 1st January 2002, excluding value-added tax

Energy Carbon Sulphur Total Tax
tax dioxide tax tax tax ore/kWh

Fuels
Gasoil, SEK/m? (0.05 < % sulphur < 0.2) 707 1798 54 2559 25.7
Heavy fuel oil, SEK/m* (0.4 % sulphur) 707 1798 108 2613 24.7
Coal, SEK/tonne (0.5 % sulphur) 301 1564 150 2015 26.7
LPG, SEK/tonne 138 1890 - 2028 15.9
Natural gas, SEK/1000 m? 229 1346 - 1575 14.2
Crude tall oil, SEK/m? 2 505 - - 2 505 251
Peat, SEK/tonne, 45 % moisture (0.24 % sulphur) - - 40 40 15
Motor fuels
Petrol, 95 octane, environmental class 1, SEK/I 3.16 1.46 - 4.62 51.1
Diesel, environmental class 1, SEK/I 1.32 1.8 - 312 319
Natural gas/methane, SEK/m? - 1.07 - 1.07 9.6
Gasol, kr/kg - 13 - 13 10.1
Electricity use, ére/ kWh
Electricity, northern Sweden 14.0 - - 14.0 14.0
Electricity, rest of Sweden 19.8 - - 19.8 19.8
Electricity, gas-, heat or hot water supply

Northern Sweden 14.0 - - 14.0 14.0

Rest of Sweden 174 - - 174 17.4
Electric boilers>2 MW, 1/11-31/3

Northern Sweden 16.4 - - 16.4 16.4

Rest of Sweden 19.8 - - 19.8 19.8

Note. In addition to the taxes shown, value-added tax islevied at arate of 25 % (refundable to companies and industry). An environmental levy of SEK 40 kr/kg of emitted

nitric oxide is payable for boilers, gas turbines and stationary combustion plant having an annual output of 25 GWh or more, but is repaid in proportion to the plant’s energy

production and in inverse proportion to emissions.The energy and carbon dioxide taxes on LPG and natural gas, when they are used as motor fuels, amount to SEK 1 298/

tonne and SEK 1 067/1 000 m®respectively. Note that the conversion factors for certain energy carriers have been altered with effect from 2002.

1 Fuels used for electricity production are exempted from energy and carbon dioxide taxes. However, some of the fuel is regarded as being used for internal purposes, and is
therefore taxed. Biofuels are untaxed for all users. Fossil fuels used for heat production in CHP plants are taxed at half the normal energy tax rate.

Source: The National Tax administration, processed by the Swedish Energy Agency.

34 | ENERGY IN SWEDEN 2002



Table 3 ¢ Energy and environmental taxes for industry, agriculture,
forestry and fisheries from 1st January 2002, excluding value-added tax

Energy Carbon Sulphur Total Tax
tax dioxide tax tax tax ore/lkWh
Gasoil, SEK/m?® (0.05 < % sulphur < 0.2) - 539 54 593 6.0
Heavy fuel oil, SEK/m® (0.4 % sulphur) - 539 108 647 6.1
Coal, SEK/tonne (0.5 % sulphur) - 469 150 619 8.2
LPG, SEK/tonne - 567 - 567 4.4
Natural gas, SEK/1000 m? - 404 - 404 3.6
Crudetall oil, SEK/m? 539 - - 539 5.4
Peat, SEK/tonne, 45 % moisture (0.24 % sul phur) - - 40 40 15

Note. Manufacturing industry pays no energy tax, and only 30 % of the general carbon dioxide tax.
Source: The National Tax Administration, processed by the Swedish Energy Agency.

The Budget Bill

and green tax exchange

It was decided in the spring of 2000 that
a total of about SEK 30 hillion of tax-
ation revenue should be transferred over
a ten-year period. This is proposed to
continue during 2003, with higher energy
taxes that will be balanced by reduced
taxes on labour.

Sweden’s carbon dioxide emissions
are to be cut, partly in accordance with
the country’ s undertakings under the Kyoto
Protocol. The carbon dioxidetax on fuels
was raised by 15 % on 1st January 2002,
which is intended to increase the impact
of carbon dioxide tax in relation to ener-
gy tax, and to help to reduce carbon diox-
ide emissions. The energy tax on fuels,
such as petrol and diesel fuel, was re-
duced by an amount corresponding to the
increase in the carbon dioxide tax, a-
though there was no rise in the tax on
LPG, natural gas or methane when used
as motor fuels. The rise in carbon diox-
ide tax is intended to be such that the
overal level of taxation on manufactur-
ingindustry, agriculture, forestry and fish-
eries etc. remains unchanged.

Higher carbon dioxide taxes mean that
electricity would have become cheaper
in relation to other forms of energy carri-
ers, and so thetax on electricity wasraised
by 1.2 6re/kWh from 1st January 2002.

The boundary for exemption from the
sulphur tax was reduced from 0.1 % by
weight to 0.05 % by weight. When set-
ting the rate of tax as determined by the
percentage of sulphur by weight, the per-
centage figure is rounded up to the near-
est tenth of a percent. However, if the

sulphur content exceeds 0.05 %, but not
0.2 %, the taxation basisweight isround-
ed upto 0.2 %.

The tax rates (except the sulphur tax)
of al fuels, including motor fuels, have
been increased by indexing.

Types of tax

Energy tax islevied on most fuels, and is
independent of their energy content. Car-
bon dioxide tax, which wasintroduced in
1991, is levied on the amount of carbon
dioxide emitted by al fuels except biofu-
els and peat. It was increased by 15 %
with effect from 1st January 2002. A sul-
phur tax was introduced in 1991, and is
levied at the rate of SEK 30 per kg of
sulphur emission on coal and peat, and at
SEK 27/mé for each tenth of a percent by
weight of sulphur in oil. An environmen-
tal levy on the emission of NOx was in-
troduced in 1992, at the rate of SEK 40/
kg of NOx emissions from boilers, gas
turbines and stationary combustion plant
supplying at least 25 GWh per annum.
However, itisintended to befiscally neu-
tral, and is repaid to operators of plant in
proportion to their energy production and
in inverse proportion to their NOx emis-
sions, so that only those with the highest
emissions are net payers.

Electricity and heat production

Fuelsthat are used for electricity produc-
tion are exempt from energy and carbon
dioxide tax, although they are subject to
the NOx levy and sulphur tax in certain
cases. However, the use of electricity is
taxed, at rates that vary depending on in
which part of the country the electricity

isused, and on what it isused for. Nuclear
power plants were previously taxed on
the basis of their electricity production,
but since 1st July 2000 the tax has been
based on the gross thermal power output
from their reactors®. In addition, thereis
alevy of 0.15 6re/lkWh for decontamin-
ation and decommissioning of the coun-
try’s previous nuclear facilities at the
Studsvik research centre, and a further
levy that amountsto about 1 6re/kWh for
financing future storagefacilitiesfor spent
nuclear fuel.

Investment grants are provided for
wind power, biofuelled CHP and small-
scale hydro power. Wind power produc-
tion receives an operating subsidy, known
as the environmental bonus. In addition,
thereisalso at present special support for
small-scale power production, amount-
ing to 9 6re/kWh, but this will be with-
drawn at the end of 2002.

A system of tradable certificates for
electricity from renewable sources will
be introduced on 1st January 2003. Dur-
ing atransition period, this will be com-
plemented by targeted subsidiesfor wind
power, probably in the form of an envir-
onmental bonus. It will be progressively
reduced over a number of years.

Fuels used for heat production pay
energy tax, carbon dioxide tax and, in
certain cases, sulphur tax, as well as the
NOx levy. The use of heat, however, is
not taxed. In principle, biofuels and peat
aretax-freefor all users, although the use

O

2Under a particular set of defined operating condi-
tions, this tax raises the same revenue as the earlier
tax rate of 2,7 ére/lkWh.
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Table 4 ¢ Fuel prices and price of electric heating in Sweden, excluding taxes and value-added tax, actual prices

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Crude oil, US$/barrel 23.81 20.05 19.37 17.07 1598 1718 20.8 193 1311 1825 2898 24.77
Gas oil, SEK/m? 2146 2131 1790 2207 2004 2205 2603 1759 1457 1580 2606 2563
Medium-heavy 1702 1535 1316 1652 1525 1525 1526 1014 853 997 1850 2170
fuel oil, SEK/m?
Petrol 95 octane, 223 219 206 223 210 202 210 225 201 229 318 312
SEK/I
Coal, SEK/tonne 358 366 307 309 317 336 340 367 372 327 355 449
Forest chips, SEK/m? 952 872 872 896 904 920 920 896 86.6
Electric heating, 315 361 379 400 397 407 436 452 450 430 422 433
ore/lkWh

Note. A table defining various environmental classes isincluded in the tables appendix, Energy in Sveden; Facts and Figures.
Source: The Swedish Petroleum Institute, Eurostat, Statistics Sweden, BP and The Riksbank, processed by the Swedish Energy Agency.

of peat attracts the sulphur tax. Special
rules apply for simultaneous production
of heat and electricity (CHP): the portion
of thefuel used for production of the elec-
tricity can receive afull rebate of energy
and carbon dioxide tax. Some of thefuel,
however, isregarded as having been used
to meet internal power requirements, and
is therefore taxed. The fuel used for the
net beneficial heat paysonly half the nor-
mal energy tax rate.

The latest energy policy notice sets
out planned changes to taxation of CHP,
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bringing it into line with taxation of
back-pressure power inindustry. Further
detailswill beincluded in the 2003 Bud-
get Bill.

Taxation at the point of use

Domestic userspay different rates of elec-
tricity tax, depending on whether they
live in the north of the country or in the
rest of the country. Manufacturing indus-
try, horticultureand —since 1 st July 2000
— agriculture, forestry and fisheries are
exempt from energy tax, and pay only

35% of the carbon dioxide tax. This
means that, in principle, energy and car-
bon dioxidetaxesonindustry arethe same
as in 2001. There are special rules that
rebate tax that exceeds 0,8 % of the sales
value of the products manufactured.
There are various transport tax levels,
depending on the environmental class of
the fuel, and their effect has been to con-
centrate use on the least environmentally
harmful classes. Apart from the increase
due to indexing, petrol and diesel fuel
taxes have not been raised for 2002. No



energy tax is payable on the use of diesel
fuel or fuel oilsused in commercial mar-
ine traffic, railbound traffic or aviation
petrol or aviation paraffin.

Fuel prices

Thepriceof crudeoil rose steeply in 2000,
reaching amost USD 29/barrel, as com-
pared with somewhat over USD 18/bar-
rel in 1999. Thiswasfollowed by afall to
dightly below USD 25/barrel in 2001.
The pricesof processed oil productstrack
the price of crude oil, and so have a sub-
stantial impact on consumer prices. The
import price of coal rose considerably in
2001, stabilising at ahigher level in 2002.
The availability of forest chips was good

in 2001, and the price continued on a
relatively stable level.

The end prices paid by consumers de-
pend to aconsiderabl e extent on taxation.
In addition to the spot taxes (energy, en-
vironment and electricity), thereis 25 %
value-added tax. Industry does not pay
value-added tax.

Of the total cost of heating a detached
housewith gasoil in 2001, 57 % wastax,
which can be compared with 53 % in
2000. The proportion of thetotal price of
petrol and diesel fuel made up of tax re-
mains unchanged, at 67 % for petrol and
55 % for diesel fuel.

The cost of electricity to a domestic
consumer is made up of the price of the
electricity itself, acost element tothegrid
operator, and taxes, including valueadded

Table 5 ¢ Electricity prices and grid fees for various user categories,
including taxes and value-added tax , re/kWh

Detached Detached
Electrically houses houses with-
intensive Small with electric  out electric
industries'  industries? heating? heating*
Total price, 1st January 2001  28.3 37 76.8 99.8
Total price, 1st January 2002 34 438 87.9 111.3

1 Annual energy use, 140 000 MWh: power demand, 20 MW.

2 Annual energy use, 350 MWh: power demand, 100 kW or 160 A.

3 Annual energy use, 20 000 kWh: power demand, 20 A, supply fuse rating.
4 Annual energy use, 5 000 kWh: power demand, 16 A, supply fuse rating.
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Gas oil Heavyfuel Diesel Coal  Forest chips
(17%)  oil 23%) (17%) (58%) (0%)
Industry

Gasoil  Electric Forest chips
(57%) heating (44%) (20%)
Domestic

Petrol, 95

tax. The price of the actua electricity
makes up about 30 % of the total cost,
and it is this that can be affected by the
consumer by changing supplier. Thegrid
charge accounts for about 28 % of the
cost, with taxes accounting for the re-
maining 42 %. ]

Table 6 ¢ Total fuel prices, including
taxes and value-added tax, for
industrial and domestic users, 2001

Industry Domestic

Figure 37 ¢ Fuel prices for three user groups, 2001

Gasail, SEK/m®* 3097 5973

ore/lkWh 31 60

Heavy fuel oil,

SEK/m? 2812

ore/lkWh 26

Diesdl fuel?,

SEK/m? 3156

ore/lkWh 319

Coal, SEK/tonne 1 064

ore/kWh 14

Forest chips?,

SEK/tonne 259 324

ore/lkWh 10.8 135

* Per road tanker-load.

2 50 % moisture content.
l:l Value-added tax
- Tax
- Fuel price

(X %) Proportion of
total price
made up of

tax and VAT

Diesel

octane (67%) (55%)
Transport

ENERGY IN SWEDEN 2002 | 37



-]
=
m
m
=
=
X
o
=
=
m
3
>
F
g
-
>
=
o
=

The environmental situation

The production and use of energy are major sources of harmto the human
and natural environment. Examples range from the ecological effects of
the construction of hydro power schemes, through oil spillsfromtankersto
vehicle exhaust emissions. Although Sweden has taken significant stepsto
counter these mechanisms, by such means as the imposition of statutory
regulations, taxation and encouragement of the devel opment of low-pollution
technology, much still remainsto be done. Environmental impact occurs at
local, regional and global level. The boundaries between these levels are
fluid, being determined not only by the type of emission, but also by how far
it spreads. There are several working areas at regional and global levels
where countries are working together to attempt to tackle environmental
problems.

Figure 38a ¢ Emissions of sulphur dioxide (SO5)
in Sweden 1990-2000
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Local Environmental
Problems

Examplesof loca environmental problems
includethefallout of dust from power sta-
tions or industrial processes, smog, and
emissions of carcinogens. As problems of
this type generally have an immediate ef-
fect on their surroundings and are easy to
detect, it is natural that stepsto deal with
them can generally be taken at an early
stage. Local environmental problems are
regarded as being those that are restricted
to the most immediate environment, such
asthat of theareaof amedium-sized Swed-
ish town and its surroundings.

Regional Environmental
Problems

Regional environmental problemsinclude
acidification of theground and water, and
eutrophication. Problems of these types
are akin to the fatigue of metals, as the
damage that they cause becomes appar-
ent only after a longer time. They are
generally more difficult to deal with than
local environmental problems. Emissions
are spread over greater distances, and it
can be difficult to locate the source(s).
Environmental problems are regarded as
being regiond if they afflict large areas,
countries or, in certain cases, continents.

Figure 38b ¢ Emissions of sulphur dioxide (SO,) in Sweden, by emission sources
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Acidification

Since the beginning of the 1970s, acidifi-
cation has been one of the environmental
problems in Scandinavia to which the
most attention has been paid. Asthe abil-
ity of the ground and water to neutralise
acidity is less in these countries than in
most other parts of Europe, it wasin the
Scandinavian countries that the problem
was first noticed, with the result that it
waslong regarded as an essentially Scan-
dinavian problem. One of the effects of
acidification is the precipitation of met-
asintheground and water, with the com-
monest exampl e being aluminium, asthis
isthe metal that isfirst precipitated. This
affects the growth of forests and results
in the disappearance of many sensitive
species of plants and animals, both on
land and in water.

The main source of this acidification
is the emission of sulphur in the form of
sulphur dioxide. The sulphur dioxide is
oxidised in the atmosphere to sulphuric
acid, which is then brought down to the
surface of the earth in precipitation, re-
ferred to as ‘wet deposition’. Sulphur
emissions can also be deposited directly
in the form of sulphur dioxide, known as
‘dry deposition’. As the conversion pro-
cess of sulphur dioxidein the atmosphere
for wet deposition takes a few days —
sometimes up to a week — it means that
precipitation over Sweden originates pri-
marily from sources in other countries.
In 1980, over 17 % of sulphur precipita-
tion in Sweden originated from domestic
sources. By 1998, this figure had been
reduced to somewhat over 7 %. As the
prevailing winds over Sweden are west-
erly, the country is exposed to depres-
sionsand fronts from the west and south-
west. Large quantities of air pollutants
are also carried over Sweden by souther-
ly winds powered by anticyclones over

1000 tonnes/year

250
Combustion in industry

[0 Industrial processes

Transport

the continent. The countries from which
over 30 % of today’s precipitation in
Sweden comes are primarily Germany,
Poland and the UK. However, Sweden
asoexportsair pollution, althoughinless-
er quantities, to its neighbouring coun-
tries, primarily Russia, Finland, Norway,
Poland and the Baltic states, although
most of the pollution is precipitated in
the sea. Swedish emissions come primar-
ily from industrial processes, the com-
bustion of oil and from transport.

Reducing sulphur emissions

Emissionsin both Sweden and the rest of
Europe have falen considerably since
1980. Sweden ratified the Helsinki Proto-
col in 1986, concerning reduction of sul-
phur emissions of at least 30 % by 1993,
as compared with 1980 emission levels.
This Protocol had been prepared as part
of the UN Convention on Long Range
Transboundary Air Pollution that had in
turn been prepared by the UN Economic
Commission for Europe (ECE). Howev-
er, Sweden set itself a more ambitious

Table 7 e Changes in sulphur
emissions in a number
of European countries

Country 2000 emission
relative to 1988, %
Austria -89
Sweden -88
Finland -87
Norway -81
Denmark -94
Germany* -89
United Kingdom -76
Poland -63
1 Thefigure for Germany represents the percentage
reduction between 1999 and 1988.

Source: Data from http://webdab.emep.int,
processed by the Swedish Energy Agency.

target of reducing sulphur emissions to
20 % of their 1980 levels by 2000. This
reduction was actually achieved in 1993,
partly as a result of less use of oil and
partly as a result of lower sulphur con-
tentsin the ail.

O

Figure 39a ¢ Emissions of oxides of nitrogen
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Figure 39b ¢ Emissions of oxides of nitrogen (expressed as NO,) in Sweden, by emission sources
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At the internationa level, the Oslo
Protocol on further reductions in sulphur
emissions, drawn up by ECE in 1994,
represented another step towardsareduc-
tion in emissions. Under the terms of the
protocol, several European countries have
undertaken to reduce their SO, emissions
by between 30 % and 80 % by 2010, rel-
ative to the 1980 levels. The protocol
came into force on 5th August 1998, and
is legally binding, asit has been ratified
by a sufficient number of states.

Within the EU, the European Commis-
sion has succeeded in setting an emis-
sions limit for the three key pollutants of
sulphur dioxide, nitrogen dioxide and
ammonia. Theselimitshave been set such
that the difference between the actual
emission levels and the critical load lim-
its, i.e. what the environment can stand,
will bereduced by 50 % for each country.

In addition to sulphur dioxide, anmo-
nia and nitrogen dioxide (reduced and
oxidised nitrogen respectively) also con-
tribute to acidification. However, due to
the role of nitrogen as a macronutrient,
i.e. an important nutrient that occursin a
relatively high concentration in biomass,
these emissions make less contribution to
acidification than does sulphur. Never-
theless, when nitrogen level sin the ground
reach saturation, nitrogen compounds
make a considerably greater contribution
to acidification than they do when the
ground is not nitrogen-saturated. They
also make a substantial contribution to
another major problem, eutrophication.

Eutrophication

Eutrophication, particularly of lakes and
the sea, islargely due to emissions of ni-
trogen. On the other hand, in the Gulf of
Bothnig, it isnot nitrogen that isthe main
cause of eutrophication, but phosphorus.
However, as phosphorus emissionsare not
due to the use of energy, they will not be
discussed further here. Nor, in fact, does
the greater portion of nitrogen emissions
originatefrom energy use, but rather from
agriculture, although the contribution from
the energy sector is sufficiently large to
be significant.

Eutrophication is primarily a problem
in water ecosystems. Forest eutrophica-
tionisrare, although forestsin south- west
Sweden do show signs of nitrogen satu-
ration. However, eutrophication of other
types of ground occurs, contributing in
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Figure 40 ¢ Deposition of oxides of sulphur in Sweden 1998 from various sources (%)
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Figure 41 ¢ Deposition of oxides of nitrogen in Sweden 1998 from various sources (%)

Other 61.2

Total deposition:
107 200 tonnes nitrogen

such casesto asubstantial increasein the
number of nitrogen-loving plants, such
as wild chervil, stinging nettles and wil-
low herb, at the expense of other species,
such as mosses. Eutrophication of water
ecosystems results in excessive growth
of plankton algae and water plants, re-
sulting in cloudiness of the water and re-
duced depth of visibility. In the longer
term, there is a risk of lakes becoming
totally clogged by plant growth and turn-
ing into marshland. Eutrophication also
contributes to oxygen-free bottom envir-
onments through the increased demand
for oxygen to break down dead plant
growth. Oxygen-free bottom zones are a
problem in a number of areas, including
the Baltic. In fact, the Baltic is perhaps
the biotope that has suffered most from
increased nutrient input, resulting in al-
gae blooms and oxygen deficit. Lack of
oxygen in deeper bottom layers make it
difficult for cod to reproduce, and also
contribute to a serious depletion of ben-
thic and demersal fauna.

Sweden 16.9

Germany 8.7

Poland 4.9

United Kingdom 8.3

Catalytic exhaust cleaning has
reduced emissions
Although emissions of nitrogen have not
been reduced as much as emissions of
sulphur, there has been an increasein the
rate of reduction in recent years, mainly
due to the introduction of catalytic ex-
haust cleaning on vehicles. By far the
greatest proportion of the emissions
comes from road traffic, although it is
also herethat the greatest reductions have
been achieved. About 17 % of NOx pre-
Cipitation in Sweden originates from do-
mestic sources. The largest contributors
to NOx precipitation from other coun-
triesare Germany, the UK and Denmark.
Sweden hasratified the Helsinki Con-
vention, which came into force on 17th
January 2000, and is intended to protect
the marine environments in the Baltic
from pollution. A priority area in this
work is to reduce eutrophication. The
work isbeing carried out jointly by Den-
mark, Estonia, the EU, Finland, Germany,
Latvia, Lithuania, Poland, Russia and



Sweden. OSPAR, the Convention for the
Protection of the Marine Environment of
the North-East Atlantic, which cameinto
force in 1998, includes the objective to
reduce marine eutrophication. Parties to
it are Norway, Iceland, Switzerland, the
EU and all individual EU states except
Greece, Austriaand Italy.

Global Environmental
Problems

“ Thesolutionto pollution is dissolution”
was still regarded as a truth at the begin-
ning of the 1960s. It was thought that the
oceans and the atmosphere could absorb
and dilute all our emissions to levels so
low that they would not be noticed. Now-
adays, we know that some of the emis-
sions that we generate result in global
environmental problems. This is most
clearly exemplified by the increase in
greenhouse effect due to the emission of
greenhouse gases and by destruction of
the ozone layer. The extent of global en-
vironmental problems is such that they
afflict the entire globe. They are there-
fore also the most difficult to tackle, as
they require international coordination.

The greenhouse effect

Strictly, the greenhouse effect is not an
environmental problem: it is, in fact, an
essential factor for the existence for life
on earth. Without carbon dioxide and
water vapour inthe atmosphere, the aver-
age temperature of the earth would be
about 33 °C lower than it is today, i.e.
about —18 °C, and the planet would be
frozen. Itis, however, theincreasein the
greenhouse effect, resulting from the
emission of greenhouse gases, that
presentsan environmental problem. Over

the last 150 years, anthropogenic activ-
ities have increased the concentration of
carbon dioxidein theatmosphere by about
30 %: if the oceans were not also amajor
sink for carbon dioxide, this increase
would have been closer to 60 %. Theaver-
age temperature of the earth has risen by
about 0,5 °C during the 20th century, but
has accel erated particularly during thelast
25 years.

The most important anthropogenic
greenhouse gas is carbon dioxide. Other
gases that contribute to the effect include
methane, nitrous oxide (laughing gas —
N,0), ground-level ozone, HFCsand PFCs
(refrigerants) and sul phur hexafluoride (an
electrical insulator). These gases actually
have a more powerful greenhouse effect
but, due to their low concentrationsin the
atmosphere, they represent less of a prob-
lem than does carbon dioxide. The fol-
lowing text therefore concentrates primar-
ily on carbon dioxide emissions.

The OECD countriesemit over half of
thetotal global carbon dioxide emissions,

with the USA being responsible for by
far the greatest amount, of over 45 %.
Other countries with high emissions in-
clude Japan, the UK and Germany. In
termsof highest per-capitaemissions, the
USA isintop place, followed by L uxem-
bourg, Australiaand Canada. These coun-
tries also have high emissionsin relation
to their GNPs, although the old Eastern
Bloc countries such as Poland and the
Czech Republic have even higher levels.
Sweden contributes a few parts per
thousand to the world’s carbon dioxide
emissions, with per-capitaand GNP-pro-
portionate emissions being below the
average both for the OECD countriesand
for the EU. Carbon dioxide emissionsin
2000 were at the same level asin 1990.

International climate cooperation

An outline convention on climate changes
was signed at the 1992 UN Conference
on the Environment and Development
(UNCED) in Rio. It came into force in
1994, when it had been ratified by a suf-

O

Mtonnes Figure 42a ¢ Emissions of carbon dioxide (CO,) in Sweden 1990-2000
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Figure 42b ¢ Emission of carbon dioxide (CO,) in Sweden, by sources

Mtonnes
30 Combustion in industry Transport Residential and service etc. Combustion in power stations,
o5 Industrial processes gasworks and heating plants
20
' B B B EE B I I E B E B EEE
s m B B B B B H e == < 1 = EEEEE
;1 HE B H B E = |[F B BN BN B B B i1 H B B BB BN |[F B BN BN B B B BN
90 95 96 97 98 99 00 90 95 96 97 98 99 00 90 95 96 97 98 99 00 90 95 96 97 98 99 00

ENERGY IN SWEDEN 2002 | 41

=
o
g
=
E
»n
2
-
=
w
=
=
o
<
—
=
TT]
w
= =
[




-]
=
m
m
=
=
X
o
=
=
m
3
>
F
g
-
>
=
o
=

ficiently large number of countries. Swe-
den ratified the Convention in 1993, at
which timeit also adopted guidelines for
Swedish climate policy. One of the con-
tents of the Convention is that al indus-
trial countries should take stepsto reduce
their emissions of greenhouse gases and
to increase the uptake and storage of the
gases. The countries should al so regular-
ly submit details of their progress and the
steps that they have taken to the UN.

At the conference of the partiesin Ber-
linin 1995, it was noted that work to date
was inadequate, and a process was start-
ed to produce alegally binding document.
At the third conference of the parties in
Kyoto in 1997, agreement was reached
on a document regulating emissions of
carbon dioxide and five other greenhouse
gases. The document sets out reductions
for al Annex | countries, i.e. the OECD
states and the previous Eastern European
states, for the period 2008-2012. There-
ductions are expressed in relation to the
1990 emission levels.

The EU, which negotiated as a single
group, isrequired to reduceits emissions
by 8 %. Subsequent agreement on thein-
ternal apportioning of this aggregate re-
duction, based on factors such as per-
capita emissions and the structure of en-
ergy and industry sectors, permitted Swe-
den to increase its emissions by 4 %.
However, Sweden has adopted a more
ambitious target, of reducing its emis-
sions by 4 %.

‘Flexible mechanisms’, in the form of
emission trading, joint implementation
and clean development mechanisms, are
included in the Kyoto Protocol in order
tofacilitate more cost-efficient reductions.
Emission trading meansthat countriesthat
have emitted lessthan their permitted pro-
portion of emissions can sell their remain-
ing portion to another country that is un-
able to meet its obligation. Joint imple-
mentation involves effecting some im-
provement in another country and being
credited in the home country with the re-
sulting reduction in emission. Clean de-
velopment mechani smsinvolve essential -
ly the same as joint implementation, ex-
cept that the improvements are carried
out in anon-Annex 1 country.

The Marrakesh Agreement

Since the third conference of the parties
in Kyoto in 1997, negotiations on the fi-
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Figure 44 ¢ Emissions of oxides of nitrogen
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nal form and interpretation of the Kyoto
Protocol have continued. The points on
which agreement was sought at the nego-
tiations in Haag, Bonn and Marrakesh
related primarily to the conditions and
rulesfor flexible mechanisms, carbon di-
oxideabsorptioninforestsand theground
(carbon sinks), assistance to developing
countries and means of cooperation be-
tween industrialised countries and devel-
oping countries, and the drafting of sanc-
tions and other responses against coun-
tries failing to fulfil their obligations.
Since then, a magjor blow to the process
has been thewithdrawal of the USA from
the negotiationsin April 2001. However,
agreement was reached between the re-
maining states at the Marrakech meeting
in the autumn of 2001, converting the
Kyoto Protocol to alegally binding text,

90 91 92 93 94 95 96 97 98 99

known as the Marrakesh Accord. The
Protocol will come into force when at
least 55 countries have ratified it. A fur-
ther conditionisthat carbon dioxide emis-
sionsin 1990 from the Annex | statesthat
have ratified the Protocol must account
for more than 55 % of 1990 emissions
from all Annex | states. The EU states
jointly submitted their ratification docu-
ments in May 2002. Japan has aso rati-
fied the Protocol. The EU candidate coun-
tries have also ratified the Protocol, or
are expected to do so in the near future.
During the World Summit on Sustain-
able Development in Johannesburg in
September 2002, Russia notified that it
intendsto ratify the Kyoto Protocol. When
thisisdone, it isexpected that therequire-
ments for coming into force of the Proto-
col will be fulfilled. [



Figure 45a ¢ Emissions of carbon dioxide (CO,) per inhabitant and GNP 2000 in EU and OECD-countries
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Units and
Conversion Factors

Theinternationa standard unit for meas-
urement of energy is the joule (J), al-
though the watt-hour (Wh) is often used
in Sweden. One joule is equal to one
watt-second, which means that one
watt-hour isequal to 3 600 J. International
comparisons often use the tonne of oil
equivalent (toe), which representsthe en-
ergy obtained by burning one tonne of
ail, i.e. 11.6 million Wh.

When measuring larger quantities of
energy, the joule, watt-hour and even toe
are inconveniently small units. Instead,
multiples such as thousands or millions
are used.

Units commonly used for comparison
are the PJ, TWh and Mtoe. See the dia-
gramontheright for conversions between
them.

Practical terms

What are these various energy units, ex-

pressed in practical terms? A rough guide

isasfollows:

¢ 1 kWh is the energy used to run a
small cooker hotplate for an hour.

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

e 1 GWh represents the energy used by
amedium-sized town in one day.

e 1TWhistheelectrical energy produced
by a large nuclear power unit during
two months' full load operation.

k (Kilo) 10° thousand

M (Mega) 10° million

G (Giga) 10° thousand million

T (Tera) 102 million million

P (Peta) 10% thousand millionmillion

Conversion factors for energy carriers:

Crude ail 1 tonnes
Gasoil 1 tonnes
Heavy fuel ail 1 tonnes
Natural gas 1000 m®
Cod 1 tonnes
Forest fuels 1tonnes TS*
Pellets, briquettes etc. 1 tonnes
Peat (50 % moisture) 1 tonnes
Automotive petrol 1 tonnes
Methanol 1 tonnes
Ethanol 1 tonnes
*Dry solids

11.7 MWh = 422GJ
11.9 MWh =  427GJ
11.6 MWh = 419GJ
11.1 MWh = 400GJ
7.6 MWh = 27.2GJ
555MWh = 18-20GJ
45-5MWh = 16-18GJ
25-3MWh = 9-11GJ
12.2 MWh = 440GJ
5.5 MWh = 19.7GJ
7.5MWh = 269 GJ

See Energy in Sweden, Facts and Figures for further and/or more detailed conversion factors.

Electricity for

household purposes

An investigation from 1994 found that a
family of four, in adetached house, used
about 5 500 kWh of domestic electricity
per year. Average breakdown of electri-
city for household purposesisasfollows:

Refrigerators and freezers 1 400 kWh
Food preparation 1000 kWh
Clothes care 1000 kWh
Lighting 900 kWh
Dishwashing 500 kWh
Other appliances 700 kWh
Total 5500 kWh
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Conversion scales, energy units
(logarithmic scales)

GJ MWh

toe

In 2000, anew, modern, energy-efficient
washing machine or tumble dryer used
lessthan 200 kWh/year. Similarly, anew,
efficient large refrigerator used less than
130 kWh/year, while a new, energy-effi-
cient medium-sized freezer used lessthan
270 kWhlyear. |



A Glossary
of Energy Terms

Alternating current (AC)

Electric current in which the direction of
flow of the electrons is constantly re-
versing.

Automotive petrol
Petrol intended for use in spark ignition
internal combustion engines.

Biofuel
Fuel consisting of biomass, or that has
been prepared or produced from biomass.

Biogas
Gas produced from biomass as the raw
material, e.g. by fermentation.

Biomass

Materia of biological origin, and which
has not been processed, or processed to
only avery limited extent.

Blast furnace gas
Flammable gas consisting of a mixture
of nitrogen, carbon monoxide and hydro-
gen, produced by the reduction of iron
orein ablast furnace.

Brown coal

Combustible solid containing about 70—
75 % by weight of carbon. Brown coal
can be likened to compacted peat, and is
at an early stageinthe conversionto coal.

Carbon dioxide, CO,

Carbon dioxide, CO,, is a gaseous oxide
of carbon, formed by complete combus-
tion of substances containing carbon, e.g.
hydrocarbons.

Chemical energy

Energy released or absorbed when the
bonds between atoms or molecules are
changed.

Coal

Combustible rock-like substance with a
high content of carbon. Cod is an inter-
mediate stage in the geological conver-
sion from brown coal to anthracite.

Cold condensing power station

A power plant that produces only €l ectri-
city, using a steam turbine cycle. Effi-
ciency is 3545 %: the remainder of the

thermal energy in the fuel isremoved by
the cooling water to the sea, lake, river or
atmosphere.

Coke
The solid residue from the pyrolysis of
coal.

Coke oven gas
Flammable gas produced by the coking
of coal.

Coking plant
Plant for the production of coke and the
cleaning of coke oven gas.

Combined heat and power plant

A power plant that produces both elec-
tricity and heat, supplying the heat to a
district heating system.

Conversion losses

Energy lossin aconversion plant or pro-
cess, resulting from the less than 100 %
efficiency of the process.

Cracking

Chemical modification of heavy hydro-
carbonsin petroleum to lighter hydrocar-
bons.

Crude oil

Petroleum from oil wellsthat has not been
processed other than the possible remov-
al of dissolved gasesand solids, and which
isin transport or being stored or is used
asaraw material.

Degree of energy utilisation

The relationship between the amount of
(electrical) energy actually produced and
that which is theoretically possible over
agiven period of time.

Diesel engine

Internal combustion engine of piston type,
inwhich the heat of compression is suffi-
cient to ignite the combustible mixture of
fuel and air.

Diesel fuel
A light oil for usein diesel engines.

Digester gas, sludge gas
Flammable gasformed by anaerobic bac-
terial action on biological material.

Digestion

Controlled biodegradation of organic sub-
stances under anaerobic conditions, by
which the substances are transformed
without air change in water-filled pores
and in which evil-smelling are produced,
such as hydrocarbons, ammonia, hydro-
gen sulphide etc.

Direct current (DC)

Electric current of which theelectron flow
isawaysinthe samedirection, e.g. from
a battery.

Direct electric heating

Electric heating that supplies heat to the
heated areawithout intervening heat stor-
age or heat carrier other than air.

District heating

The provision of apublic heating supply,
delivered by means of hot water in sup-
ply and return pipes. After supplying heat
to a building's own space heating and
domestic hot water heating system, the
cooled district heating water is pumped
back for reheating.

Efficiency

A measure of how efficiently a power
station or heating plant works. It indi-
cates that proportion of the energy in the
fuel or input that is converted to useful
electricity and/or heat.

Electrical energy

Energy released or absorbed when elec-
trons move through a solid, a liquid, a
gas or avacuum.

Energy

A measure of work performed in agiven
time: the product of power and time.
Energy is expressed in watt-hours (Wh).

Energy balance

1. The balance of energy supplied and
energy used.

2. A presentation of energy supplied and
energy used.

Energy carrier

A substance, material or service used to
carry energy, e.g. water, air, electricity,
battery cells, or fuels such as cod, crude
oil, logs etc.

4
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Rational use of energy
Making the best use of energy supplied
to asystem.

Energy conversion
A process that converts one form of en-
ergy to another form.

Energy crops
Cropsgrown for useasenergy raw mater-
ials.

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

Energy saving
Reduction in the use of energy by re-
fraining from the use of services etc.

Energy system

A system of plant, equipment etc. that
meets aneed for energy, e.g. for ahouse,
afactory or atown.

Energy use
Utilisation of electrical energy, heat or
some other form of energy.

Ethanol

Ethyl alcohol, normally produced by fer-
mentation of sugar or some other bio-
mass.

Exergy

That part of aquantity of energy in some
particular form that can be completely
converted into work. The terms energy
and exergy describe the suitability of a
form of energy for energy conversion.
The less the proportion of exergy, the
greater the amount of energy that is lost
as heat.

Fossil fuel

Fuel formed from biological materials
during earlier geological periods, e.g. cod
and petroleum.

Fuel

A substance containing substances hav-
ing chemically or otherwise bound en-
ergy that can be utilised for conversionto
heat or other form of energy.

Fuel cell

A cell for direct conversion of chemical
energy to electrical energy.
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Fuel oil
Combustible oil intended for oil burners,
consisting of low or high viscosity or
semi- solid mixture of hydrocarbons, pro-
duced from crude oil by distillation or
cracking.

Gasification

The conversion of solid materias, e.g.
coal or peat, to a gaseous form, with or
without chemical change of the sub-
stances involved.

Gas turbine

Power plant for the production of electric
energy. A gas turbine consists of an air
compressor, combustion chambers and a
power turbine driven by the exhaust gases.
In turn, the power turbine drives the gen-
erator.

Gasworks
A facility for the production gas by means
of gas generators.

Gasworks gas

Gas of a medium caorific value, con-
taining methane, nitrogen, butaneand (in
low concentration) carbon monoxide,
with the addition of a substance to pro-
vide atracer smell.

Geothermal heat
Heat flowing fromtheinterior of theearth
to the surface.

Greenhouse effect

Accumulation of heat inthelower atmos-
phere through areduction in cooling that
is caused by outward radiation from the
earth to space, caused primarily by the
ability of carbon dioxide to absorb ther-
mal radiation.

Greenhouse gases

Gases in the atmosphere that reflect nat-
ural thermal radiation out from the earth
into space. Examples include water va-
pour, carbon dioxide, methane, nitrous
oxide etc.

Heat pump

A device for raising the temperature of
energy from a low-temperature source
such as water, air, etc., to a higher tem-
perature. To do this, it requires a certain
input of some other form of energy, usu-
dly electricity.

Hydro power plant
A power station that converts the poten-
tial energy of water to electrical energy.

Kinetic energy

Energy released or absorbed as a result
of the change in velocity of a moving
object.

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

Motor fuel

Gaseous, liquid or solid fuel intended for
starting, running or heating a machine, a
vehicle engine etc.

Natural gas

Flammable, non-volcanic gas found in
porous rock strata, often together with
and/or partly dissolved in, petroleum.

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 equivaent condi-
tions of a tatistically average year.

Nuclear energy
Energy released in nuclear reactions or
by radioactive decay.

Nuclear power plant
A power plant that utilises nuclear energy
for the production of electrical energy.

Qil equivalent

The quantity of fuel oil that, in practical
use, is regarded as providing the same
quantity of energy as some quantity of
other fuel.

Paraffin (Am.: kerosene)

A clear, colourless and low viscosity lig-
uid, consisting of hydrocarbons, produced
by distillation with or without refining.



Peat
Organic earth-like material formed inwet
and oxygen-deficient conditions by the
degradation of dead plant and animal
material by bacterial and chemica ac-
tion.

Petrol (Am.: gasoline)

A clear, colourless and low viscosity lig-
uid, consisting of hydrocarbons, produced
by distillation of crude oil, by cracking
of gaseous or liquid petroleum fractions
or by synthesis.

Petroleum product

Gaseous, liquid or solid mixture of hydro-
carbons, produced from crude oil by dis-
tillation, cracking or some other process.

Potential energy
Energy released or absorbed by changing
the position of an object.

Power

Therate of doing work, given by the quo-
tient of energy and time (= energy per
unit time)

Power balance

1. The balance of power input and out-
pu.

Other Publications

2.A presentation of input and output
power.

Power shortage

The state of an energy system, e.g. an
electricity supply system, not having suf-
ficient capacity immediately to supply the
power demand.

Pumped storage power station
Hydro power station which, when not
producing power from water falling
through the turbine, can be used to pump
water from alower level to ahigher level
for later production of power from it.

Refining

Toclean or purify araw material by whol-
ly or partly removing pollutants or haz-
ardous constituents.

Renewable energy source
An energy source that can be renewed or
replaced at the samerate asit is used.

Sludge gas
See: digester gas.

Speed control

Control of the speed of, say, a fan, in
order to control some other quantity, e.g.
anair flow.

Statistically average year

A year for which the meteorol ogical con-
ditions are the average of those over a
period of years.

Steam coal
Coal that isused primarily for burning.

Thermal power plant
A power station in which heat is convert-
ed to electricity.

Tonne-kilometer

Unit of transport work, calculated as the
product of the aggregated distanceinkilo-
meter over which anumber of tonneshave
been carried and the number of tonnes.

Toe (tonnes of oil equivalent)
See Qil equivalent.

Useful energy
Energy used for itsintended purpose with-
in adefined system.

Waste heat
Heat released from processes.

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

The Electricity

Market, 2002

Item no. 1483

Thispublication providesagen-
eral overview of theNordic elec-
tricity market, coupled with eas-
ily accessibleinformation onthe
market. It includes data on elec-
tricity production and usein the
Nordic countries, the structure
of the electricity market as seen
by those involved in it, trade in
electricity between the Nordic
countries and within northern

Item no. 1465

The climate report 2001

The report serves as source in-
formation that the Swedish En-
ergy Agency submitted on the
occasion of Sweden’s third na-
tional report to the Climate Con-
vention. The report gives a col-
lective description of the meas-
ures that have been taken in the
energy sector for restricting the
emissions of greenhouse gases.
In addition, scenarios are pre-

The Clinabs Bapori
F- ]

4

sented for Sweden’ senergy supply during the period up to 2020.

Europe, the effect of the electrical sector on the environment
and electricity prices in the Nordic and other countries. Pub-

lished annually.
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Building Sustainable
Energy Systems

Swedish experiences

Item no. 1390

Thisbook isa collection of art-
iclesillustrating the changesthat
have occurred in the energy sec-
tor over the last 30 years. 25
writers, with different back-
grounds and working in differ-
ent disciplines, were asked by
the Administration to contribute
tothe book and givetheir views
on the changes, as seen from

their various viewpoints. The themes of the chapters include,
for example, energy policy and its economic effects, technical
development, the liberalisation of the electricity market, bio-
mass, ethanol and efficiency improvement measures. The book
does not necessarily represent the views of the Administration,

BUILDING
SUSTAINABLE
ENERGY

SYSTEMS

SWEDISH EXPERIFNCES

but isintended to be aforum for discussion.

All publications can be ordered from the Swedish Energy Agency’s SEAN-R
Publications Department, Box 310, SE-631 04 Eskilstuna.

Fax: +46 16 544 22 59. Telephone: +46 16 544 20 00. E-mail: forlaget@stem.se

Further information on the Agency’ s publications can be found on its web site,

www.stem.se

Energy in Sweden on the internet

Energy in Swveden is avail able as adownloadabl e pdf file from the Agency’ sweb site
(www.stem.se). It can be found in several ways, but the simplest is to click on
Publicationsand then do asearch (Find) for Energy in Sveden. Thiswill producealist of all previouseditionsof Energyin Sweden,
Energy in Sveden, Facts and Figures and the overhead picture series.

Energy and Climate

in Sweden

Scenarios 2010

I[tem no. 1376

The Swedish Energy Agency
has produced a number of scen-
arios of Sweden’s carbon dioxi-
deemissions, extending to 2010,
as part of thework called for the
Climate Convention, Theresults
are presented in this publication.

[ wmyp ! e v e

|
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If you encounter difficulties, contact the Agency’s publications section or the postmaster at stem@stem.se.
Alternatively, you can contact the Agency by telephone on +46 16 544 20 00.
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Figure 1 ¢ Energy supply and use in Sweden 2001, PJ

Natural gas incl. Waste heat
gasworks gas 25
Electricity import 32
- export
-25

Biofuels,

Crude oil and oil products peat etc.
691 353

Total energy supply? by types of energy carrier 2001 ¢ 2 217 PJ?

Natural gas incl.
gasworks gas

22

Biofuels,
Oil products peat etc. Electricity

486 227 479
Total final use 2001 by carriers 1 433 PJ!

Domestic
Industry transport
540 331

Total final use 2001 by sectors 1 433 PJ!

1 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.

2 Including windpower, 162 PJ.

3 Foreign maritime trade and energy for non-energy purposes.



Efficient and environmentally
sustainable energy system

The Swedish Energy Agency is engaged on promoting a secure, environmental -
ly sustainable and efficient energy system in Sweden.

The Swedish Energy Agency is the central Swedish authority on energy. The
Agency supports a large number of research and development programmes in
the field of energy, in close cooperation with universities, institutes of technol-
ogy and industry. Priority is given to renewable energy sources and alternative
fuels.

The work on reducing the climatic impact of the energy sector is pursued on
both national and international levels. The Agency also participates in a number
of energy projects in the EU and in other international cooperation. Develop-
ments on the energy markets are continually analyzed.

The Swedish Energy Agency monitorsthe operations of network companiesand
promotes more efficient energy markets. By 2003, the Agency isresponsible for
the electricity certificate system. New effortsin training, information and advice
areaimed at stimulating more efficient energy utilization by industry and house-
holds. In addition, the Swedish Energy Agency is also responsible for prepared-
ness mattersin the field of energy.

Swedish
Energy Agency

Swedish Energy Agency, PO. Box 310, SE-631 04 Eskilstuna
Tel +46 16 544 20 00. Fax +46 16 544 20 99. www.stem.se
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