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Corrections Electricity Market 2001
Table 1 and table 4 (page 5 and 8) have been updated with the latest available statistics for the year 2000. In table 4 electricity

consumption in basic chemical industry has been corrected for the years 1998, 2001 and 2010.

Table1 ● Electricalenergygeneratedin Swedenin 1990, 1995-2000 and forecastsfor 2001 and 2010, TWh

1990 1995 1996 1997 1998 1999 20005 2oo1 2010

Generation’ 142.2 143.9 136.0 145.2 154.6 150.9 141.8 138.8 149.4

Hydro power 71.5 67.0 51.0 68.2 73.8 70.7 78.0 67.8 67.0

Wind power o 0.1 0.1 0.2 0.3 0.4 0.4 0.5 2.0

Nuclear power 65.3 67.0 71.4 66.9 70.5 70.2 54.8 60.3 68.3

Other thermal power 5.6 13.5 9.9 9.9 9.6 8.6 10.2 12.1

CHP in industry 3.1 3.8 4.5 4.2 4.0 4.5 4.2 4.5 4.9

CHP in district heating networks 2.1 5.5 5.4 5.3 5.7 4.3 4.3 5.5 7.0

Condensing power 0.3 0.4 3.6 0.4 0.2 0.2 0.1 0.2 0.2

Gas turbines2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Consumption 139.7 142.2 142.2 142.5 143.9 143.4 146.5 148.1 154.6

of which network losses 10.7 8.3 9.4 11.6 12.7 11.4 10.9 10.6 11.3

Imports-exports4 -2.5 -1.7 6.1 -2.7 -10.7 -7.5 4.7 9.3 5.2

1 Net generation, i.e. excluding in-house energy used in the power stations.

2 The item has ken redefined compzwed to 1996 rmd covers only gas turbines tlrrrt serve as stand-by for the power system

3 Due to rounding-off, the total suers do not always a~ee with the sum of the individual items.

i For 1990, imports-exports also include a statistical mrry-over.

5 The figures for the year 2000 are based on prelirniruuy statistics.

Source For the years 1990-1999, Energy in Sweden, 2000, National Energy Adrrrinistratiorr. For the year 2000, EN20, Statistics Sweden, For the year 2001,
Energy supply in Sweden, 26 Febnrary 01), Nationnf Energy Adrninis@ation. For 2010, “EB 22)01, Energy and Climate, National Energy Adrnirrkmtion, 2000.

Table4 ● Electricityconsumptionbetween1990, 199+2000, and forecastsfor theyears2001 and 2010, TM%

1990 1995 1996 1997 1998 1999 2000’ 2001 20?0

Industry; of which 53.3 51.7 50.9 52.6 52.8 53.5 56.1 55.4 58.6

pulp and paper industry 20.0 19.1 19.3 20.5 21.1 22.0 22.8 22.7 23.2

basic chemical industry, etc. 6.2 5.6 5.5 5.8 5.8 5.9 5.8 5.9 7.0

ironworks and steelworks 4.8 5.0 4.9 5.0 5.0 5.0 5.4 5.3 5.8

engineering industry 7.2 7.1 7.0 7.0 7.1 7.o 7.o 7.0 7.5

Residential, commercial,

services etc. 63.3 72.3 73.0 69.6 69.5 70.0 69.9 73.0 75.0

of which electric heating’ 25.8 25.3 27.3 26.1 23.9 21.5 20.8 23.8 28.9

domestic electricity 17.9 19.7 20.1 18.7 19.5 19.2 19.7 19.9 21.1

electricity for appliances 19.6 27.3 25.6 24.8 26.1 29.3 29.4 29.3 25.0

Transport 2.5 2.5 2.5 2.4 2.5 2,5 2.6 2.6 3.2

District heating, refineries 10.0 7.5 6.3 6.2 6.4 6.1 6,9 6,6 6.6

Conversion and

distribution losses 10.7 8.3 9.4 11.6 12.7 11.4 10.9 10.6 11.3

Total net consumption 139.7 142.2 142.2 142.5 143.9 143.4 146.5 148.1 154.6

Total net temperature-

corrected consumption 142.9 142.5 141.2 143.2 144.9 144.7 149.3 148.1 154.6

1 Irrformation on eleco’ic heating, domestic elechicity and electricity for appliances for the years 199( L1999has ken obtained from our own calculations and information from
EN16 SM series from Stafisdcs Sweden. llre figures have been rrvised corrrpnred tu tie previous issue. ‘flrefigures for the years 2000,2001 aud 2010 are forecasts.

2 The figares for the year 2000 are based on preliminary statistics

Source For the years 1990-1999, Energy in Sweden, 2000, National Energy Administration. For Ore year 21X0, EN 20, Statistics Swerizn. For the year 2001,
Energy supply in Sweden, 26 February 01, National Energy Administration. For 2010, “EB 2:2001, Enzrgy am-lClimate, National Energy Adrniuistration, 2000



The electricity markets in the Nordic coun-

tries have undergone major changes since

the electricity market reform work was

started in the early 1990s. Sweden, Norway

and Finland have had a common electricity

market since 1996. The work of also re-

forming the Danish electricity market was

begun in the year 2000.

The objective of the electricity market

reform is to introduce increased competi-

tion, to give the consumers greater freedom

of choice and also, by open and expanded

trade in electricity, create the conditions for

efficient pricing.

The Swedish National Energy Adminis-

tration is the supervisory authority as speci-

fied in the Electricity Act, and one of the

tasks entrusted to it by the Government is to

follow developments on the electricity mar-

ket and to regularly compile and report cur-

rent market information.

The purpose of the “Electricity market

2001” publication is to meet the need for

generalized and readily accessible informa-

tion on the conditions on the Nordic market.

Iceland is not included in the description.

The publication also includes summaries of

information from recent years concerning

electricity generation and utilization in the

Nordic countries, the structure of the elec-

tricity market from the players’ perspective,

trade in electricity in the Nordic countries

and in Northern Europe, electricity prices in

the Nordic and other countries, and the im-

pact of the electricity sector on the environ-

ment. m

Eskilstuna, August 2001

Thomas Korsfeldt

Director-General

Becky Petsala

Head of Dept. of Energy Policy Analysis



Developmentson theelectrici~ market

The electricity markets in the Nordic coun-

tries have undergone extensive changes dur-

ing the past decade. The electricity markets

in Sweden, Norway and Finland have been

opened to competition to all electricity

users, whereas Denmark has opened its elec-

tricity market only to customers whose elec-

tricity consumption is high. After Jutland

joined Nerd Pool in 1999 and Zealand in

the year 2000, all of the Nordic countries,

with the exception of Iceland, are now par-

ticipating in trade on the electricity exchange.

The purpose of the electricity market re-

form was to introduce competition and ex-

pand the freedom of choice to the consumers.

Better utilization of resources would be pro-

moted by economic incentives, which would

result in economic benefits both to society

at large and to individual consumers in the

form of lower electricity prices. So what

developments have taken place after the re-

form?

Before the reform, all Nordic countries

had the objective of being self-sufficient in

electricity, even though trading in electri-

city did take place. Today, electricity is an

energy raw material that can be traded and

delivered across national borders. The vol-

umes of trade between countries have in-

creased. This has led to more efficient util-

ization of existing resources and to reduced

need for expanding the generation capacity.

The availability of a common trading

place – Nerd Pool – has resulted in more

efficient pricing. In addition, the exchange

price can be used as a reference for the bi-

lateral trade that takes place outside Nerd

Pool. The border tariffs between Norway,

Sweden and Finland have been abolished,

which has also contributed toward making

trade more efficient.

Fallingehxtricityprices
Electricity prices on the Nordic spot market

had been falling up to the end of the year

2000. A contributory factor was the keener

competition, although the decisive element

was the good availability of inexpensive

hydro power during the period between 1997

and 2000. The low electricity prices have re-

sulted in declining margins for the electricity

generators and electricity traders. The price

of electricity to the end customer did not fol-

low the trend of the spot price. In Sweden,

the high electricity tax has led to many cus-

tomers facing a higher total electricity price.

The total electricity price in Norway has also

increased somewhat, whereas domestic and

industrial customers in Finland have enjoyed

lower electricity prices.

However, spot prices increased substan-

tially in the beginning of the year 2001 due

to low precipitation and cool weather con-

ditions in the Nordic countries.

One effect of the low electricity prices is

that Sweden became a net importer instead

of a net exporter during the year 2000, in

spite of an abundant supply of water and

high availability of the nuclear power units.

This was because the power utilities began

adjusting their electricity generation rate to

suit the price of electricity. The outputs of

several of the nuclear power stations were

reduced due to the low electricity prices,

and Sweden imported electricity instead,

principally from Norway.

Structural changes
Extensive restructuring is taking place in

the power industry. Power utilities are de-

veloping towards larger and more integrated

energy companies, with operations in sev-

eral countries. Swedish companies are look-

ing for new markets and are increasing their

ownership in neighboring countries. At the

same time, foreign companies are increas-

ing their ownership in Sweden. The large,

dominating Nordic companies such as

Vattenfall, Statkraft and Fortum have ac-

quired holdings in competing companies on

the Nordic market and have thus increased

the market concentration.

Structural changes have also taken place

in the field of electricity trading. In Sweden,

growing numbers of local authorities have

sold their electricity trading companies in

pace with the stiffening competition, while

small private electricity trading companies

have been taken over by bigger companies.

In certain cases, municipal electricity trad-

ing companies have merged to form bigger

companies. New Swedish and foreign play-

ers who have no electricity generation or

network operations of their own have en-

tered the electricity trading market.

Riskaf power shortage in Sweden?
Another effect of low electricity prices and

increased competition is that most of the

Swedish oil-fired condensing power stations

that had previously served as reserve cap-

acity have been decommissioned for eco-

nomic reasons. The electricity market re-

form led to the withdrawal of the contrac-

tual demands that the larger utilities should

have stand-by generation capacity available.

The costs of keeping gas turbine and oil-

fired condensing power plants in service

could no longer be justified.

In addition to the decommissioning of

the 2500 MW of stand-by capacity, the shut-

down of the Barseback 1 unit caused a fur-

ther loss of 600 MW. This has reduced the

availability of power in southern Sweden.

The balance has been weakened further by

the Swedish nuclear power stations being

run at part load. The consequent power shoti-

fall expectations have led to a substantial

rise in prices on the spot market on a number

of occasions during the winters of 2000 and

2001. To reduce the risk of short-term power

shortages, Svenska Kraftnat has undertaken

to acquire 1000 MW of the mothballed stand-

by generation capacity.

Riskof powershotige
Competition on the electricity market has

led to the decommissioned of generation

plants with high operating costs. A large

proportion of the decommissioned gener-

ation capacity consists of base-load gener-

ation plants, i.e. generation capacity that has

a high degree of utilization and availability.

Today Sweden’s neighboring countries.

above all Denmark and Germany, have ex-

cess capacity. However, on an electricity

market that is open to competition excess

capacity is expected to be reduced in the

longer term. So the opportunities available

to Sweden and also to other Nordic coun-

tries to import electricity will decrease in

the long run.

At the same time the demand for base-

load generation capacity is expected to in-

crease throughout Europe. One reason is the

expansion of windpower. If the wind power

should account for a large proportion of the

generation capacity in northern Europe.

quick-starting stand-by capacity will have

to be available, in order to safeguard the

power balance on occasions when wind

power is incapable of generating sufficient

electricity. In the event of future decommis-

sioning of nuclear power in Sweden and

Germany, the need for base-load generation

capacity will increase further.

Although adequate reserve capacity is

available in the Nordic power system for

meeting the energy demand during years

when the precipitation is normal, the gen-

eration capacity is already stretched during

electricity consumption peaks. Norway and

Sweden are dependent on electricity imports

even during normal years. So in the event of

extremely low precipitation, the Nordic

countries may experience an energy shoti-

age, and if lengthy cold spells should occur

in the winter, a substantial power shortfal I

could arise. m



If an integrated electricity market is to per-

form well, it is vitally important to have

common rules and conditions on the mar-

kets of the individual countries. The energy

policies in other countries, and above all in

the Nordic countries, have therefore become

of growing importance to Sweden.

In recent years, environmental matters

have played an increasingly decisive role to

energy policy. In many countries, the en-

ergy sector is a major source of emissions

of carbon dioxide, sulphur dioxide and also

nitrogen oxides. The contribution of the elec-

tricity generation sector to the emissions in

the Nordic countries is relatively limited,

due to the large proportion of emission-free

electricity generation. However, Denmark

is an exception, since the country’s coal-

fired electricity generation accounts for a

significant proportion of the total emissions.

Measures aimed at counteracting acidifica-

tion and over-fertilization were taken a long

time ago, and the work is continuing. Ex-

tensive international work is now in progress

in the field of climate, which has resulted in

the Kyoto protocol. This is an agreement

between industrialized countries on redu-

cing carbon dioxide emissions up to the

period of 2008–2012 by around 5 % from

the emission level in 1990.

Sweden
Sweden opened its electricity market to com-

petition in 1996, when extensive changes were

made in the Swedkh electricity legislation.

In 1999, all electricity customers were given

the option of changing their electricity sup-

pliers without incurring costs, since the de-

mand for hourly metering was abolished.

Towardsa sustainableenergysystem
In June 1997, the Riksdag (the Swedish par-

liament) decided on new guidelines for the

Swedish energy policy. The objective of the

energy policy is to secure, in the short term

and in the long term, the availability of elec-

tricity and energy from renewable energy

sources on terms that are competitive in re-

lation to the surrounding world. The energy

policy must create the conditions for effi-

cient energy utilization and a cost-effective

Swedish energy supply. At the same time,

the impact on health, the environment and

the climate must be low, and conversion to

an ecologically sound society must be fa-

cilitated. A comprehensive energy policy

programme was started, with the aim of fa-

cilitating the change-over and the develop-

ment of the energy system. A total of SEK 9

billion is being allocated over a period of

seven years. Moreover, according to the en-

Source: Nordel

ergy policy decision, decommissioning of

nuclear power will be initiated. The first

reactor, Barseback 1, was shut down on 30

November 1999. The second reactor in this

station will be shut down only if the result-

ing loss of generation capacity can be com-

pensated by the supply of new electricity

generation capacity and by reduced con-

sumption of electricity. In October 2000,

the Government decided that the conditions

for shutting down the plant were not met,

but that they ought to be met before the end

of 2003. A further appraisal will be made

during the autumn of 2001.

Swedish climatestrategy
and trade in emission rights

The results of two studies in the field of

climate were reported in April 2000. The

Climate Committee submitted its proposal

for a Swedish climate strategy (SOU

2000:23). The proposal comprises targets

aimed at Sweden meeting its national and

international commitments, and also a plan

of action for achieving the targets. One of

the proposals was that Sweden should act as

the motive force for the introduction of

European trade in emission rights for green-

house gases. The national measures com-

prise information campaigns linked to dem-

onstration projects and investment grants.

As a short-term target for the period be-

tween 2008 and 2012, it is suggested that

emissions should be reduced by 2 VO. How-

ever, the internal EU distribution based on

the EU commitment in Kyoto gave Sweden

the right to increase its emissions by 4 %.

In addition, the study entitled “Act to

achieve the climate targets. Cost-effective

solutions using jlexible mechanisms in the

jield of climate” (SOU 2000:45) also sub-

mitted its report. The investigation was prin-

cipally focused on how a national trading

system in emission rights could be designed.

The report suggests that Sweden together

with the EU should introduce a system of

trade in emissions as from the year 2005.

The Government intends to table a climate

policy draft bill in the autumn of 2001.

Greencerfilicates
and irade in emissions

An investigation is currently in progress for

the purpose of drawing up a system of green

+



Energyand environmentalpoliciesin theNordic countries

certificates for electricity from renewable

energy sources (N 2000:07). The system is

intended to supersede today’s support sys-

tem that will be in force up to and including

the year 2002. The investigation will be sub-

mitting its report in October 2001.

A review of the energy tax system is also

in progress. The aim is to make the system

more transparent and more environment-

related. As an element in making the system

more environment-related, the Government

decided in the spring of 2000 to begin a

green tax exchange in the year 2001. In the

tax exchange system, the tax on environ-

mentally harmful activities is raised, at the

same time as the taxes on work are lowered.

The tax exchange will cover a total of SEK

30 billion over a period often years. In ad-

dition, an evaluation of the energy tax model

prepared by the Tax Exchange Committee

(DS 2000:73) was presented in the spring of

2001, and is intended to serve as a basis for

further work of preparing a strategy for con-

tinued tax exchange.

Norway

Norway opened its electricity market to com-

petition back in 1991. Profile settlements of

consumption were introduced in 1995,

whereby all electricity users were given the

opportunity to change over to a different

electricity supplier free of charge.

The 1999 energy strategy of the Norwe-

gian Government specifies that the energy

policy shall be drawn up so that it underpins

an ambitious environmental policy. The gen-

eration and utilization of energy must con-

form to environmental demands, and the

energy prices should reflect, as far as pos-

sible, the environmental costs. Increased

generation should be based, to a greater ex-

tent, on renewable energy sources. The tar-

get is that a further 4 TWh of water-borne

heat generated by renewable sources should

be put to use, and that wind power should be

expanded so that the annual energy gener-

ation will increase to 3 TWh before the year

2010. Another objective is to restrict the

energy consumption and reduce the depend-

ence on electric heating.

Possible expansion of gas-fired power

generation plant has been the subject of dis-

cussion in Norway for a number of years. In

1996, the Norwegian Water Resources and

Energy Directorate gave the Naturkraft AS

company a permit to build two gas-tired

power stations in western Norway. In 1999,

the “Norwegian Pollution Control Author-

ity” decided on the emission condition, but

these are now the subject of appeals by sev-

eral Norwegian environmental organiza-

tions. The matter is now awaiting a decision

by the Department of the Environment. In a

communication to the Norwegian Parliament

in April 2001, the Government emphasizes

the importance of preparing the expansion

of gas-fired power generation capacity, since

it is considered that a dry year would lead to

serious consequences to the power balance

in the Nordic countries. The Government

also considers it important to carry out up-

grading and expansion of smaller hydro

power plants.

In addition, a study (Quota Committee)

submitted a proposal in December 1999 for

a national system of transferable emission

rights. The matter is now being prepared by

the Government, and the proposal for a na-

tional trading system in carbon dioxide emis-

sions by the year 2005 is expected to be

submitted during 2001.

Finland
The Finnish Electricity Market Act came

into force in 1995, and the electricity mar-

ket was opened to all Finnish electricity

users in November 1998, when consump-

tion profile settlements were introduced for

electricity customers with low consumption.

Finland’s energy strategy was approved by

the Finnish Parliament in 1997. A main ob-

jective according to the strategy is to use

economic regulatory instruments and mar-

ket economy mechanisms to create the con-

ditions for a secure energy supply and com-

petitive prices. In addition, the emissions to

the environment must be such that Finland

will meet its international obligations. An-

other objective is to accelerate the develop-

ment and commercialization of energy-effi-

cient technology and technology that em-

ploys renewable energy. A special plan of

action for renewable energy sources was

adopted in 1999, and a new energy saving

programme was presented in the year 2000.

The national Finnish climate strategy pre-

sented to the Finnish Parliament in March

2001 states that the use of coal must be re-

duced either by expansion of nuclear power

or by increased use of natural gas, or by a

combination of the two. In 2000, a Finnish

consortium applied for permission to build

a new nuclear power station. A decision in

the matter is expected in the summer of 2001

at the earliest.

Denmark
Theelectricity market in Denmark has not

yet been opened to competition to the same

extent as in other Nordic countries. The first

step was taken in 1999 when the market

was opened to electricity customers whose

annual consumption exceeded 100 GWh.

Since 1 January 2001, all customers with an

annual consumption of more than 1 GWh

will have the freedom to choose their elec-

tricity suppliers, and the Danish electricity

market will be fully opened to competition

by 2003.

The Danish electricity policy is focused

on reducing the environmental impact of’

electricity generation. “Energi 21”, which is

a Danish government’s plan of action, states

that the most important means of achieving

reduced environmental impact are to develop

renewable energy sources, improve energy

efficiency, and adapt the energy sector to a

reformed energy market. Coal will be phased

out of the Danish electricity generation sys-

tem by the year 2028 by measures such as

support for the conversion from coal to

biofuels.

Another important measure is to intro-

duce a system of transferable carbon diox-

ide quotas for electricity generation during

the period between 2001 and 2003. A ceil-

ing of 22 million tonnes has been set for

carbon dioxide emissions for the year 2001.

compared to the 23 million tonnes emitted

by electricity generation in 1999. The ceil-

ing will subsequently be reduced by 1 mil-

lion tonnes annually. A carbon dioxide

charge of DKK 40 per tonne of carbon diox-

ide will be imposed on emissions beyond

the quota.

Another important part of the reform was

the continued prioritizing of environment-

friendly electricity generation. To create a

market for renewable energy, a system of cer-

tificates for electricity from renewable

sources, known as green certificates, is being

introduced. Trade in green certificates is ex-

pected to begin in 2002. Moreover, a regula-

tion has been introduced in the Electricity

Act specifying that all electricity consumers

shall purchase a growing proportion of elec-

tricity from renewable sources. The minimum

quota is set by the Ministry for Energy and

the Environment. At the time of settlement,

electricity consumers must be able to “dem-

onstrate” by means of green certificates that a

certain proportion of the electricity is from

renewable sources. The minimum quota for

the year 2003 has been set at 20 %.

A new climate policy programme was

presented in March 2000, and this contained

both new and already decided measures. The

measures related to the electricity sector are

outlined above. a



The supply of electricity in the Nordic coun-

tries is based on hydro power, nuclear power,

coal-fired condensing power, and combined

heat and power (CHP) generation in district

heating systems and in industry. In addition,

there are minor amounts of oil-fired con-

densing power, gas turbine power and wind

power. In Norway, electricity is generated

predominantly by hydro power, and in Den-

mark by conventional thermal power. The

Finnish electricity generation system is based

on conventional thermal power, nuclear

power and hydro power. In Sweden, hydro

power and nuclear power normally account

for around 95 Y. of the total electricity gener-

ated. In the past, oil-fired condensing power

and gas turbine power have served as re-

serve capacity in the Swedish power gener-

ation system, although many of these plants

have now been taken out of service for eco-

nomic reasons.

Ektricify generation in Sweden
Figure 2 shows the Swedish electricity bal-

ance week by week during 1999 and 2000.

Electricity generation varies with the elec-

tricity consumption, and the generation rate

is therefore high during the winter and low

in the summer. The annual overhauls of the

nuclear power units are scheduled for the

summer, when the electricity demand is at

its lowest. The water reservoirs are filled

during the spring and summer, and the

water stored in them is then used during the

winter and up to the spring floods. When

the hydro power and nuclear power cap-

acities are insufficient, the electricity short-

fall is generated in conventional thermal

power plant or is imported.

During 2000, hydropower accounted for

55 VO of Swedkh power generation, nuclear

power accounted for just over 38%, and

fossil-fired and biofnel-fired generation for

just over 6%. The total electrical energy

generated dropped by almost 6 % compared

to 1999 and amounted to 142 TWh. The

reason for the drop is that the energy gener-

ated by the Swedish nuclear power plants

dropped by just over 15 TWh compared to

1999. According to the latest available stat-

istics (which differ from the particulars in

Table 1), the energy generated by hydro

power was the highest ever in Sweden at

almost 78 TWh. In spite of this, Sweden’s

role changed from that of net exporter to net

4



importer. Table 1 shows the Swedish elec-

tricity balance, and the estimates made by

the National Energy Administration of de-

velopments in the short term and in the some-

what longer perspective. The assessments

are based on the energy policy decisions

taken by the Riksdag, one of the elements of

which is that today’s system of taxes and

charges is expected to persist throughout the

forecast period. In both forecasts, the first

reactor in Barseback is assumed to have been

decommissioned. Nuclear power generation

is expected to be reduced also during the

year 2001, whereas the forecast for 2010

assumes “normal year generation”. The as-

sessments are otherwise based on various

assumptions concerning economic develop-

ments in the coming few years.

Ekcfn”citygeneration in Finland,

Norway and Denmark
The values of electrical energy generated in

Finland, Norway and Denmark are shown

in Table 2. Electricity generation in Den-

mark is based predominantly on coal firing

and natural gas firing in combined heat and

power (CHP) plants and in condensing

power stations. A minor proportion of elec-

tricity generation is based on biofuels. In

2000, the electricity generated in conven-

tional thermal power stations accounted for

just over 87 % of the total electricity gener-

ated in Denmark. The stated objective in

“Energi 21”, which is the Danish Gover-

nment’s long-term plan for sustainable de-

velopment of energy in Denmark, is that the

use of biofuels for electricity generation

should increase. This will take place by in-

creased use of straw and wood chips, and by

biofuel-fired boiler stations being converted

to CHP plants.

Denmark has the highest proportion of

wind-generated electricity in the Nordic

countries. In the year 2000, Danish wind

power stations accounted for 12 % of the

total electricity generated in the country.

Denmark also has a small amount of hydro

power, although this is not detectable in the

statistics. In March 2001, the Danish En-

ergy Agency presented a forecast of future

energy consumption and carbon dioxide

emissions (“Forecast of Denmark’s energy

consumption and C02 emissions” [in Dan-

ish]). According to the forecast, the electrical

energy generated is expected to increase

from 35 TWh today to between 51 and 53

TWh in 2004. Wind power and new waste-

fired combined heat and power stations are

expected to account for some of the increased

generation. Since electricity consumption is

expected to increase to only 37 TWh by

2010, electricity exports will probably in-

crease.

In Finland, electricity generation is based

on conventional thermal power, nuclear

power and hydro power. In the year 2000,

conventional thermal power accounted for

46% of the total electricity generated, nu-

clear power for 32 ‘ZOand hydro power for

21 %. The most widely used fuels in the

Finnish thermal power stations are biofuel,

followed by coal, natural gas and peat. A

small proportion of the electricity generated

was based on fuel oil. Finland has relatively

Wind power generation in the Nordic
countries has increasedfrom OTWh in
1990 to just under 5 TWh in 2000, of which
Denmark accounted for 4.2 TWh.

high electricity imports from neighboring

countries, and the net electrical energy im-

ported in 2000 amounted to around 12 TWh.

To be able to meet the growing electricity

consumption and to reduce the dependence

on imports, the Finnish electricity genera-

tion system must be expanded. This had led

to discussions on whether nuclear power

generation capacity should be expanded. An-

other alternative discussed is the construc-

tion of natural gas fired power plants. These

two alternatives for reducing the consump-

tion of coal and thus the emissions of cM-

bon dioxide are given in the Finnish na-

tional climate strategy published in March



2001. In the year 2000, a Finnish consor-

tium applied for a permit to build a new

nuclear power station. A decision in the

matter is expected in the summer of 2001 at

the earliest. In the absence of a decision, it

has been difficult to make a realistic fore-

cast of Finnish electricity generation.

Electricity generation in Norway is based

principally on hydro power. In 2000, hydro

power accounted for 99.5 % of the total elec-

tricity generated in Norway. The remaining

generation consisted mainly of natural gas-

fwed power. Expansion of natural gas-fired

power generation is also being considered

in Norway. The long-term programme for

the period 2002–2005 presents a forecast

for electricity supply and demand. Accord-

ing to the forecast, domestic generation is

expected to increase from 122 TWh in 1999

to 133 TWh in 2010, principally by the con-

struction of new gas-fired power stations.

Moreover, the Government target is that

wind power should generate 3 TWh by 2010

at the latest.

Insfalled capocily

in the Nordiccountries
Table 3 shows the total net installed cap-

acity in the Nordic countries at the end of

2000. The wind power generation capacity

has increased both in Sweden and in Den-

mark. In Sweden, the instrdled power in wind

power stations has increased by 26 MW dur-

ing 2000, while in Denmark it has increased

by 614 MW. The available Swedish gas tur-

bine capacity has dropped by just over 140

MW during 2000. H

Hydropower accounts for around 60% of the total electrici~ generated in the Nordic countries.



The development of electricity consumption

is dependent on the growth rate of the na-

tional economy. Since 1990, the total elec-

tricity consumption in the Nordic countries

has increased at an average rate of 1.2 % an-

nually. The rate of increase was highest in the

residential, commercial and services sectors,

which is due to factors such as the growing

services sector in which increasing numbers

of electrical equipment, such as computers,

are used, and the increased use of electric

space heating in Finland and Norway.

Ebricify consumption in Sweden
Since the early 1970s, electricity consump-

tion in Sweden has been increasing by an

average rate of 3910 annually. The rate of

increase was high in the 1970s, but then

tapered off. During the period between 1990

and 1999, the actual electricity consump-

tion increased by a total of 2.6%, although

after correction for ambient temperature, the

increase in consumption during the period

was only just over 1 ‘%o.The sector compri-

sing dwellings, commercial premises, serv-

ices, etc. now accounts for just under half of

the total electricity consumption, while in-

dustrial consumption amounts to somewhat

more than one third. The forecasts for Swed-

ish electricity consumption in the years 2000,

2001 and 2010 are shown in Table 4.

Industry

Electricity consumption in industry is linked

to the economic activity in the various in-

dustrial sectors. During the 1980s, indus-

trial production grew at a rate of about 270

annually and electricity consumption at a

rate of around 3 ?ioannually. During the re-

cession in the early 1990s, industrial pro-

The highest increase in electricity consump-
tion since 1990 has been recorded in the resi-
dential, commercial and services sectors.



duction declined by an average of 3.5 % an-

nually, which led to a downturn in electri-

city consumption by 1.370 annually between

1990 and 1994. During the period between

1997 and 1999, electricity consumption in-

creased by just under 2 Yo. The upturn was

due mainly to the high growth rate in the

pulp and paper industry.

Electricity consumption varies from one

industrial sector to the next. Electricity-

intensive industries, such as the mining in-

dustry, the pulp and paper industry, the ba-

sic chemicals industry, and ironworks and

steelworks, accounted for around 65 YO of

the total industrial electricity consumption

in 1999. Almost 90 Yo of the electricity con-

sumption in industry is used for processes

and for motor drives.

Residential, commercial, services, etc.

In the residential, commercial and services

sector, electricity is used for heating single-

family and multi-family dwellings, commerc-

ial and public premises, for supplying do-

mestic electricity in dwellings, and for ap-

pliances in commercial and public premises.

The electricity used for street and road light-

ing, and for water and sewage treatment is

also included.

Electric space heating currently accounts

for about 30% of the total electricity con-

sumption in the residential, commercial and

services sector. The actual consumption for

electric space heating varies from year to

year, depending on factors such as tempera-

ture conditions. Towards the end of the

1990s, the electricity consumption for space

heating was lower than in the earlier part of

the decade. During 1998, a grant was intro-

duced for the conversion of electrically

heated houses to district heating or to indi-

vidual fuel fiing, with the aim of lowering

the amount of electric space heating. Grants

were not paid during 1999 and 2000 due to

a temporary stop ordinance, but payment of

grants was resumed from 1 June. Electric

space heating is expected to increase after

the year 2000 due to the increased constmc-

tion of new single-family houses and the

high fuel oil prices.’

Domestic electricity accounts for 27 %

of the total electricity consumption in this

sector. This consumption has not followed

any definite trend during the 1990s, but is

expected to increase in the next few years.

Electricity for appliances, which currently

accounts for around 40 YO of the electricity

consumption in this sector, has increased

most steeply during the 1990s. This increase

Industry accounts for around 40% of the electricity consumption in Norway and Sweden, 55 %
in Finland and 30 To in Denmark.

is due mainly to the numerous items of elec-

trical equipment in the services sector.

Transport

In the transport sector, electricity is used

mainly for powering trains, underground

trains and trams. The transport sector ac-

counts for a very small proportion of the

total national electricity consumption, and

amounts to less than 2 %. The consumption

between 1990 and 1999 has remained rela-

tively stable at around 2.5 TWh annually.

DMrict heating and refineries

The consumption of electricity in the district

heating sector consists mainly of supplies to

electric boilers and the power supplied for

driving heat pumps. Supplies to electric boil-

ers dropped from 6.2 TWh in 1990 to 1.5

TWb in 1999. During the same period, the

electrical energy supplied for driving heat

pumps was just over 2 TWh annually. The

electricity consumption in refineries is rela-

tively constant at 0.8 TWh annually.

Forecasts for the years

2000,2001 and 2010

Table 4 shows the electricity consumption

forecasts for the years 2000,2001 and 2010.

It should be borne in mind that the forecasts

are based on different assumptions concer-

ningeconomic developments and develop-

ments in oil prices.

The electricity consumption is expected

to increase by less than 0.77. annually be-

tween the years 2000 and 2010.

E/eetricityconsumption
in Denmark,Norway and Finland

Between 1990 and 2000, electricity con-

sumption in all Nordic countries increased

as shown in Table 5. The highest rate of

increase was recorded in Finland, at an aver-

age annual rate of 2.5 ‘%0since 1990. During

the same period, the rate of increase in Swe-

den was 0.4 % annually.

In Norway and Finland, the industrial

sectors account for a large proportion of the

totaI electricity consumption at 407. and

55% respectively. This is because, just like

Sweden, both countries have a large propor-

tion of energy-intensive industry. In Den-

mark, which has a different industrial struc-

ture, industry accounts for around 30% of

the electricity consumption, but a larger pro-

portion is used in the residential, commer-

cial and services sector (about 60 %). This

is explained by the relatively large agricul-

tural sector in Denmark.

Up to the year 2010, electricity consump-

tion is expected to increase most steeply in

Finland, at the rate of 1.6 % annually (to 93

TWh by 2010), followed by Norway with

an annual growth rate of 1.3 YO (to 133 TWh

by the year 2010). The electrical energy con-

sumption in Denmark is expected to increase

from 35 TWh to only 37 TWh, which corres-

ponds to 0.6% annually.

In the international perspective, all Nor-

dic countries have a relatively high average

per capita electrical energy consumption. Im-

portant reasons for this are the high propor-

tion of electricity-intensive industry and the

1Energy supply in Sweden, 26 Febmag 01, Swedish National Energy Administration.

relatively cool climate. See also the section

entitled “An international perspective”. =



In the Nordic countries, hydro power ac-

counted for just over 6070 of the power

generated in 2000. The total installed gen-

eration capacity at yearend was46701 MW.

Just under 60% of the installed hydro power

is in Norway, 34 qo in Sweden, and 6 YO in

Finland. Hydro power generation in Den-

mark is marginal. In a normal year, the total

energy generated in the Nordic countries

amounts to between 180 and 190 TWh, but

the year 2000 was extremely wet and the

total energy generated was 234 TWh.

Hydropower in Sweden

Sweden has more than 700 large hydropower

stations, each with an installed power of more

than 1.5 MW. In addition, there are also

around 1200 small hydro power stations that

together generate around 1.5 TWh annually.

The four biggest rivers account for around

65 % of the total energy generated by hydro

power in Sweden (see Table 6).

During a year with normal water inflow,

hydro power has the capacity to generate

64.2 TWh of electrical energy, which corres-

ponds to roughly 45 % of the total electricity

generated in the country. Hydro power gen-

eration can vary widely, depending on the

water inflow and the reservoir contents. In

extremely dry years, such as 1996, produc-

tion may amount to no more than 51 TWh,

whereas in wet years, it could theoretically

total 78 TWh. The highest annual electrical

energy generated so far was recorded in 2000

and amounted to 77.8 TWb. The maximum

water volume in the long-term reservoirs cor-

responds to an energy of 33.6 TWh. Figure 5

shows the energy generated by hydro power

during the past three years.

The electrical energy generated by hydro power in the Nordic countries reached a record of 234
TWh in 2000. During “normal” years, the energy generated is between 180 and 190 TWh.

Water inflow

The year 2000 began as a normal year, but TWh. The inflow during a normal year,

the inflow became much higher than nor- which was defined as the median for the

mal during the summer, autumn and winter, inflow during the period between 1950 and

and so was the energy generated. The total 1996, corresponds to 64.5 TWh. So the year

inflow during the year corresponded to 91.3 2000 was an extremely wet year. The water

‘Table7 * Ehxtr$culenergygtmeraiedby hydrapowerin Norway,
Fir&mdandI@marlc, TWh,and insfafiedcapacity,MW, in 2000

Enwgygener&d, TWh Mulied capaciw,MW

Norivay ~ “. 1:2 27463

Finland ~4. 2938.
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inflow rates during the past three years are

shown in Figure 3.

Reservoirconfents
During the fust quarter of 2000, the reser-

voir contents were just below normal, but

rose to much higher than normal during the

next three quarters. This was due to the high

inflow rate during the autumn. At the begin-

ning of 2001, the reservoirs were 76.2% full,

which corresponds to 25.6 TWh or around 3

TWb above average and about 5 TWh higher

than on the corresponding date in 1999. The

reservoir contents in recent years and in a

normal year are shown in Figure 4. The res-

ervoir contents dropped at the beginning of

2001 and approached the mean value for the

period between 1950 and 1999. The content

of the snow reservoir was low thk year, and

the spring flood was therefore lower, above

all in the rivers in the north of the country.

Investment grants

for small-scale hydro power

The energy policy decision in June 1997 in-

cluded an investment grant appropriation for

small-scale hydro power. The grant appro-

priations for the five-year period beginning

on 1 July 1997 amounted to SEK 150 mil-

lion. The grant payable amounts to 15% of

the investment cost. This measure was ex-

pected to be capable of yielding 0.25 TWh

annually of new generation capacity. No

grants were paid during 1997 and 1998 due

to the doubts concerning the environmental

demands that would be made on the plants if

they were to qualify for the grant. A total of

27 applications were received between 1997

and 2000. Three of these were withdrawn.

Out of the remainder, ten have been awarded

grants, of which one was withdrawn. The

total new generation capacity is estimated to

be 3.9 GWh during a normal year.

Hydro power
in Norway, Finland and Denmark

Virtually all of the electricity generated in

Norway is based on hydro power, with only

about 0.5 TWh coming from other genera-

tion sources. The energy generated during

2000 amounted to 142 TWh. During the

same year, Finland generated 14 TWh of

electricity in hydro power stations. The en-

ergy generated by hydro power in Denmark

is marginal. During the 1990s, it varied be-

tween 0.02 and 0.03 TWh, and was 0.03

TWh in the year 2000. m



Power generation system - Nuclear power

12

Six nuclear power stations with a total of 15

reactors are now in operation in the Nordic

countries. Out of this total, eleven reactors

are in Sweden and four in Finland.

The electricity generated in a nuclear

power station is determined by the avail-

ability of the plant and by its maximum out-

put. The maximum output is restricted by

the thermal loading and the capacity of the

generators. The electricity generated can be

increased by raising the outputs of the nu-

clear power stations, but this often involves

major modifications or extensions.

Awilability and energyutilization
Availability is determined by the unsched-

uled outages and the annual overhaul shut-

downs. During overhaul shut-downs, which

take place in the summer when the electri-

city demand is a minimum, maintenance and

inspection work are done on the reactors,

and the reactors are also refuelled. The over-

haul normally takes around four weeks and

reduces the maximum full-year energy avail-

ability to 85–90 %.

The degree of energy utilization in nu-

clear power reactors is restricted by load

reductions and by coast-down. Load reduc-

tion involves lowering the power output of

the plant for economic reasons. The amount

of load reduction is dependent on factors

such as the demand for electricity and the

availability of hydro power.

Coast-down or output reduction necessi-

tated by fuel bumup involves adjusting the

degree of enrichment of the fuel with the

aim of minimizing the fuel costs. As a result

of variations in the demand for electricity, it

is not economical to charge the reactor so

that maximum output will be achieved. Fuel

charging is therefore adjusted so that the

generation capacity of the reactors gradually

declines during a period of a few weeks prior

to every overhaul shut-down.

Nuclear power in Sweden
In 2000, the electrical energy generated by

nuclear power in Sweden amounted to 54.8

TWh and accounted for 39 % of the total

net electricity generated. This is much lower

than in 1999, when nuclear power stations

generated 70.1 TWh of electrical energy,

representing 4770 of the total electricity gen-

erated.

One reason for the low generation rate

was that the availability of hydro power was

good, which led to low electricity prices and

little need for other power. This led to exten-

sive power balance control in the nuclear

power stations. Some reactors were shut down

for certain periods, which had never occurred

before. Load reduction accounted for a gen-

eration loss of 11.6 TWh. Other reasons for

the lower generation rate in the year 2000

were that the first reactor in Barseback was

shut down on 30 November 1999, and that

certain technical problems in two of the

Ringhals reactors caused a substantial increase

in the duration of the overhaul shut-down.

The availability of the Swedish reactors

in 2000 varied between 57 and 95 ?ZO,the

average being around 83’ZO.The equivalent



international mean value for these reactor

types was about 80%. In three of the reac-

tors, the energy availability exceeded 90~0

(see Table 9).

The availabilities of the various reactors

are affected by the extent of the annual over-

haul shut-down. During 2000, the overhaul

shut-downs of most of the reactors pro-

gressed according to plan. However, sev-

eral of the reactors were shut down earlier

than scheduled due to the low power de-

mand. The overhaul shut-downs of two of

the Rhghals reactors were unusually long,

which caused major generation loss and

lower availability figures.

Operatingpermifs

far nuclear power stations
The original permits for the Swedish nu-

clear power reactors had no time limits.

However, according to Clause 8 of the Nu-

clear Engineering Operations Act, special

conditions can be imposed to maintain

safety. As long as the permit holder meets

the provisions of the legal requirements on

safety, the permits cannot be revoked. To

shut down a reactor, the Nuclear Power

Decommissioning Act must be invoked. This

Act was passed by the Riksdag in Decem-

ber 1997. According to Clause 2 of this Act,

the Government may decide for each nu-

clear power reactor that the right to operate

that reactor shall cease on a certain date.

Barseback 1 was shut down on 30 No-

vember 1999. The Government considers

that Barseback will be shut down before the

end of the year 2003 at the latest, provided

that the loss of generation capacity can be

compensated by reduced electricity con-

sumption and by increased availability of

new generation capacity. An assessment of

The nuclear power stations in Nordic countries generated 77 TWh during 2000, which corres-
ponds to around 14 % of the total electrical energy generated.

whether the conditions have been met will Table 10 shows the commissioning year,

be made during the autumn of 2001. the gross output and the availabilities of the

Finnish reactors in the year 2000. The gross

Nuclear power in Finland output includes the station’s own power de-

Flnland has two nuclear power stations in mand. During 2000, the energy generated

operation, with a total of four reactors. These by the Finnish nuclear power stations was

power stations account for around 30% of 21.6 TWh, which is 1 TWh lower than the

the total electricity production in Finland. corresponding value in 1999. M



Powergeneration system - Conventional thermalpowerand newtechnologies

Conventional thermal power plants gener-

ate electricity by burning various fuels. The

fuels used in the Nordic countries are coal,

fuel oil, natural gas, peat and biofuels. Ex-

isting technologies are continually being

developed, although research is also in

progress for developing new electricity gen-

eration technologies.

Conventional fhermalpower in Sweden
During 2000, the electrical energy gener-

ated in Sweden by conventional thermal

power amounted to 8.9 TWh, which corres-

ponds to roughly 6 % of the total electricity

generated. Tables 11 and 12 show the ele-

ctrical energy generated and the fuel distr-

ibution in conventional thermal power sta-

tions in the Nordic countries in the year 2000.

In CHP stations in district heating net-

works, coal and also blast furnace gas ac-

counted for 50 9ioand fuel oil for 16 ‘%0of

the fuel supply for electricity generation in

2000. The proportion of fuel oil has dropped

since 1999. Natural gas accounted for 8910

and biofuels, peat, etc. for 2070. For tax

reasons, the proportion of fossil fuels in elec-

tricity generation is high. The use of biofuels

and fuel oil dominate in industrial CHP gen-

eration. These fuels accounted for 57 ?toand

40% respectively of the fuel supply for elec-

tricity generation during 2000.

Due to the decommissioning of the con-

densing power stations, the installed con-

ventional thermal power capacity in Swe-

den has decreased in recent years. In view

of the stiff competition on the market, power

utilities did not consider it economically

viable to operate the power stations, since

they were used only for peak lopping and

thus served as stand-by power. On the Nor-

dic electricity market, the power utilities im-

port electricity instead from neighboring

countries. In 1996, there were seven major

condensing power plants with a total rating

of about 2820 MW. Today, only one of

these plants, with an output of around 340

MW, is available for generation.

Conventional thermalpower
in fhe Nordic countries

In Denmark, conventional thermal power

accounts for 88 Yoor 30 TWh of the electrical

energy generated. Out of this total, coal and

natural gas supplied most of the energy for

electricity generation at 55 ‘%0and 27 Tore-

spectively during 2000. Only 6% came from

biofuels.

In Finland, the proportion of conventional

thermal power is46%and accounts for31.2

TWh of electrical energy. Out of this total,

biofuels account for 43 %, and coal and nat-

ural gas for around 26 ~0 each.

In Norway, less than 1% of the total elec-

tricity generated originates from conven-

tional thermal power.

New electricity genera~iontechnologies
For a new technology to achieve commer-

cial breakthrough, it must be competitive

and must be clearly capable of capturing a

market in the foreseeable future. Even

though the Swedish energy market is of spe-

cial interest, Swedish technology-develop-

ing companies must generally have the

stimulus of a potential international market.

In addition to its technical potential, the com-

petitiveness of a new technology is deter-

mined by a number of other factors, such as

the development of electricity prices, fuel

prices, taxes, grants and the prospect of ob-

taining the necessary permits. An outline is

presented below of the new electricity gen-

eration technologies, including CHP, which

according to the report entitled “Electricity

from new plants”, published by Swedish

Electric Utilities’ R&D Company are near-

est to achieving commercial breakthrough

during the period up to 2010.

The evaporative gas turbine, also known

as Humid Air Turbine (HAT), is a technol-

ogy designed to increase the efficiency of a

gas turbine by putting to use the energy in

the hot exhaust gases. The system is cap-

able of achieving the same efficiency as a

combined cycle, although at a lower invest-

ment cost, and is a strong competitor to nat-

ural gas fired combined cycle plants and

other gas turbine processes. There is only

one demonstration plant (600 kW~l~C)in the

world today, but the interest is keen.

In the gasification of biofuels, the gas

produced is used in a combined cycle, which

leads to increased electrical efficiency. The

electrical efficiency of demonstration plants

is estimated to be just over 30 Yo,but in an

optimized commercial-scale plant, the at-

tainable electrical efficiency could be be-

tween 40 and 45 ‘ZO.Swedish interest will be

dependent on the price of electricity or on

political regulatory measures.

In an indirectly-fired gas turbine, the fuel

is burned in a conventional solid fuel boiler,

and the heat is transferred to the working

medium of the turbine by means of a heat

exchanger. The benefit of this arrangement

is that there is no risk of the turbine being

damaged by impurities from the fuel. The

limitation lies in the capacity of the heat

exchanger. The technique, which is an al-

ternative to efficient solid fuel fired CHP

generation, may be of interest to Sweden,

principally when linked to biofuels.

Microturbine is the name given to tur-

bines with an electrical output of between



30 and 200 kW. These could be used for

distributed electricity generation and for

small-scale CHP generation. The automo-

tive industry is also showing keen interest

in microturbines. Sweden is at the forefront

of development, thanks to the efforts of

Vattenfall and Volvo.

The Stirling engine is a heat engine with

external combustion, and uses air or a gas as

the working medium. Stirling engines are

used today in various applications, such as

submarines. Another interesting application

is for hybrid vehicles. In a perspective of

more than ten years, small-scale biofnel-fued

CHP generation incorporating Stirling en-

gines may become of interest.

In a fuel cell, electrical energy is gener-

ated directly from chemical energy by means

of an electrochemical cell. The design of

this cell is roughly the same as that of a

battery, with one electrode on each side of

an electrolyte. The difference is that the elec-

trodes are not consumed, since the reacting

elements, i.e. hydrogen and oxygen, are con-

tinuously supplied. Fuel cell technology is

being developed mainly in North America

and Japan. The strong driving force is the

interest in applications in the field of trans-

port. The technique may also be employed

in small-scale CHP generation.

Solar cells can be used for converting

solar light directly into electricity. The tech-

nique is considered to be too expensive for

conventional power generation. As a result,

the solar cell technique will continue to be

used only in certain niche markets. Solar

cells are typically used today in places to

which it would be difficult to run ordinary

power supply cables, such as remotely lo-

cated lighthouses.

EnergyAdminisfrafion

supparfs newtechnology
By supporting research and development in

the field of energy, the Swedish National

In Sweden and Finland, biofiels account for a large proportion of the conventional thermal
power generated (about 40 ‘Yo),whereas coal is the dominatingfiel in Danish thermal power
(around 50 %).

Energy Administration promotes the devel- ministration. These programmed comprise

opment of new technology capable of con- new techniques for electricity generation

tributing towards the emergence of an eco- based on the sun and wind, and also the

nomically and ecologically sustainable en- development of fuel cells and superconduc-

ergy system. During 2000, two research pro- tors. In addition, the Energy Administration

grarnmes were in progress in the field of provides partial funding for a number of de-

electrotechnology, with most of the finan- velopment programmed and competence

cing provided by the National Energy Ad- centres. M



E/ectrici~from renewableenergysources

A renewable energy source is one that can

reproduce at the same rate as it is used. Re-

newable energy sources include hydro

power, wind power, bioenergy, solar energy

and geothermal energy. Figure 6 shows the

percentages of the total generated by renew-

able energy sources in the Nordic countries.

Renewable ehxfricify

generation in Sweden

Sweden has a relatively high proportion of

electricity from renewable energy sources

thanks to the hydro power that generated

77.8 TWh during 2000, which represents

55 % of the total electrical energy generated

in Sweden. In conventional thermal power,

the use of biofuels has increased. During

2000, biofuels were used to generate about

3.6 TWh of electrical energy, which corres-

ponded to 40 % of the energy generated by

conventional thermal power. Wood fuels

account for half of the biofuel quantity sup-

plied, and are used in district heating CHP

plants (1.2 TWh) and in industrial CHP gen-

eration (1. 1 TWh). In addition, black liq-

uors and tall oil were used in industry to

generate just under 2.0 TWh.

The number of wind power units in Swe-

den is steadily increasing. Contributory rea-

sons for this development are the falling

costs, increased awareness of climate issues,

expectations that revenues from electricity

sales will increase, and Government sup-

port systems. The ratings of the wind power

units installed in recent years have increased,

and most of the wind turbine suppliers now

produce units with ratings of 1000 kW or

above. The contribution of wind power to

the electrical energy generated during 2000

was 0.44 TWh.

Swedish supporf
for renewable electricity generation

Biofuel-fired CHP plants in Sweden attract

a Government investment grant of SEK

3000 per kW installed, or a maximum of

25 % of the investment cost. Grants are given

for investments that result in the addition of

new generation capacity. Nine plants with a

total output of 164 MW and an estimated

annual generation of 0.84 TWh were

awarded grants. The plants are being com-

missioned successively from tbe year 2000,

and all of them are expected to be in oper-

ation by the year 2003.

Electricity generated in small-scale

plants, i.e. with an output of less than 1500

kW, is entitled to a special grant of 9 orel

kWh generated.

New wind power units in Sweden are sub-

sidized through an investment grant and an

operation grant corresponding to the electri-

city tax in southern Sweden, i.e. 18.1 ore/kWh.

Anew support system for renewable elec-

tricity generation by means of green certifi-

cates is currently being studied. The investi-

gation is scheduled for completion by the

end of October 2001.

Oenmark

Out of the 30 TWh of electrical energy gen-

erated in conventional thermal power plants

in Denmark, biofuels accounted for only 1.7

TWh. In Denmark, the interest in wind Wwer

has been greater than in Sweden, which is

largely due to the Danish financial support

system. At the end of 2000, the total in-

stalled wind generation capacity was around

2380 MW. In 2000, the total electrical en-

ergy generated by Danish wind power plants

was 4.2 TWh, which represents 12 To of the

total electrical energy generated.

The Danish Government has adopted a

long-term plan, according to which the use

of biofuels in the energy sector will increase

to 24 TWh by 2005 and to 40 TWh by 2030.

Denmark has decided to introduce a sys-

tem of trade in green certificates by the year

2002. In the longer term, consumers will be

obliged to purchase a certain proportion of

renewable electricity through green certifi-

cates, which will replace the support given

to electricity generated from renewable en-

ergy sources. In the present transitional ar-

rangement, financing of the earlier high

Government grants is transfemed to elec-

tricity users. The support for renewable en-

ergy sources consists of a fixed price that is

guaranteed for 10 years to plants built be-

fore 2003, and also an electricity generation

surcharge. In addition, investment support

is available for the development and dem-

Norway

Hydropower in Norway generated 142 TWh

of electrical energy, which represents 99.5 %

of the total electrical energy generated in

the country in 2000. The installed capacity

of wind power is very low compared to those

in Denmark and Sweden. At the end of 2000,

the installed capacity of wind power was 13

MW and the electrical energy generated was

0.03 TWh. In Norway, wind power is subsid-

ized by investment and operation grants. The

operation grant amounts to half of the Nor-

wegian electricity tax, and investment grants

are awarded to wind farms with a total in-

stalled power in excess of 1500 kW and in

which every unit has a rating of at least 500

kW. The investment grant amounts to 25 %

of the approved cost, up to 8000 NOK/kW.

Finland
Hydropower accounted for 14.4 TWh or 21 %

of the total electrical energy generated during

2000. Finland uses biofuels in conventional

thermal plants to generate around 9.3% or

13.2 TWh of the electrical energy generated

in the country. Fhland operates an invest-

ment grant system for development and in-

vestment projects aimed, for example, at pro-

moting the use of renewable energy sources.

Grants of 10--35% of the approved invest-

ment sum are allowed for such investments.

In addition, a lower generation grant is al-

lowed for electricity generated in small

hydro power stations, small peat-fired CHP

stations, and power stations fuelled with wood-

based fuel or waste gases from metallurgical

processes. Wind power plants attract a higher

generation grant, which is equivalent to the

electricity tax. In 2000, the installed wind

power capacity in Finland was 38 MW, and

the energy generated was 0.08 TWh. m

Non-renewoble
electricitygeneration
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In the Nordic countries as a whole, electric

power generation accounts for only a small

proportion of the emissions, since the sys-

tems comprise a large proportion of hydro

and nuclear power. The exception is Den-

mark, where power generation is based on

firing with fossil fuels. Hydro and nuclear

power plants are not entirely devoid of en-

vironmental impact, but they are virtually

emission-free during normal operation.

Fuel-fired power generation
Combustion of a fuel gives a rise to various

types of atmospheric emissions. Carbon di-

oxide, nitrogen oxides and sulphur dioxide

are described below in somewhat more de-

tail. In addition to these, emissions also in-

clude dust, hydrocarbons, carbon monox-

ide, reduced nitrogen (ammonia) and nitrous

oxide (N20). Dust (particulate) contributes

towards fouling, but may also give rise to

human respiratory tract ailments. Certain

hydrocarbons are carcinogenic and contrib-

ute to the formation of photochemical smog,

e.g. ozone. If inhaled, carbon monoxide im-

pairs the oxygen absorbing capacity. To

some extent, ammonia is oxidized to nitrate,

nitrogen oxides and pure nitrogen, but most

of it is deposited on the ground with the

precipitation in the form of ammonium

(NH,+). Nitrous oxide contributes to the
greenhouse effect.

Out of the fossil fuels, natural gas is the

“cleanest” fuel, being practically free from

heavy metals and sulphur, and giving rise to

about 40 ~olower carbon dioxide emissions

than coal and 25 % lower than fuel oil. The

combustion of biofuels is assumed to cause

no net contribution to the carbon dioxide

emissions to atmosphere, provided that the

biomass harvesting rate does not exceed the

growth rate. On the other hand, the emis-

sions of methane and nitrous oxide (green-

house gases), carbon monoxide and ammo-

nia caused by firing with biofuels are some-

what higher than those caused by fossil

fuels. Peat includes sulphur, the content of

which varies with the type of peat. Peat ex-

tracted in the vicinity of sulphurous soil and

rock strata often has sulphur contents of up

to 10 % measured on the dry weight.

Carbon dioxide emissions

Carbon dioxide (CO,) is a gas formed dur-

ing combustion. Emissions of carbon diox-

ide lead to increased greenhouse effect. CaI-

bon dioxide also leads indirectly to break-

down of the ozone layer, since it causes a

temperature rise in the atmospheric layer

nearest to the earth, which leads to a corres-

ponding temperature drop in the layer be-

yond it, and ozone depleting compounds are

more active at lower temperatures.

Nitrogen oxides and sulphur dioxide

Nitrogen and sulphur oxides (NOXand S02)

are formed during combustion. The nitro-

gen originates mainly from the combustion

air, which contains almost 80 % nitrogen.

The sulphur originates from the fuel. The

gases are converted in the atmosphere into

nitric acid (HNOq) and sulphuric acid

(H2SOq), and are deposited with the precipi-

tation, which is known as wet deposition, or

are deposited directly as sulphur dioxide or

nitrogen oxide, which is known as dry depos-

ition. Nitrogen oxides contribute towards

acidification, but mainly to over-fertiliza-

tion, since nitrogen is absorbed in biomass

in a larger proportion than sulphur. Nitro-

gen oxides also contribute to the formation

of photochemical smog, which causes dam-

age to the flora and to the respiratory tracts

of animals and people. Sulphur oxides con-

tribute principally to acidification.

Hydro power

Unlike the environmental impact caused by

the emission of atmospheric pollutants, the

environmental impact of hydro power is

mainly local and regional. The construction

of a hydro power plant affects the environ-

ment by changing the landscape pattern and

the biotopes, by reducing the biological di-

versity, and by disturbing fisheries, the care

of cultural relics, and our open-air activities.

The damage caused by hydro power to the

landscape is serious and basically irreparable,

and is not confined to the run of the river, but

also affects the surrounding landscape.

Nuclear power

The limit values for radioactive emissions

have been set so that individuals (personnel

at the power station) who are exposed to it

will not receive an annual dose in excess of

+



Environmentalimpactof thepowergenerationsystem

0.1 mSv. Compared to this, the natural back-

ground radiation gives an annual dose of 4

mSv. Under normal circumstances, the emis-

sions are far below the limit value. The en-

vironmental impact of nuclear power lies in

the management of the radioactive waste

occurring during operation, and risks of

major emissions incurred in the event of an

accident, and also in the mining of uranium.

Wind power

The environmental impact of wind power

consists of the changes it causes to the land-

scape scene, since large areas of land are

needed if wind power is to make a signifi-

cant contribution to the total electricity gen-

erated. When running, wind power units can

also emit sound that may be perceived as

disturbing, and they may also cause radio

communication interference. In the construc-

tion of offshore power plants, disturbances

may be caused to the fauna, principally to

birds. There is no evidence of any other di-

rect environmental effects.

Emissionsfrom

eledricify generation in Sweden
In 1999, power generation accounted for just

under 570 of Sweden’s total carbon dioxide

emissions, which amounts to 3 million

tonnes. Power generation is exempt from

carbon dioxide tax, which has led to an in-

crease in the use of fossil fuels for electri-

city generation.

According to the emission scenarios

drawn up by the Climate Committee, Swe-

den will probably meet its commitments to

the Kyoto protocol (up to the year 2010,

Sweden is entitled to increase its emissions

of greenhouse gases by 4 ‘%oabove the level

in 1990). Further information is available

from the “Energy and climate in Sweden”

publication EB 2:2001.

Sulphur and nitrogen oxide emissions from

power generation have remained constant

during the 1990s, with the exception of 1996,

which was a dry year and hydro power gen-

eration was consequently low. The loss of

hydro power generation capacity was com-

pensated by increased production in plants

such as oil-fired condensing power stations.

In 1999, emissions from power generation

included just over 4000 tonnes of sulphur

oxides and 3100 tonnes of nitrogen oxides.

Most of the sulphur and nitrogen depos-

ition in Sweden originates from sources

abroad. This is due to the fact that sulphur

and nitrogen compounds have a residence

time in the atmosphere of between a couple

days and sometimes up to a week before

they are deposited on the ground. Sweden,

Electn”city generation in Denmark accounts for around 40 % of the total carbon dioxide emis-
sions in the country, compared to 5 ‘ZOof the emissionsfiom Swedish electrici~ generation.

which is in the west wind belt, is exposed to

low pressures and fronts from the west and

north-west. Winds from the south also carry

large quantities of air pollutants to Sweden

when high pressures build up over the Con-

tinent. But Sweden also exports atmospheric

pollutants to neighboring countries, mainly

to Russia, Finland, Poland and the Baltic

States, although most of the pollutants are

deposited into the sea.

Emissions per kWh have displayed a

downward trend throughout the 1990s, with

the exception of 1996, which was due to the

low hydropower generation rate during that

year. Table 13 shows Sweden’s total carbon

dioxide, sulphur dioxide and nitrogen oxide

emissions between 1990 and 1999. Table

14 shows the emissions per kWh during the

same period.

Regulationson nitrogen oxide

and sulphur dioxide emissions
The Riksdag has set guidelines for nitrogen

oxide emissions from combustion plants.

Guideline or limit values are specified for

each individual plant.

When the Environmental Act (1998:808)

came into force, an ordinance (1998:897)

on environmental quality standards was also

issued. The environmental quality standards

list the 24-hour, weekly and annual mean

vahres that must not be exceeded in popula-

tion centres of a certain size, and also an-

nual mean values for protecting the vegeta-

tion outside these centres. Environmental

quality standards for sulphur dioxide have

now been set and, from 1 January 2006,

standards will also be in force for nitrogen

dioxide. The various municipalities are en-

trusted with the task of checking conform-

ance to the standards. No permit may be

granted for new operations if the environ-

mental quality standard would thereby be

exceeded. In such cases, disturbances from

existing sources would have to be reduced

to create a window for the new operations

within the framework of the environmental

quality standard.

Since 1992, an environmental charge has

been levied on emissions of nitrogen oxides

from boilers and gas turbines with an en-

ergy output of at least 25 GWh/year. The

sulphur content of fuel oils is regulated by a

special ordinance. This ordinance also con-

tains limit values for sulphur for certain coal-

fired plants. A sulphur tax is levied on fuels

that contain sulphur. Biofuels are exempt

from the sulphur tax.

Emissionsfrom power generation

in the Nordic counfries
The emissions of sulphur and nitrogen ox-

ides from the power generation system in

Denmark are the highest among Nordic coun-

tries in terms of both total emissions and

emissions per kwh of electricity generated

(see Table 14). This is due to the fact that

power generation in Denmark is based prin-

cipally on firing with fossil fuels. Finland

also has a relatively high proportion of elec-

tricity generation based on combustion. Nor-

way bases its power generation on hydro

power, which causes virtually no emissions.

The picture for carbon dioxide emissions

is the same. Table 14 shows the emissions

per kWh of S02 N02 and COZ in Denmark,

Finland and Sweden between 1990 and 1999.

However, the emissions of C02, S02 and

N02 have dropped since 1990. This is due

mainly to improved combustion et%ciency

and, in the case of Denmark, also heavy

investments in wind power. ❑



Trade in electricity takes place between a

variety of player types. Generation utilities

sell electricity to distributors, end custom-

ers and other generators. Distributors sell

electricity to end customers, other distribu-

tors and, in certain cases, to generators. The

players trade through bilateral contracts or

through Nerd Pool – the Nordic electricity

exchange.

Interchange of electricity between the Nor-

dic countries began back in the 1960s. Trade

between the countries was then managed by

the dominating players in each country.

Fromgenerationopfimizafian
fa Nordicelectricity exchange

Swedkh power utilities have long had close

cooperation. National joint operation began

in 1938 when Vattenfall and Krtingede AB

began interchanging power. Up to 1994, the

major generators had agreements concer-

ningjoint optimization of power generation.

Temporary interchanges of power, within

the framework of generation optimization,

dominated sales among the generators. A

new system was introduced in 1995 in which

all electricity generators were included in

the interchange of power. This optimization

ceased at the 1995/96 turn of the year, when

entirely new conditions were introduced for

the players on the electricity market.

In January 1996, the existing electricity

exchange in Norway, i.e. Statnett Marked

AS, was made available to Norwegian and

Swedish players on equal terms, and an of-

fice was opened in Stockholm. Statnett SF,

the Norwegian grid utility, owned Statnett

Marked AS. In April of the same year, the

Svenska Kraftnat grid utility purchased 50 %

of the shares. In conjunction with this, the

name of the company was changed to Nerd

Pool – the Nordic Electricity Exchange.

The Finnish electricity exchange, known

as EL-EX, began operations in August 1996.

On 1 September 1996, the Finnish Imatran

Voiman Oy (IVS) network utility took over

responsibility for the northern links with

Sweden, which meant, in practice, that these

were opened to all players. Trade between

Sweden and Finland had previously been

handled by Vattenfall and IVS. Norwegian

and Swedish trade with Finnish electricity

generators initially took place on EL-EX.

Today, EL-EX is used only by Swedish and

Finnish players for buying and selling ex-

cess generation capacity in the same 24-hour

period in which delivery is to take place, in

order to balance generation with sales of

electricity. Svenska Kraftnat now owns 50 To

of the shares in EL-EX, and FINGRID, the

Finnish grid utility, owns the remaining

50 %. Since 1998, the Finnish electricity

generators have been able to sell electricity

on Nerd Pool and, at the beginning of 2001,

there were 30 Finnish players.

During 1999, western Denmark joined

Nerd Pool as a price area, and eastern Den-

mark joined in October 2000. At the begin-

ning of 2001, there were 17 Danish players.

More playersand bigger frade volumes
The players in Nerd Pool include power gen-

erators, distributors, industrial companies

and dealers or traders. At the beginning of

2001, there were 281 players, which is an

increase of 17 on the preceding year. The

players come mainly from the Nordic coun-

tries, but the proportion of players from out-

side the Nordic countries has increased dur-

ing last year. The number of Swedish play-

ers increased from 45 on 1 January 1999 to

61 on 1 January 2001. Norway is represented

by 156 players. Electricity on Nerd Pool is

traded on the spot market (24-hour market)

and the forward market (hedging in the

longer term). The spot market handles con-

tracts for delivery during the next 24-hour

period. The forward market is a financial

market and handles contracts with a time

horizon of up to four years.

The volume of trade on the spot market

has increased every year since deregulation

of the electricity market. During 2000, the

physical market turnover was 96.9 TWh of

electricity, which represents an increase of

almost 29 Yo on 1999. Trade on the forward

market increased by more than 66 YO to

358.9 TWh. Moreover, 1 179.5 TWh were

cleared in bilateral contracts, which is an



increase of more than 70910on 1999. Clear-

ing of bilateral contracts involves Nerd Pool

acting as the opposite party to sellers and

buyers in bilateral forward contracts. The

companies thus eliminate the risk of the op-

posite party being unable to meet its con-

tractual obligations. For this service, Nerd

Pool levies a charge and requires the com-

panies to deposit a security sum in a blocked

bank account in order to cover the risk taken

by the electricity exchange in acting as the

opposite party.

E/ecfricifytrade
beiweeniheNordic countries

As a result of the changes on the electricity

market in the four Nordic countries, Swed-

ish electricity traders are now able to sell

electricity directly to customers in Denmark,

Norway or Finland, and Swedish customers

can purchase electricity from foreign elec-

tricity trading companies that wish to estab-

lish themselves on the Swedish market. Sev-

eral Swedish electricity trading companies

now have agreements with generators in

neighboring Nordic countries for the im-

port and export of electricity on long-term

contracts. Long-term contracts with custom-

ers in other countries are also becoming in-

creasingly common.

Trade in electricity can balance tempor-

ary national shortfalls and surpluses of elec-

tricity. The flows of trade between the Nor-

dic countries vary over the year and from

year to year, depending on the temperature

and precipitation, and on fluctuations in the

business climate. The most important guid-

ing factor is the water inflow into the Swed-

ish, Norwegian and Finnish reservoirs. Dur-

ing the winter, when the inflow to the reser-

voirs is low and the electricity demand is

high, the need for imports in Sweden and

Norway increases. During such periods,

Sweden and Norway therefore import elec-

tricity from Denmark and Finland, both of

which have a high proportion of condensing

power generation capacity. This generation

has higher variable production costs than

hydro power generation, but is not depend-

ent on the weather. In the spring and sum-

mer, the Swedish and Norwegian water res-

ervoirs are well filled, and the electricity

consumption is low. During this period,

hydro power generation in the Nordic elec-

trical system therefore covers a large pro-

portion of the electricity needs of the Nor-

dic countries. As a result, Sweden and Nor-

way are then net exporters of electricity. In

wet years, Sweden and Norway are net ex-

porters of electricity all the year round.

Electricity is exported to countries such as

Denmark and Finland, since the variable gen-

eration cost of hydro power is lower than

that of condensing power. During years with

low precipitation, the trade flows are re-

versed, and Sweden and Norway have

greater need for importing electricity, mainly

from Denmark, but also from Finland, both

of which generate electricity in condensing

power stations. Germany and Russia also

participate in electricity trade with the Nor-

dic countries, although they cannot trade on

Nerd Pool. In August 2000, a DC link was

commissioned between the Swedish County

of Blekinge and northern Poland, which thus

marked the beginning of electricity trade

with Poland. Trade between Denmark and

Germany is currently the most extensive

trade with countries outside the Nordic
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The trade$ows between the Nordic countries vary during the year and from year to year, depending on the ambient temperature, precipitation
atifluctuations in the business climate. During 2000, Sweden was a net importer, and most of the imports came from Norway.

group. Figures 7, 8 and 9 show how the

trade flows have changed during 1999 and

2000.

1996 was a distinctly dry year and, although

normally a net exporter of electricity, Sweden

imported large amounts of electricity, princ-

ipally from Denmark. 1997, 1998 and 1999

were wet years with higher than normal in-

flows of water, and Sweden was therefore a

net exporter of electricity during those years.

2000 was a wet year, and hydro power in

Sweden achieved a new generation record,

although the country was still a net importer,

due mainly to the record-low generation in

the nuclear power stations and the low price

of Norwegian hydro power electricity.

Sweden’s imports of electricity rose

steeply during 2000 to 18.3 TWh, compared

to 8.5 TWh in 1999. Sweden imported 15.7

TWh of electricity from Norway. Exports of

electricity from Denmark, Finland and Ger-

many to Sweden remained the same as in

1999. Net Swedish imports during 2000

amounted to 4.7 TWh, as shown in Table 15.

Sweden’s total exports of electricity to

neighboring countries during 2000

amounted to 13.5 TWh, which represents a

drop of 2.6 TWh horn 1999. Exports to Den-

mark and Finland increased slightly, but

those to Norway and Germany decreased.

Sweden exported 8.2 TWh to Finland, which

represents an increase of 1.3 TWh from

1999. Exports to Denmark increased by 1.5

TWh. Norway’s imports from Sweden de-

creased by 5.0 TWh. The largest amount of

electricity was exported during the first half

of the year and during the summer months,

when the supply of Swedkh hydro power

was high.

Table 16 shows that Norway and Swe-

den are the countries in the Nerd Pool re-

gion that trade most with one another. Den-

mark exports large amounts of electricity to

Germany, which is the only country that has

a land border with Denmark. The volume of

trade between Finland and Russia is some-

what lower than that between Denmark and

Germany. The difference is that Finland only

imports electricity from Russia, whereas

Denmark has both import and export trade

in electricity with Germany. Norway was

the country that exported most electricity

during 2000, while Sweden was the country

that imported most. m
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Disregarding taxes and grants, the costs of

electricity from the various generation

sources are roughly the same in the Nordic

countries. The electricity generation costs

shown in Figures 10 and 11 are based on

Swedkh electricity generation, but also show

the approximate level of electricity genera-

tion costs in all Nordic countries.

E~”sfinggeneration system
The variable electricity generation costs in the

existing system consist of fuel costs and also

operation and maintenance costs. The costs

are shown in Figure 10, and are calculated as

the average per type of power. The fuel prices

in the year 2000 were used in the calculations.

For hydro power stations, the variable

costs, including taxes, are around 4 ore/kWh

for all plants. The costs vary between 3 and

7 ore/kWh. Tax amounts to 3.6 ore/kWh on

average.

The variable generation costs of wind

power are between 4 and 6 ore/kWh, depend-

ing on the wind conditions and availability.

The average variable generation costs of

nuclear power are estimated to be around

8 ore/kWh, including tax and the nuclear

waste charge. In January 2000, the tax on

nuclear power was raised from 2.2 to 2.7

orelkWh, and was changed to a “power tax”

on 1 July 2000. This taxis payable monthly

at the rate of SEK 5514 per megawatt.

Considering combined heat and power

generation in industry, the pulp and paper

industry and sawmills have access to fuel

which is basically free of charge, e.g. bark

and black liquors. The plants also use fossil

fuels. The variable generation costs vary with

the fuel costs, which are lower for biofuels

and higher for fuel oil.

The variable generation costs for com-

bined heat and power generation in district

heating systems vary with the fuel used. The

lowest costs are for waste-fired generation,

and the highest for biofuels.

The variable generation costs in oil-fired

condensing power stations vary between 50

and 55 ore/kWh if heavy fuel oil is used. If

light fuel oil is used, the costs are between

60 and 65 ore/kWh. Gas turbines fired with

light fuel oil have the highest variable gen-

eration costs. Coal-fired condensing power

stations have a variable generation cost of

just over 21 ore/kWh.

New power generation planfs
The total electricity generation costs in new

power generation plants consist of variable

costs, capital costs and other fixed costs.

The costs shown in Figure 11 should be in-

terpreted and used with caution, since every

plant is unique, and local conditions are of

major importance to the total costs. This

applies particularly to costs of condensing

plants, since no such new plants have been

built in Sweden in the past two decades.

The calculations are based on 4% real inter-

est rate and a depreciation period of 20 years,

except for hydropower for which the depre-

ciation period is 50 years.

In large-scale construction of hydro power

plant, the generation cost is around 25 ore/

kwh. For individual large hydro power sta-

tions, the upper cost limit is estimated to be

around 35 ore/lcWh. For small-scale hydro

power generation, an investment grant of up

to 1S?io of the investment cost is available.

An investment grant of 15% of the in-

vestment cost was introduced on 1 July 1997

for wind power units with an output in ex-

cess of 200 kW. The total generation cost of

land-based wind power plant varies between

30 and 36 ore/kWh without investment grant,

depending on the wind conditions. With in-

vestment support, the cost is between 24

and 29 orelkWh. The cost of offshore wind

power is somewhat higher at around 40 ore/

kwh. In addition to the investment grant, an

operating grant of 18.1 ore/kWh is also al-

lowed, and a special operation grant of

9 ore/kWh for small-scale electricity gen-

eration (below 1500 kW).

The generation costs for oil-fired con-

densing plants, natural gas-fired combined

cycle plants, and coal-fired condensing

plants vary with the size of the plants. Wood-

chip fired condensing power plants are as-

sumed to be small, i.e. of the order of 50

MW. The large volume of fuel needed and

its handling restrict the plant size and result

in higher costs. The revenue from heat gen-

eration reduces the electricity costs in com-

bined heat and power plants, which is known

as heat crediting. Crediting is calculated on

the heat generated and its level in relation to

the alternative generation cost. In this case

too, the generation costs vary widely. The

scatter depends on the plant size, the fuel

used and the crediting selected.

A state investment grant is payable to

biofuel-fired combined heat and power gen-

eration plants that give a new contribution

to electricity generation. The operation grant

of 9 ore/kWh is also available to small-scale

biofuel-fired plants. &



The electricity prices charged vary between

different customer categories, between ur-

ban and rural areas, and between individual

Nordic countries. This is due to varying dis-

tribution costs, to differences in taxation,

subsidies and state regulations, and to the

structure of electricity market.

The total price of electricity charged to

the customer consists of

● price of electrical energy

● a network tariff – price of the network

service, i.e. for the transmission of elec-

tricity

● taxes – energy tax and VAT that is ap-

plied to the price of electricity, including

energy tax.

The price of electrical energy currently ac-

counts for around 25 Yo of the total price of

electricity to Swedish domestic customers,

the network tariff accounts for 35 %, and

the charges and taxes for 40 %. In Den-

mark, tax accounts for more than 60 YO of

the price of electricity, and in Finland and

Norway, it accounts for around 30 %.

On the reformed electricity market, elec-

tricity is traded in competition. Once the

customer is connected to the network, he is

free to buy electricity on the network from

the supplier who is best suited. Supply and

demand therefore determine the market

price. Trading takes place either through

the electricity exchange or through bilateral

contracts between two parties.

The Nordic electricity market has been

opened in stages to small electricity cus-

tomers. In Norway, domestic customers

gained the opportunity to change their elec-

tricity supplier free of charge when profile

settlement of consumption was introduced

in 1995. A similar change was introduced in

Finland in November 1998, and the demand

for hourly metering was abolished in Swe-

den in November 1999. The electricity mar-

ket will be opened to Danish domestic cus-

tomers in 2003.

Spat and forwardmarkets

The Nerd Pool electricity exchange is an

organized marketplace for trading in elec-

tricity. The benefit of trading on the exchange

is that the transaction costs are lower than

those for bilateral trade agreements. Just un-

der 30% of all electricity trade in the Nerd

Pool region now takes place through the elec-

tricity exchange.

On the Nerd Pool exchange, electricity is

traded on the spot market and on the for-

ward market. The spot market is a price ref-

erence for the Nerd Pool forward market

and for the remainder of the electricity mar-

ket. Since 1 March 1999, electricity is also

traded on the EL-EX balance adjustment

market after the electricity exchange has

closed.

The spot market is the Nerd Pool market

for physical deliveries of electric power. On

this market, the players trade in hourly con-

tracts for delivery in the next 24-hour

period. Before 1200 hours, the players send

in their bids for all hours of the next 24-hour

period. Buyers state how much electricity

they want to purchase hour by hour, and

what they are prepared to pay for it. The

sellers submit corresponding selling bids.

The bids of the players are compiled into a

supply curve (sales) and a demand curve

(purchases). The price is determined as an

equilibrium price at the point of intersection

of the supply and demand curves.

In the event of network limitations,

known as bottlenecks, the bidders must

specify the part of the system in which elec-

tricity is to be purchased or sold, which is

known as the notification area. The whole

of Sweden and the whole of Finland each

represents one notification area. Bottlenecks

in the respective country are handled by

means of counter-purchases. Norway has

several notification areas, and bottlenecks

are handled by price areas and capacity

charges, while Denmark has two notifica-

tion areas, i.e. west and east. The price

mechanism is used for regulating the power

flow in situations in which there are cap-

acity limitations in the network. If the power

flow between two areas should exceed the

capacity, the price is reduced in the surplus

area and is increased in the shortfall area

until the transmission requirement has been

reduced to the capacity limit. The spot mar-

ket can therefore be regarded as a combined

energy and capacity market.

There are difference prices, depending

on the pattern of power flow. The system

price is calculated without taking into ac-

count any transmission limitations. If price

calculations show that the power flow be-

tween two or more notification area exceeds

the capacity limit, two or more area prices

will be calculated. The difference between

the system and area prices is the capacity

price in each area. If the capacity between

notification areas is not exceeded, there will

be only one price area. In this case, the area

price will be equal to the system price, and

the capacity price will be zero.

The forward market is purely a financial

market without physical deliveries, and rep-

+
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resents an organized market for price assur-

ance and risk handling. The players on the

forward market can use financial contracts

to assure the prices of purchases and sales

of power up to three years ahead in time.

The result for the buyer will be a gain or a

loss on the price difference between the price

on the exchange at the delivery date and the

price at the purchase date. The system price

on the spot market serves as the underlying

reference for forward prices.

Higher exchange prices in 2001

In 2000, the average Swedish area prices on

Nerd Pool were at the same level as in 1998

and 1999, i.e. the electricity prices remained

low. The average area price was 12.0 ore/

kWh. The most notable features was that

the Swedish area price differed from the sys-

tem price more than it dld in the past. Dur-

ing the whole of the year 2000, the system

price was lower than the area price in Swe-

den. The main explanation is that Swedish

electricity generators reduced the produc-

tion in the nuclear power stations in order to

force arise in prices. This trend was broken

early in 2001. During the period between

January and April, the system price has in-

stead been at the same level as the Swedish

area price. The price level in the Nerd Pool

region had increased substantially early in

the year and is beginning to approach the

levels prevailing during the 1996 dry year.

During the period between January and April

2001, the average system price was 22.5

orelkWh. In the corresponding period of

2000, the system price was 11.3 ore/kWh.

The reason is the exceptionally low precipi-

tation, above all in Norway, combined with

weather that was cold for the time of year.

This has resulted in a rise in forward

prices. For the year 2002, the average for-

ward price was 18.8 ore/kWh (according to

the figures on 30 April 2001). Figure 12

shows an overview of the development of

the exchange price since 1996 and the for-

ward prices on 30 April 2001.

Priceof electricity

to the end customerin Sweden
While prices on the exchange vary widely

over the year and from year to year, con-

sumer prices have remained more stable. Due

to the increased competition, electricity trad-

ing companies have been obliged to adjust

their prices. As a result, the electricity trad-

ing prices have been dropping steadily since

1996. But the trend was broken at the begin-

ning of 2001 and prices began to rise as a

consequence of developments on the spot

market (see Table 17).

During 2001, the prices of electricity pay-

able by customers living in apartments in-

creased on average by 4.7 9Z0in current mon-

etary values compared to the year 2000. The

price to customers living in single-family

houses without electric heating increased by

3.4 %, and to customers with electric heat-

ing, by an average of 3.2 YO. The prices to

major customers, such as industrial plants

and agriculture, also rose. Table 17 shows

prices to customers with normal price agree-

ments, i.e. agreements until further notice

for years 2000 and 2001. The prices of elec-

tricity to customers with variable price agree-

ments or agreements for several years ahead

were lower.

Table 18 shows the total price of electri-

city, including network charges and taxes, to

customers in single-family dwellings and to

medium-sized industrial plants between 1996

and 2001. During this period, the total price

of electricity payable by customers in single-

family houses increased, while the total price

payable by industrial customers dropped.

Mare households have

changed fieir electrici~ suppliers
A study commissioned by Swedenergy and

carried out in February 2001 has revealed



that about 15 Toof Swedish households have

changed their electricity suppliers. This is

an increase compared to February 2000,

when 7 qo of the households stated that they

had changed their suppliers. To 85 % of the

households, price was the dominating rea-

son for the change. A further 15 % of the

households had renegotiated their electric-

ity prices.

The freedom available to customers to

change their electricity suppliers places new

demands on the suppliers. According to the

regulations, acustomer can change his sup-

plier on the first day of any month. To esti-

mate the electricity consumption of domestic

customers, profile settlement of consumption

was introduced in November 1999. This

means that the consumption is determined by

means of typical load curves. The National

Energy Administration determined during the

year 2000 that the rules have not always been

observed by the network utilities. The IT sys-

tems have not performed well, which gave

rise to problems associated with matters such

as the reading of electricity meters. Many sup-

plier changes were delayed or obstructed. This

leads to the electricity market not performing

correctly, which involves increased costs and

risks to electricity tradhg companies and to

balance provider companies. During 2000, the

Administration has intensified its supervision

in this area, and this will continue during 2001.

Network torii% in Sweden
The term network tariff denotes the charges

and other conditions for the transmission of

electricity and for making the connection to

a power line or a power line network. Pay-

ment of the network charge entitles a player

to access to the whole of the transmission

system and enables hlm to buy and sell elec-

tricity throughout the electricity market area.

To customers who buy electricity from a

local network, the regional and grid charges

are included.

The network tariffs are published and are

supervised by the National Energy Admin-

istration. The network tariffs must be rea-

sonable and must be set on objective and

non-discriminatory grounds. Customers may

be classified into groups according to a cost

pattern, e.g. customers with electric heating

or with a time tariff. On the other hand,

customers in the same customer category

must be charged the same network tariff.

When the reasonableness of a network is

assessed, special consideration must be given

to the interest of the consumers in low and

stable prices. Moreover, consideration must

be given to justifiable demands of the own-

ers for a reasonable yield from their net-

work operations. The tariffs must be cor-

rectly costed and must be based on costs

that are related to the network operations.

However, the tariffs must not be set differ-

ently depending on where in an area the

customer is located. The Electricity Act does

not specify whether the tariffs should con-

sist of a fixed part and a variable part. In

recent years, several of the network utilities

have modified their tariffs so that the fixed

charge is the largest part of the total tariff.

The way that network charges have de-

veloped for domestic customers between

+



1997 and 2001 is shown in Table 19. Be-

tween 1997 and 2001, the median for the

network charge has increased by 3 %. This

also applies to the category of single-family

dwellings with electric heating. For the cat-

egory of customers living in single-family

dwellings without electric heating, the

charge has been reduced by 3970during the

same period. The tariffs for the agricultural

customer category have remained unchanged

during the period. The biggest change and

reduction in the tariff level has occurred in

the category of small industrial plant custom-

ers. Since 1997, the tariff level has dropped

by 10 %. Viewed overall, the network charges

have remained unchanged during the period

between 1997 and 2001, but a redistribution

of prices between customers has taken place.

The prices to customers whose consumption

is low have risen, and those to customers with

high consumption have dropped. The tariff

levels within customer categories vary be-

tween companies. However, the scatter has

decreased since 1997.

Supervision has been focused on the in-

creases that certain network utilities have

made on the network tariffs for the years 1999

and 2000. If the companies were unable to

justify acceptably the need for raising the net-

work tariffs, the National Energy Adminis-

tration has directed the companies to lower

their charges. In total, if and when the deci-

sions become legally binding, this means that

electricity subscribers will be entitled to re-

funds amounting to SEK 255 million.

E/ectricifyprices

in otherNordic countries

The electricity prices to domestic and in-

dustrial customers in the Nordic countries

are shown in Table 20.

Denmark has the highest electricity prices

for all customer categories. Danish domes-

tic customers pay 2–3 times higher electti

city prices than those in other Nordic coun-

tries. This is due to the high taxes on elec-

tricity consumption payable by domestic

customers and to the Public Service Obliga-

tion (PSO) ordinance. According to the PSO

ordinance, electricity dk-ibutors in Den-

mark are obliged to purchase a certain pro-

portion of electricity generated by environ-

ment-friendly methods, and the additional

cost is then recovered from the end user.

This is not a tax, although it does affect the

cost pattern, and the total price of electricity

to domestic customers is thereby high. The

electricity prices to industrial customers are

lowest in Sweden, whereas the prices to do-

mestic customers are lowest in Finland.

However, the prices in Sweden, Norway and

Finland are relatively similar.

Electricity price developments in the

Nordic countries during the period between

1996 and 2000 in current monetary values

show that principally industrial customers

in Finland and Sweden have had their elec-

tricity prices lowered. The prices to all cus-

tomer categories have decreased only in Fin-

land. The highest reduction is to industrial

customers (7--16 %), while the price reduc-

tions to domestic customers (2–7 Y.) have

been restricted by tax increases. In Norway

and Denmark, prices have tended to increase.

In Denmark, domestic customers paid just

over 20 ‘%omore for electricity in 2000 than

they did in 1996. In Norway, it has been the

small domestic customers who have faced

the highest increase of around 15 9?0.How-

ever, there are few electricity customers in

Norway who belong to this category.

Neiwork toriffs
in other Nordic countries

Monitoring of the network monopoly and

the regulatory system does not differ sig-

nificantly between the Nordic countries, ex-

cept in Denmark. In Norway, the Norwe-

gian Water Resources and Energy Director-

ate (NVE) handles the supervision. In Fin-

land, the Electric Market Authority is a spe-

cial monitoring authority formed for this

purpose. On 1 January 2000, Denmark has

also set up the Energy Supervisory Board to

act as the supervisory authority for the net-

work operations. The task of the supervi-

sory authority is to ensure that the network

utilities run their operations in such a man-

ner that the cost effectiveness interests of

the customers will be met. The authorities

must also ensure that the tariffs are reason-

able and objectively set. In Sweden, Nor-

way and Finland, the network tariffs for the

whole of the country are published at regu-

lar intervals.

The network tariffs for customers living

in apartments are much lower in Finland

than they are in Sweden. On the other hand,



the network tariffs for the categories of com-

mercial operations/agriculture and small in-

dustrial plants are appreciably higher in Fin-

land. The network tariffs for the various cus-

tomer categories in Norway are basically on

a level with those in Sweden. However, an

average for the various countries shows that

the network charges are lowest in Sweden

(see Table 21).

Taxation systemsin the Nordiccounfries

Taxes on electricity at consumer level are

levied in all Nordic countries. The taxes are

differentiated for domestic and industrial

customers. Industry pays lower taxes or, in

Norway and Sweden, no taxes at all. Elec-

tricity at the generation stage is taxed in

Norway and Sweden.

Sweden

Electrical energy is taxed both at consumer

level and at the generation stage. Certain

customer categories also pay Value Added

Tax (VAT). In the spring of 2000, a decision

was taken to implement a tax exchange sys-

tem on a total of around SEK 30 billion over

a 10-year period. The tax exchange contin-

ued during 2001 and covers SEK 3.3 billion

in higher taxes on energy, balanced by lower

taxes on work. The carbon dioxide tax was

raised, which makes electricity less expen-

sive in relation to other energy. The electric-

ity tax was therefore raised by 1.8 ore/kW%.

At consumer level

The consumption of electricity is taxed. To

most users, electricity tax from 1 January

2001 is payable at the rate of 18.1 ore/kWh.

The consumption of electricity in the sup-

ply of electricity, gas, heat and water at-

tracts tax at the lower rate of 15.8 ore/kWh.

Certain municipalities in northern Sweden

have a lower tax rate of 12.5 oretkwh. Since

November 1998, electricity consumption for

electric boiler plants with an installed power

in excess of 2 MW has been taxed during

the winter season (1/1 1–3 1/3). The tax rate

is 14.8 orefkWh in northern Sweden and

18.1 ore/kWh in the remainder of Sweden.

Since 1994, the electricity tax has been ad-

justed annually in line with the consumer

price index. VAT on electric energy is 25 %

and is charged on the electricity price, in-

cluding energy tax. The manufacturing in-

dustry, the mining industry and commercial

greenhouse operators have been exempt

from electricity tax since 1994. As from 1

July 2000, agriculture, forestry and aqui-

culture have also been exempt.

2Under certain operating circumstances, the power tax
corresponds to the earlier tax of 2.7 orekwh.

Generation stage

All fuels used for electricity generation are

currently exempt from energy and carbon

dioxide taxes. However, part of the fuel,

namely 5 YO in condensing power generation

and 3 To in CHP generation, is considered to

be used for in-house consumption and is

taxed. In addition, all fuels used for electric-

ity generation are subject to nitrogen oxide

charges and, if applicable, sulphur tax.

Nitrogen oxide emissions are subject to

an environmental charge amounting to SEK

40 per kg of nitrogen oxides from boilers,

gas turbines and stationary combustion

plants. The nitrogen oxide charge is levied

on plants with an annual energy output of at

least 25 GWh. The charge is neutral to state

finances. The funds collected are returned

to plants that have the lowest emissions in

relation to their own energy generation,

whereas plants with the highest emissions

are net contributors.

The sulphur tax levied on coal and peat

amounts to SEK 30 per kg of sulphur emis-

sion. For oil, the tax is SEK 27 per cubic

metre for every tenth of one percent by

weight of sulphur content of the oil. For

fuels used for heat generation in CHP plants,

half the energy tax is payable, and so are the

carbon dioxide and sulphur taxes.

Since 1 July 2000, generation in nuclear

power plants is subject to a power tax on the

thermal power in the reactor, at a rate

amounting to 5514 SEK/MW. In the past,

nuclear power tax was calculated on the ba-

sis of the electricity generated. In addition,

0.15 orefkwh is levied in accordance with

the “Studsvik Act”, and an average of 1.0

orelkWh in accordance with the law on fi-

nancing future expenditure for spent nuclear

fuel. In the past, hydro power was subject to

a special property tax, although this has now

been abolished. From 1 January 1996, elec-

tricity generation plants have been paying a

property tax amounting to 0.5 % of their

taxable value.

Denmark

Taxes payable by domestic customers are

particularly high in Denmark, as shown in

Table 23. These consist of carbon dioxide

tax and electricity tax. Taxes at several dif-

ferent levels are payable by industrial cus-

tomers. The electricity tax is zero, but com-

panies pay a carbon dioxide tax. Taxes are

differentiated, depending on whether or not

the plant is energy-intensive. In addition,

certain industries have concluded agree-

ments concerning carbon dioxide limiting

measures and, in return, pay reduced carbon

dioxide charges. The particulars in Table 23

concern energy-intensive industry. From the

year 2000, a sulphur tax is being levied on

electricity generation. This amounts to 23

DKK/kg of sulphur emitted.

Finland

There are only two spot tax classes for elec-

tricity in Finland. One of these relates to

electricity consumption in industry, while

the other relates to all other consumption. In

addition, a supply preparedness charge is

levied at consumer level. Electricity gen-

eration and in-house consumption of power

stations are not taxed. Financial support is

given for electricity generation from certain

renewable sources, such as wind power,

small-scale hydro power, biofuel-fired

power and certain CHP stations. However,

the financing of such support has no direct

link with electricity taxes.

Norway

Electricity tax is payable at consumer level.

However, industry and commercial green-

house operators are exempt from electricity

tax. Electricity generation in Norway is

dominated by hydro power. A natural re-

source tax is levied at production level, and

this is transferred to hydro power munici-

palities and counties. In addition, an invest-

ment tax of 770 is payable. Certain invest-

ments, such as for wind power, bioenergy,

district heating, etc., have already been ex-

empt from investment tax. From 1 January

2001, exemption was also extended to

hydro power plants. The operating grant for

wind power introduced in 1999 corresponds

to half of the Norwegian electricity tax. ~



Electricity is transmitted from power stations

to consumers by a network of power lines.

The network is normally classified into three

levels, i.e. national grid, regional networks

and local networks. The national grid com-

prises 220 kV and 400 kV lines and most of

the links with neighboring countries.

The regional networks, which normally

operate at voltages of 70-130 kV and, in

certain cases, also 220 kV, transmit elec-

tricity from the national grid to local net-

works and sometimes also to electricity

users with high consumption, such as major

industrial plants and local network utilities.

From the local networks, normally at a

maximum of 20 kV, electricity is trans-

formed in the distribution areas to the nor-

mal domestic voltage of 380/220 volt.

Transmission of electricity

and systemresponsibility in Sweden

Sweden has about 15200 km of 220 kV and

400 kV transmission lines with stations.

Svenska Kraftnat has responsibility for the

grid, i.e. has system responsibility. Around

150 transformer and switching stations are

provided for linking the networks together.

Owners of power stations or regional net-

works can connect their systems to the na-

tional grid and can use it for transmitting

electricity. At the end of 2000,28 companies

were connected to the grid, which is a re-

duction compared to the previous year. The

reduction is due to mergers of companies.

One third of these companies are regional

network owners and the remainder are power

station owners.

Charges on the national grid

Svenska Kraftnat applies a spot tariff on the

national grid. This means that a customer

who is connected to the grid has access to

the entire electricity market and can do busi-

ness with any other player for the same net-

work charge. This is an important condition

for the free electricity market.

The charge consists of three parts, namely

power charge, energy charge and investment

contribution. The power charge accounts for

around 60 9Z0 of the revenue of Svenska

Kraftnat from national grid customers and is

dependent on the geographical location. In

northern Sweden, the charges for the infeed

of electricity into the grid are high, since this

causes the load on the grid to increase,

whereas the charges for outtake are low. The

converse applies in southern Sweden.

The energy charge in the national grid

tariff is designed to cover the losses in the

national grid. The total annual losses are

estimated to be between 2 and 3 TWh. The

loss charges vary with the geographical lo-

cation. In the case of infeed in southern Swe-

den, the coefficients are negative (the cus-

tomer receives payment), since the network

losses are reduced.

Balancing service

The system responsibility of Svenska

Kraftnat includes responsibility for main-

taining the balance between electricity gen-

eration and consumption in the country. To

enable it to perform this task, Svenska

Kraftnat cooperates with more than 50 play-

ers known as balance providers. By con-

cluding agreements, these balance provid-

ers accept balancing responsibility for one

or several electricity users. Balancing re-

sponsibility involves accepting economic

responsibility for the Swedish electrical sys-

tem being supplied, during every hour, with

as much electricity as that consumed by the

electricity users for which the balance pro-

vider has responsibility.

The balance provider can create balance

between his consumption and supply by

planning his own generation or by trading

with other balance providers or on the elec-

tricity exchange. After the spot market has

closed, players in Sweden and Finland can

trade up to two hours before the operating

hour on the Elbas market that is closely

linked to the electricity exchange.

Balance provider companies are respon-

sible for sending consumption forecasts and

generation plans per constraint region to

Svenska Kraftnat. These plans are needed

for planning the operation in the next 24-

hour period. They must also report matters

such as trading values, including trade with

Nerd Pool and foreign trade.

The unbalance that may still occur at the

operating stage due to the balance providers

being unable to create balance within their

operating regions is corrected by the bal-

ancing service of Svenska Kraftnat during

the actual operating hour, and this is known

as balance control. The balancing service

also ensures that sufficient reserves are avail-

able in the power system to cover distur-

bances. The reserves may consist, for ex-

ample, of quick-st~ing gas turbines.

Balance control

The central control room at Svenska Kraftnat

is manned around the clock in order to en-

sure that the grid frequency will always be

maintained between the limit values of 49.9

and 50.1 Hz. Balance control takes place by

primary regulation and secondary regula-

tion. Primary regulation involves fine ad-

justment of the physical balance in the elec-

trical system by the outputs of a number of

hydro power stations being automatically

increased or decreased. A Nordic agreement

specifies the regulating power that every

country must have available for primary

regulation.

Secondary balance regulation is a manual

procedure for raising or lowering a control-

led load, and takes place in the form of power

transactions between the balance providers

who have concluded agreements with

Svenska Kraftnat concerning participation

in balance control.

Balance providers who are able to adjust

their generation rate during the operating hour

can submit bids to the Svenska Kraftnat bd-

ancing service for upward or downward regu-

lation. The bids are submitted no later than

30 minutes before the beginning of the oper-

ating hour and specify the price (SEK/MWh)

and the power (MW). When necessary, the

balance engineer at Grid Control then places

orders againsl the bids in price order.

Charges for balancing service

The energy for the Svenska Kraftnat trade

in balancing power and regulating power is

priced and settled with the relevant balance

provider. Svenska Kraftnat levies a settle-

ment charge for trade in contracted power

between balance provider companies in

Sweden and between balance providers and

foreign players outside the spot market of

the electricity exchange. The purpose of bal-

ance settlement is to:
.

●

Calculate the costs of balance to every

balance provider between generatiorr/pur-

chase and consumptionhle

Distribute the costs of the Svenska Kraft-

nat balance regulation between the bal-

ance providers who have contributed to

unbalance in the system.

The balancing settlement also includes the

preliminary profile settlement, whereas the

final profile settlement takes place in a separ-

ate process.

Bottlenecks
The Swedish national grid was originally

built with the aim of transmitting electricity

generated by hydro power from the surplus

areas in the north to the shortfall areas in the

south. The connections from north to south

include certain limitations known as “con-

straints”. The most important bottleneck in

Sweden today is in constraint 2 between

northern and central Sweden and limits the

power that can be transmitted from northern

to central Sweden to between 6700 and 7000

NfW. The transmission capacity between

central and southern Sweden is limited to

3 500–3 900 MW (constraint 4).



Bottlenecks in Sweden are handled by

counter-purchases. Svenska Kraftnat pur-

chases electrical energy in regions with a

surplus and sells an equivalent amount in

regions with a shortfall. This reduces the

physical energy flow on the grid, without

the trade of customers being affected. An-

other important bottleneck is intheconnec-

tion between southern Norway and Sweden

(Hasle). When consumption in the Oslo re-

gion is high, the capacity on the link to Swe-

den is drastically reduced, sometimes right

down to zero. Bottlenecks usually lead to dif-

ferent price areas occurring. The most impor-

tant bottlenecks in the Nordic countries are

shown in Figure 13.

The players on the electricity market have

expressed the wish that the Nordic electri-

city market should perform better and have

lower price differences. Nordel has there-

fore initiated a study into certain changes in

the handling of bottlenecks, which resulted

in the Nordic companies with system re-

sponsibility introducing on trial limited

counter-purchases on the links between

countries. The trial period extends from 1

June to 31 December 2001.

System responsibility i
n other Nordic countries

Figure 13 shows the national grids in North-

ern Europe. The grid in the Nordic countries

is well developed. The national grid in Nor-

way is owned mainly by Statnett, which has

system responsibility. Around 20% of the grid

is owned by other players. Statnett bears re-

sponsibility for the operation and expansion

of the entire national grid, and is also respon-

sible for the links with foreign countries. The

balance between generation and consumption

is handled on the regulating power market,

which is pursued within Statnett.

In Finland, Fingrid bears system re-

sponsibility and owns the national grid in

Finland and the links with foreign countries.

Fingrid also has balancing responsibility that

is similar to the balancing responsibility in

Sweden. Every party on the electricity mar-

ket is responsible for electricity generation

and electricity consumption being in bal-

ance at all times. Today, there are more than

20 balance provider companies. The condi-

tions applicable to balance providers are de-

termined by means of a balance agreement.

After the electricity exchange has closed and

up to two hours before the delivery time,

scope is available for trading with balance

power on the Elbas market. In the event of

unbalance during the operating hour, Fingrid

uses balance control.

Denmark has two national grid companies

with system responsibility, namely Eltra

which is responsible for the national grid in

Jutland and Funen, and Elkraft which is the

national grid company in Zealand. Just like

other national grid companies, Eltra and

Elkraft own the 400 kV network and the links

with Sweden and Germany. The transmiss-

ion line systems of Eltra and Elkraft are not

currently interconnected with one another.

Linkswithfim-eigncountiies

in Northern Europe
In the Nordic electricity exchange region,

there are numerous transmission links be-

tween the member countries. In addition,

there are links between the electricity ex-

change region and the neighboring coun-

tries. The links for electricity trade in North-

ern Europe are shown in Table 24.

The transmission capacities specified in

Table 24 are the maximum capacities of the

cables. However, the power that can be trans-

mitted at any given time is dependent on a

number of factors. In certain operating situa-

tions, the transmission capacity can be seri-

ously restricted. The transmission capacity

between Sweden and Zealand has decreased

from 1700 MW to 1350 MW as a result of the

decommissioning of Barseback 1.

A certain margin must always be reserved

for variations within the hour, transmission

of reserves, etc. Moreover, there maybe limit-

ations related to the network capacity and

supply situation in the relevant area. If the

load in the Oslo region is high, the capacity

for transmission from southern Norway to

Sweden will be substantially reduced and, in

extreme situations, may drop to zero. The

links with Germany and Poland cannot be

fully utilized at the present time due to limi-

tations in those countries. It is not expected

that the cable to Poland will be usable for

imports in the winter of 2001/2002 due to

capacity problems on the network in Poland.

Nerd Pool regularly publishes forecasts

for the trading capacity on the various links

hour by hour, i.e. the capacity available on

the links for the players on the market. These

capacities may vary widely between high-

load and low-load periods. Certain limita-

tions may be very serious just when the tmns-

mission capacity is needed most.

Whether or not power is available to pur-

chase in a given situation is dependent on

the availability of spare generation capacity

in the surrounding world. An important fac-

tor that may determine the direction in which

the flows go is the price relationship be-

tween the Nordic countries and Germany.

Planned links

In Denmark, a link is planned across the

Great Belt to join together the Elkmft and

the Eltra networks. According to earlier

plans, the cable was to be taken into oper-

ation in the year 2001 and was to have a
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transmission capacity of 600 MW. Accord-

ing to present plans, the cable will be taken

into operation in the year 2004, and the cap-

acity may be lower than previously planned.

Norway is planning two new links with

the Continent. The Viking Cable, which is a

DC cable with a transmission capacity of

600 MW, will be run between Norway and

Germany. In addition, plans are afoot to build

a link with a transmission capacity of 600

MW between Norway and the Netherlands,

and this is expected to be in operation by the

year 2003. Plans for a third cable, known as

the EuroKabel, to Germany have been

shelved. A concession application has been

submitted for a DC link known as the North

Sea Interconnector between Norway and

Great Britain. The cable is scheduled for

commissioning in the year 2006.

Growing trade

on the electricity exchange

The occasional trade in electricity on the

spot market of the Nerd Pool electricity ex-

change has increased. Most of the electri-

city trade across national borders to and from

the Nordic countries takes place on the Nerd

Pool electricity spot market. As an example,

the trading procedure is that a Norwegian,

Finnish or Danish generator sells on the elec-

tricity exchange to Nerd Pool in Norway,

Fhdand or Denmark, and a Swedish consumer

purchases a corresponding amount from Nerd

Pool in Sweden. No charge is made for such

trade in electricity. A charge is still made for

trade with Jutland/Funen. Svenska Kraftnat

has suggested to the Government that the tar-

iff between Sweden and Denmark should be

abolished from 1 January 2001.

Bilateral hourly trade

A customer who does not wish to trade on

the Nerd Pool electricity spot market can

instead use a subscription for bilateral hourly

trade across the national border. Such sub-

scriptions are sold in 24-hour periods if cap-

acity is still available after completion of

the electricity spot trading on Nerd Pool.

For Finland, hourly subscriptions are

awarded only after the Nerd Pool electricity

spot market and the EL-EX electricity base

&ade have been concluded. Certain charges

are made for this type of trading. In most

cases, charges are also made for trading out-

side the Nordic electricity exchange area.

The matter of charges for trade across na-

tional borders is an important negotiating

item for the opening of the EU internal elec-

tricity market.

Trade can be restricted

In the event of planned or unplanned limita-

tions in the transmission capacity on the link

with a foreign country, the system operators

can restrict the use of the links.

Cooperation befween systemoperators
The Nordic system operators have been co-

operating for along time. An agreement that

regulates the cooperation between all sys-

tem operators in the Nordic countries (ex-

cluding Iceland) was signed in February

2000. The purpose of the agreement was to

put to use the benefits of interconnected op-

eration of the Nordic power system.

Nordel is an organization for coopera-

tion between the system operators in the

Nordic countries. The organization also

serves as a forum for technical cooperation

and coordination between system operators

and players who have technical plants that

are of significance to the operation and de-

velopment of the electricity system.

Power demand and powerreserves
In recent years, growing attention has been

focused on the instantaneous electricity con-

sumption – the power consumption. This is

due to the fact that, in recent years, the gen-

eration capacity has been adapted to a grow-

ing extent to the consumption, and that de-

clining numbers of electricity generators find

it economically justifiable to have capacity

that is used only for a few hours per year to

meet peaks in power consumption.

In the event of a long cold spell, Sweden

may face a power shortfall. The risk of power

shortage in Sweden varies between differ-

ent areas. The risk of power shortage is thus

greatest principally in southern and central

Sweden. The variations are due mainly to

the bottlenecks in the transmission system.

Electricity consumption varies between

different hours of the day, between week-

days and holidays, and between different

seasons of the year. This applies regardless

of the more long-term variations related to

business activity cycles and the relations

between oil and electricity prices.

The highest hourly value, which normally

occurs during the morning hours of a winter

day, is of the order of three times higher

then the lowest hourly value. The latter usu-

ally occurs on a summer night. Temperature

is the most important explanation for the

variations. The temperature in the winter

may drop quickly, and additional power will

then be needed at short notice. A rule of

thumb is that a temperature drop of l°C in

the winter corresponds to an increase in

power demand of 400 MW. Changes in

weather can generally be predicted, but the

forecasts are uncertain as regards time and

place. Sudden temperature drops can thus

give rise to high additional power demands

at short notice.

F&u-e 14 shows the power demand in

the second week of January 1999 and the

second week of July of the same year. Dur-

ing the 1999 winter week, the power con-

sumption was somewhat higher than in ear-

lier years, even though January was warmer

in 1999 than it was in both 1996 and 1997.

Figure 15 shows the monthly power de-

mand and the electricity consumption by
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month and by sector in 1999. The figure

also shows that the curves for the electricity

demands of dwellings and commercial

premises follow the power curve.

A new consumption record was set in

Sweden in 1996. One reason for the high

consumption was that January and February

were colder than normal. On 7 February, a

consumption figure of 26300 MWh/b was

reached as shown in Table 25. In January

1999 and 2000, consumption of around

26000 MWbih were noted, and a new con-

sumption record of 27000 MWh/h was set

in February 2001.

Consumption peaks occur predominantly

in cold weather, which is due to the fact that

a large proportion of the houses in Sweden

are electrically heated. However, recent

years have not been as cold as 1996. The

months of January and February of 1999

and 2000 were 5–17 YO warmer than nor-

mal, whereas the temperature in February

2001 was relatively normal. Some of the

increased power consumption was probably

due to other factors. The low prices of elec-

tricity in recent years may have encouraged

increased use of electricity, and the num-

bers of items of electrical equipment have

also increased.

Svenska Kraftnat considers that the max-

imum power demand during a cold winter

with a recurrence time of ten years is just

over 28 000 MW. This level has not yet

been reached. The record consumption meas-

ured between 0800 and 0900 hours on 5

February 2001 was 27 000 MW. The

Svenska Kraftnat forecast before that Mon-

day morning was 28200 MW. The differ-

ence may be due to uncertainties in the fore-

casts and to adaptation measures by con-

sumers.

The demand of 27000 MW was met by

25700 MW of domestic generation, includ-

ing 772 MW from the power reserve, and an

import of 13000 MW.

One reason for the uncertainty of the fore-

casts is that electricity customers have no

obligation to inform their suppliers of

planned demand reductions. The supplier

thus finds it difficult to assess before the

expected cold periods whether the forecast

load will have to be met.

Another reason for the forecasts of the

suppliers being uncertain is that a very large

proportion of the customers are subject to

profile measurement. In addition, due to sup-

plier changes, one supplier may have cus-

tomers scattered all over the country.

In the longer term, it will probably be

possible to meet parts of the power demand

by measures on the consumer side. How-

ever, in the foreseeable future, most of the

demand will have to be met by reserve gen-

eration capacity and/or by imports.

The fundamental problem related to

power reserves is that the highest power de-

mands occur very seldom, and the reserve

capacity may thereby be needed perhaps for

only a few hours per year or for a few hours

at intervals of severaJ years. How should

this type of reserve be financed? To what

extent can we rely on the loads in different

countries evening each other out when the

electricity market is integrated? How do bot-

tlenecks between countries and regions af-

fect the scope available for quickly chang-

ing the flows?

Different sohions to

the power issuein ifreNordic countries

The Nordic countries have so far solved this

problem indifferent ways. In Norway, where

there are no stand-by plants available,

Statnett purchased power last winter in the

form of hydro power and load reductions in

industry. In Finland, Fingnd has procured

gas turbines. In addition, for contingency

reasons, the use has been procured of cod-

fired condensing power plants that were

scheduled for decommissioning. Denmark

still has reserves available in coal-fired con-

densing power stations.

In Sweden, a distinction is made between

reserves in the form of regulation power,

and disturbance reserves and high load cap-

acity. The first is regarded as part of system

responsibility. High load capacity is the need

for reserve capacity to ensure that the elec-

tricity demand can be met under peak de-

mand conditions.

Before the winter of 2000/2001, Svenska

Kraftnat considered that the power balance in

southern Sweden was worryingly weak. Since

1996, around 2500 MW of stand-by capacity,

corresponding to 10 YO of the maximum load

during a normal winter, have been taken off

the market because the cost of keeping these

plants in a state of preparedness could not be

justified. The capacity lost by the decommis-

sioning of Barseback 1 and the future decom-

missioning of Barseback 2 is expected to be

largely made up by imports. A significant part

of the import capacity will then be utilized for

continuous imports and will thus be unavail-

able for meeting suddenly occurring demands.

Against this background, a temporary solu-

tion has been adopted for the winters 200&

2001 to 2002–2003. The solution lies in

Svenska Kraftnat undertaking to procure about

1000 MW of the shut-down plants as power

reserves. The fixed cost of keeping this re-

serve in a state of preparedness is paid by the

balance providers in accordance with an ad-

dendum to the balance agreement. The agree-

ments also regulate how the plants will be

made available to Svenska Kraftnat and to the

plant owners. Svenska Kraftnat has initiated a

study aimed at finding a long-term solution to

the power isssse. W
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During the year 2000, the six largest power

utilities in the Nordic countries accounted

for 228.6 TWh, which corresponds to around

59 % of the total electrical energy gener-

ated. The dominating company was Vatten-

fall, with a share of 18 % of the market. The

next was Statkraft with a 10 % market share.

Vattenfall and Sydkraft, Sweden’s biggest

power generators, jointly accounted for 69%

of the total electrical energy generated in

the country in the year 2000 (see Table 25).

Structural changes
in Swedish electricity generation

2000 was the fifth year of the reformed elec-

tricity markets in Sweden and Finland. The

electricity market in Norway was deregulated

back in 1991. The availability of electricity

continued to be good, and the exchange prices

were low. The power generation ownership

conditions in the Nordic countries have

changed since deregulation. In September

1998, GullspAngs Kraft and Stockholm

Energi merged to form Birka Energi, and

Sweden thereby now has six players who

dominate among electricity generators. On

the other hand, there are more generation com-

panies that now compete on the joint Nordic

electricity market. However, the big Nordic

power companies make strategic investments.

The Swedish Vattenfall, the Norwegian

Statkraft, the Finnish Fortum and the Ger-

man PreussenElektra all intend to compete

on the future Northern European electricity

market and are therefore investing in their

neighboring countries. Typical measures

taken by the companies are take-overs, pur-

chase of equity, alliances and the establish-

ment of subsidiaries in other countries.

Vattenfall is by far the dominating company on the Nordic electriciV market, with a market
share of 1870. The company owns the Ringhals and Forsmark nuclear power stations.

Increasing foreign ownership in Sweden...

Foreign companies have a 75 % holding in

Sydkraft (percentage of share capital). The

Norwegian Statkraft power company is now

the biggest individual shareholder and owns

35 % of the share capitrd. During the year,

the Germany E.ON Energie took over the

Sydkraft shares held by the German HEW,

and the company thus has 29.4 Yo of the

share capital.

The Finnish Fortum energy utility is ac-

tively investing in Swedish power com-

panies. During the 1996-1998 period, the

company acquired all shares in Gullsptigs

Kraft, which thus became a wholly-owned

subsidiary of Fortum. In September 1998,

Gullsp5ngs Kraft and Stockholm Energi

then merged to form Birka Energi AB, in

which Fortum has a 50 ?ZOholding. The re-

mainder of the shares belong to the City of

Stockholm Municipality. Early in the year

2000, Fortum concluded an agreement with

Stora Enso to purchase most of its power

assets. The purchase also included the Stora

Enso holding in the Finnish industry’s power

utility Pohjolan Voima (PVO). The transac-

tion comprises a total generation capacity

of around 6.7 TWh.

...and increasing Swedish ownership

in neighboring countries

As a result of the changes on the electricity

market in the Nordic countries, Swedish

companies are also securing a broadening

foothold in other countries. In 2000, Vatten-

fall was again most active of the Swedish

-)



companies by increasing its holdings in for-

eign power companies. The biggest invest-

ment in 2000-2001 resulted in Vattenfall

now having a majority holding in the Ger-

man HEW at 37.270 of the capital. In addi-

tion, under the terms of the transaction, as-

sets and cash were distributed between

Sydkraft and E.ON, so that Sydkraft received

8.5 % of the share capital in Forsmark Kraft

AB, 31.7 of the voting capital and 20.5 of

the capital in Hafslund AS, 49 % of the vot-

ing shares and capital in Fredrikstad

Energiverk AS, 35 % of the voting shares

and capital in Fredrikstad Energinet AS and

Fredrikstad Fjernviirrne AS, and around SEK

2 billion.

Vattenfall AB

Vattenfall generates and delivers more than

half the electricity consumed in Sweden. The

company is the largest electricity generator

in the Nordic countries and the fifth biggest

in Europe. During 2000, Vattenfall gener-

ated 69.3 TWh. Vattenfall’s electricity sales

during 2000 amounted to 83.1 TWh, of

which 13.0 TWh were sold on the electri-

city exchange and the remainder to con-

tracted customers.

The company’s electricity generation is

based principally on hydro and nuclear

power. During 2000, hydro power gener-

ated 39.6 TWh of electrical energy. The

Ringhals and Forsmark nuclear power sta-

tions generated 40.6 TWh. In addition, other

thermal power and wind power delivered

3.5 TWh. Sweden is still the dominating

electricity market for Vattenfall, but sales in

Finland and Norway are growing. In the

Nordic countries, Vattenfall has a market

share of about 20 Yo. Outside the Nordic

countries, Vattenfall also has operations in

the Netherlands, Germany, the Czech Re-

public, the Baltic States, Poland, Soutl-East

Asia and South America.

Sydkraft AB

Sydkraft is the second largest Swedish elec-

tricity generator. The total electricity gener-

ated in 2000, including minority shares and

contracted-out power, amounted to 27.2

TWh, compared to 27.5 TWh in 1999. Hydro

power accounted for 12.7 TWh. Nuclear

power generation in Barseback and Oskars-

hamn amounted to 13.9 TWh. Other gener-

ation totalled 0.6 TWh.

Birka Energi

Birka Energi was formed by the merger of

Stockholm Energi and Gullspiing Kraft in

September 1998 and, with 842000 custom-

ers, is now the largest power utility in Swe-

den in terms of number of customers. Birka

Energi generates electricity in hydro power

stations and in the Oskarshamn and Forsmark

nuclear power stations. Hydro power and nu-

clear power account for around 9070 of the

total electricity generated, which is equally

distributed onto the two energy sources. Birka

Energi also owns fossil fuel and biofuel fired

CHP plants that account for the remainder of

the electricity generation. The total electrical

energy generated in 2000 was 21.4 TWh, in-

cluding minority shares and contracted-out

power. Hydro power yielded 12.4 TWh and

nuclear power 8.2 TWh.

Fortum Kraft AB

Fortum Kraft AB was previously known as

Stora Enso Energy AB. In Januaxy 2000, Stora

Enso concluded an agreement with the Fortum

energy utility concerning the sale of large

parts of the Stora electricity generation cap-

acity. The transaction was concluded on 5

June. The agreement covers 1511 MW of’

electricity generation capacity in Sweden and

Finland, and also regional networks for elec-

tricity distribution and electricity trading

agreements in Sweden, as well as the Stora

Enso domestic power agreements in Sweden

amounting to around 2 TWh annually.

Graninge

The generation system of the company is

based entirely on hydro power and wind

power. The electrical energy generated in

the company’s own hydro power stations in

2000 amounted to 3.2 TWh. Early in the

year 2000, the company began the process

of breaking up the Group into one part for

energy and one for forestry and timber.

Skellefteii Kraft

The power generation system of the company

is based principally on hydro power. The com-

pany also has minor holdings in the Forsmark

nuclear power station. The total electrical en-

ergy generated in 2000 was 2.9 TWh.

Elecfricify generation

in otherNordic countries
Electricity in Denmark is generated by more

than ten companies. These are grouped into

two big organizations, i.e. Elsam and EK

Energi (formerly Elkraft). The electricity com-

panies in Jutland and Funen which actively

participate in trading on Nerd Pool are mem-

bers of Elsam, while companies in Zealand

and Bomholm are members of EK Energi.

Electricity in Norway is generated by

more than 100 generators, although around

ten companies account for roughly 60 % of

the production. Most of the companies are

owned by the state or by municipalities and

counties. By far the dominating player is

the state-owned Statkraft, which is active

on the reformed electricity market and will

endeavour to compete on the future North-

ern European electricity market.

Fortum is the biggest electricity gener-

ator in Finland. Industry is also a dominat-

ing player. The Pohjolan Voima Oy com-

pany accounts for around 50% of the elec-

tricity generated in industry. m



An important element in exposing electri-

city trading to competition in Sweden was

the break-up of the traditional electricity

utilities into network utilities and electricity

tradhg companies. In Norway and Finland,

the only demand made is that the company

must keep separate accounts for its network

operations and for other operations. All elec-

tricity users in Sweden, Norway and Fin-

land are now able to choose the electricity

trading company from which they want to

purchase their electricity, although they must

purchase the network service from the net-

work utility that has the monopoly in the

area in which the electricity is to be distri-

buted. In view of the different market con-

ditions for the various operations, the struc-

tural changes may be different on the two

markets. Many of the Scandinavian elec-

tricity trading companies are still members

of groups that also have network operations.

New players who are not involved in net-

work operations or electricity generation,

such as petroleum companies, have entered

the electricity trading market.

Networkutilities and ekctriciiy

troding companies in Sweden
More than 200 network utilities were in oper-

ation in Sweden in January 2001. There are

no collective statistics on the number of elec-

tricity trading companies, but they are much

fewer. When the electricity market was re-

formed in 1996, there were as many net-

work utilities as there were electricity trad-

ing companies. Since then, the number of

companies has dropped, but the reduction

was more rapid among electricity trading

companies.

The trend towards fewer electricity dis-

tribution companies began in the 1950s,

when there were around 1570 companies.

In 1996, there were about 250 companies.

Mergers of municipalities are the main ex-

planation for this development. Many of the

electricity distribution companies were

owned by municipalities, and they still are.

When the municipalities merged, the elec-

tricity dh-ibution companies also merged.

In addition, the state has endeavored to

accelerate the development towards fewer

companies by the work pursued in conjunc-

tion with the granting of concessions and by

state support. After the break-up of the earl-

ier electricity distribution companies into

electricity trading companies and network

utilities, the drop in the number of com-

panies has accelerated afresh.
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Network utilities

A network utility owns the power line net-

work, usually up to 20 kV, within a geo-

graphical area and is responsible for the dis-

tribution of electricity to the end customers.

The network operations are a regulated

monopoly, and the tariffs and other condL

tions are supervised by the National Energy

Administration. The Administration is en-

trusted with the task of ensuring that the net-

work operations are pursued efficiently, mak-

ing sure that the network tariffs paid by the

customers are reasonable and that the net-

work utilities otherwise apply objective and

non-discriminatory terms, so that competi-

tion in electricity trading will be promoted.

E/ectrici~ troding componies
Electricity trading companies buy electri-

city directly from a number of power gener-

ators or else through Nerd Pool. Most of

these companies have broken away from the

original municipal electricity utilities. The

electricity trading companies are fewer than

the number of network utilities. Some of the

original municipal electricity utilities have

formed joint electricity trading companies

with other companies, while retaining their

network operations. Several of the newly

formed joint companies are owned by mu-

nicipal energy utilities. In some cases, in-

dustrial companies, oil companies and trade

organizations have purchased holdings in

the electricity trading companies. Other play-

ers have also begun selling electricity, such

as the Statoil, Shell, OK-Q8 and Preem oil

companies. Restructuring in the electricity

trading sector is much more extensive than

on the network side, since trading in elec-

tricity is open to competition, which forces

the companies to rationalize their operations.

Take-overs of electricity trading

and distribution companies

Growing numbers of municipal and smaller

energy utilities are being taken over by other

companies. Municipalities have several rea-

sons for selling these operations. Many mu-

nicipal energy utilities are too small to assert

themselves on the new electricity market,

trade on the exchange and conclude favora-

ble agreement with electricity suppliers,

Many municipalities consider that operating

on the competitive market is not a municipal

task and that their influence on the electricity

tariffs will disappear, since users can pur-

chase electricity from other companies. An-

other reason for the municipalities selling their

operations is to strengthen their strained ti-

nances, which is one of the explanations for

the network operations of the municipalities

also being sold off.

A few examples of the acquisitions that

have taken place in 2000 are given below:

● The Vattenfall purchase of Uppsala Energi

was finalized during the third quarter of

the year. Uppsala Energi has about 80000

electricity and network customers and a

turnover of 2.5 TWh of electricity and 1.6

TWb of heat. The company was purchased

for SEK 3.4 billion. Vattenfall also pur-

chased Sigtuna Energi with the Sigtuna

Elnat subsidiary from Birka Energi for

the sum of about SEK 286 million. The

purchase covers the distribution of elec-

tricity to more than 16000 customers.

+
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Free access to the electricity network is a.fundamental condition on an open electricity market. This means that the ne~ork operations must be
separated from other operations, either j~ridically or administratively.

Elbolaget i Norden AB (formerly Lund

Eastern) increased its holding in 7H Kraft

AB from 40 % to 50 % in accordance with

a previous agreement. A further acquisi-

tion was the Billinge Energi AB electri-

city trading company with 31000 custom-

ers in which Elbolaget acquired a 74 %

holding. It was the Skovde and Tidaholm

municipalities that sold their shares for a

total of SEK 60.5 million. During 2001,

negotiations were concluded with Skara

Energi which owns the remaining 26 %

concerning the purchase by Elbolaget of

the total of 90.1 % of the shares in Billing

Energi AB.

In June 1999, Sydkraft acquired 49 % of

the shares in Norrkoping Miljo och Energi

(NME) from Norrkoping municipality for

SEK 1350 million. At the 2000-2001 turn

of the year, NME became wholly owned

by Sydkraft, which had then paid a total

of SEK 2755 million for the company

and an additional interest on the option

sum of around SEK 70 million. NME has

about 65000 network customers and dis-

tributes 1.2 TWh of electricity and about

the same amount of heat. Sydkraft has

bought Nora Energi for SEK 125 million.

Nora Energi has 21400 electricity custom-

ers and delivers around 850 GWh of elec-

tricity.

Early in 2000, Birka Energi purchased

Arvika Energi AB for SEK 33 million

from Arvika municipality. Arvika Energi

has around 10000 customers and sales

amounting to about 10 GWh.

The municipal Norrtalje Energi AB com-

pany was purchased by Graninge and

Ntiviirme Svenge for SEK 201 million.

Graninge took over the electricity network

and trade with 14000 customers and a

sales volume of 240 GWh. Narvarme

Sverige is taking over the heat side.

Networkand electricity irading

companies in ofher Nordic countries
Around 100 electricity trading companies

operate in Finland. Most of these sell both

electricity and network services. The big-

gest three are Fortum, Teollisuuden Sahkon-

myynti and Vattenfall, the latter of which

continues to capture market shares in Fin-

land. The other electricity trading companies

are mainly local and regional electricity utili-

ties that have been on the market since be-

fore the electricity market reform. In March

2001, the distribution sector had just over

100 companies. Norway has a large number

of electricity trading companies and network

utilities. This is because many of the com-

panies are owned locally by the counties.

There are just under 200 network utilities,

i.e. almost twice as many as in Finland. Dur-

ing the 1990s, an average of around eight

mergers took place every year. Denmark has

77 commercial network utilities, which is

ten less than in 1999. In addition, there are

62 “transformation associations” consisting

of electricity customers who have joined

forces and own their own network. In 1999,

there were 102 such associations.

It can generally be said that the Nordic

countries have a large number of players on

the network and electricity trading sides of

the electricity market, but that the trend is

towards fewer players. This trend is most

rapid on the electricityy trading side, were

the competition is stiffest. m



Ekricity consumption

The per capita electricity consumption in

Sweden is relatively high compared to other

countries. In 1998, Sweden was in fourth

place in the world, after Norway, Iceland

and Canada. The per capita electricity con-

sumption in the United States was around

14% lower than in Sweden. In some of the

major European industrialized countries,

such as Germany, France and Great Britain,

the per capita electricity consumption was

less than half that in Sweden. Compared to

the average among OECD countries, Swed-

ish electricity consumption was about twice

as high, and more than twice as high as the

average in the EU.

Between 1990 and 1998, electricity con-

sumption in EU member countries increased

by just under 15%. During the same period,

consumption in Sweden increased by 2%,

while in the Nordic countries as a whole, for

example, it increased by more than 10’ZO.

A common feature of countries that have

a high per capita electricity consumption is

that they have access to inexpensive hydro

power and, due to their relatively cold cli-

mate, have a great need for space heating. In

Sweden, other natural resources such as

forests and ore also lead to the specializa-

tion of industry in energy-intensive prod-

ucts. If the electricity-intensive industry is

taken into account in the calculation of elec-

tricity consumption per inhabitant in Swe-

den, i.e. if the electricity consumption of

electricity-intensive industries is replaced by

the average for industry, the per capita elec-

tricity consumption in Sweden would be re-

duced by 15%. Canada, Norway and Fin-

land also have a high proportion of energy-

intensive industry. All of these countries

contribute towards international work dis-

tribution, since a large proportion of the elec-

tricity-intensive products is exported.

Eleetrici~ genefotion

The total electricity generated in the EU coun-

tries in 1998 was around two thirds of that

generated in the U.S.A., while generation in

the U.S.A. is just over 40 % of that generated

in the OECD countries. Electricity generated

in Sweden is less than 1.7 ?ZOof that gener-

ated in the OECD countries and just over 6 YO

of that generated in the EU. The total elec-

tricity generated in the EU countries increased

by 15 % between 1990 and 1998. In the same

period, Swedish electricity generation in-

creased by more than 8 ‘ZO.

In the EU member states, more than half

the electricity is generated from fossil fuels,

34% from nuclear power and 13 % from

hydropower. Biomass accounts for less than

2 %. Electricity generation in Denmark is

based predominantly on fossil fuels, and the

generation mix in Finland in 1998 consisted

of 33 YO fossil-fired power, 31 YO nuclear

power and 21 % hydro power. In the inter-

national perspective, the proportion of elec-

tricity generated from fossil fuels in Swe-

den in 1998 was low at about 4 %. Sweden

is among the countries that have high pro-

portion of hydro and nuclear power in their

electricity generation systems. The countries

that have the highest proportion of hydro

power are Norway, Iceland, Luxembourg,

Austria and Canada. Norway and Iceland

are foremost in this area, since about 9070

of the total electricity generated is from

hydro power.

The use of renewable sources, excluding

hydro power, for electricity generation is

low. Finland, Denmark and Iceland are the

countries that generate the highest propor-

tion of electricity from renewable sources.

The use of biomass is highest in Finland,

where it accounted for 149’0of the total elec-

trical energy generated in 1998. In Sweden,

about 2 % of electricity generation is based

on biomass. In Austria and Portugal, bio-

mass-based electricity generation is also in

excess of 2 Yo. A few countries have the

conditions necessary for extracting geo-

thermal heat. Iceland and Italy have the high-

est proportions at 10.4 YO and 1.6 YO respec-

tively of the total electricity generated in

1998. Solar power accounts for less than

1 % of the renewable electricity. According

to statistics, electricity from tidal power sta-

tions is generated only in France and Canada

and, in both cases, represents less than 1 Yo

of the electricity from renewable sources.

Some countries, such as Luxembourg,

the Netherlands, Denmark, Switzerland and

Germany, generate relatively high amounts

of electricity from waste incineration. Coun-

tries such as Belgium and the Netherlands



3%

are in forefront, with proportions in excess

of 70 Yo.In relation to the total electricity

generated, Luxembourg and the Netherlands

have the highest proportions at almost 4 %.

In Denmark, the proportion of electricity

from waste is around 2 Yo,and in other coun-

tries, it is less than 2 ?Io.

Electricityprices

Electricity prices vary for different user cat-

egories, i.e. household and industry. In ad-

dition, prices differ widely between differ-

ent countries. In the OECD region as a

whole, the real electricity prices to house-

hold and industry have steadily decreased

during the 1990s. In most countries, domes-

tic customers pay an energy tax, an environ-

mental tax, and/or value added and turnover

taxes. Industrial customers in more than

60% of the countries listed in Table 29 have

no such taxes. In addition, exemption regu-

lations for industry are in force.

Eurostat has studied price developments,

excluding taxes, between 1998 and 2000,

and has found that electricity prices payable

by most households and industrial plants in

the EU have dropped during this period.

Prices to households have dropped most in

Finland (by around 9–12 %), Sweden and

Denmark (6-16 and 9–13 % respectively).

The Netherlands is the only country in which

prices to all customer categories have in-

creased since 1998. Industry in Germany

has enjoyed the highest price decrease at

14-2290. Prices to industrial customers have

also dropped significantly in Sweden, Fin-

land, Portugal, the Netherlands and Great

Britain.

ElecfricifyMarket Direch”ve
The electricity industry is currently under-

going vast changes in many parts of the

world. This is mainly due to new market

conditions and stricter environmental de-

mands.

Work is in progress in the EU on creat-

ing an internal market with increased com-

petition and free pricing on a number of

markets. An internal market for energy in

the EU would contribute towards improved

competitiveness of industry and increased

welfare for the consumers. This will be

achieved by measures such as higher effi-

ciency, lower prices, reliable deliveries and

a better environment.

On 19 December 1996, the EU issued a

directive on “common rules for the internal

market for electricity”, known as the Elec-

tricity Market Directive. The aim of the Di-

rective is to set up common rules for the

generation, transmission and distribution of

electricity. According to the Directive, the

market for electricity should be gradually

opened to competition both in trading and

in the establishment of electricity genera-

tion plants on the EU electricity markets.

According to the Directive, 28 Y. of the elec-

tricity markets should be opened to compe-

tition by the year 2000 and 33 YO by the year

2003. Several countries have chosen to go

beyond the provisions of the Directive. These

countries include Sweden, Finland, Den-

mark, Germany and Great Britain.

NafuralGasDirective
Other important parts of the internal energy

market in the EU are the markets for natural

gas and electricity generation from renew-



able sources. Deregulation of the various

markets is linked together, and there are sev-

eral parallels between the directive for the

electricity market and that for the natural

gas market.

On 22 June 1998, the EU issued a direc-

tive on “common rules for the internal mar-

ket for natural gas”, known as the Natural

Gas Directive. In the same way as specified

by the Electricity Market Directive, the Nat-

ural Gas Directive specifies that the natural

gas market shall be opened to competition.

The electricity sector and industry must be

able to choose the natural gas suppliers, and

the biggest consumers will be given access

first. According to the Directive, 20% of

the natural gas market will have been opened

to competition by the year 2000, 23% by

2003 and 28 % by 2008. The member states

are given relatively wide freedom for the

implementation, and a number of countries

intend to go beyond the provisions of the

Directive. As an example, the natural gas

market in Great Britain is already fully

deregulated. Greece and France have been

granted the right to implement the Directive

at a slower pace. A proposal for amending

the Directive was tabled in March 2001,

suggesting a more extensive market open-

ing and acceleration of the process.

Ek@ricitygeneration

from renewable sources
An objective within the EU is to increase

the proportion of energy generated from re-

newable sources. In many cases, the cost of

electricity generation from renewable

sources is high compared to conventional

power sources, and generation needs to be

stimulated. At the same time, care is being

taken to avoid introducing distortion in the

current deregulation of the electricity mar-

ket. In the spring of 2000, the EU Commis-

sion presented a draft directive on encour-

aging the use of renewable energy sources

(KOM(2000) 279 final). The Directive states

that the objective is to increase the propor-

tion of renewable energy sources (RES-E)

from less than 14% in 1997 to 22 % in 2010.

The EU objective has been apportioned with

specific target figures for every member

country. In addition, the Directive deals with

a definition of renewable energy sources, a

future support system, origin guarantees and

network matters. A decision on the Direc-

tive will be taken in the joint decision pro-

cedure between the Council of Ministers and

the European Parliament. At the end of 2000,

the Council of Ministers achieved political

agreement, and voting will take place in the

chamber in July 2001 after the second read-

ing in the European Parliament. In addition,

the state support regulations were changed

on 1 January 2001 with the aim of making it

simpler for the member countries to provide

state support for renewable energy sources.

While awaiting the Directive coming into

force, individual member states in the EU

are endeavoring in various ways to sup-

port electricity generation from renewable

sources. A fixed price model and infeed ob-

ligation are employed in Germany, which

has resulted in a substantial growth in wind

power generation. In several EU countries,

a form of green certificate is in operation or

is being considered as a value certificate for

electricity generation from certain approved

sources. Scope should be available for trad-

+



ing in these certificates, either together with

or separately from trading in electricity, e.g.

on an exchange. The thought is that trading

will give a market value to the added value

of electricity generated from renewable

sources in relation to electricity from con-

ventional generation sources. Such systems

are in operation or being considered in conn-

tries such as Denmark, the Netherlands,

Great Britain, Italy, Belgium and Sweden.

Such systems are also in operation in the

U.S.A. and Australia.

Climateissues

The climate issue and work devoted to ar-

resting the increase in greenhouse gas emis-

sions have become increasingly important.

To a predominant extent, the emissions of

carbon dioxide originate from energy con-

sumption. Electricity accounts for 40 YO of

the energy consumption in the EU, and a

substantial proportion of electricity gener-

ation in many countries is based on fossil

fuels, as illustrated by Table 27, for instance.

Energy consumption, in turn, has a strong

link with economic activity and growth.

Between 1990 and 1998, the emissions of

carbon dioxide in the industrialized world

have declined. The main reason for the re-

duction is the serious recession in the transi-

tional economies since the early 1990s. How-

ever, emissions have increased in many

countries in the western world, and insistent

demands for change are being made if the

undertakings in accordance with the Kyoto

protocol are to be met.

In Kyoto, the EU undertook to cut the

emissions of greenhouse gases by 870 up to

the years 2@8–2012 in relation to the emis-

sions in 1990. In several countries of the

world, increased use of natural gas is an

important element in the climatic strategy,

since natural gas has the lowest environ-

mental impact of all available fossil fuels.

The carbon dioxide emissions from natural

gas are 40-50 % lower than those from coal

and around 25–35 YO lower than those from

oil. Investments are being made in the EU

into measures such as changing over to nat-

ural gas, improving efficiency, adopting

CHP generation, and generating electricity

from renewable sources.

Taxes and new regulatory measures

For the electricity markets to perform well,

common rules and conditions must be es-

tablished on the various markets. Harmon-

ization of energy and environmental taxes

is an example of one such condition that is

important from the perspective of the Nor-

dic countries. Several attempts have been

made in the EU to harmonize the energy

taxes. However, it has proved difficult to

achieve unanimity in this area. Member

countries are endeavoring instead to find

different ways of achieving the environmen-

tal and climatic targets. In the Nordic coun-

tries, the carbon dioxide tax is an important

measure. Another approach could be to con-

clude voluntary agreements, e.g. between

the state and industry, whereby industry

agrees to certain emission limitations and,

in return, is relieved of having to face legis-

lated limitations. The Kyoto protocol also

regulates the “flexible mechanisms” that

consist of International Emissions Trading

(IET), Joint Implementation (JI) and Clean

Development Mechanism (CDM). In March

2000, the EU Environmental Commissioner

submitted a proposal, known as the “Green

book”, for setting up trade in carbon diox-

ide emission. rights. The proposal relates to

power stations, refineries and four indus-

trial sectors in which carbon dioxide emis-

sions are high. Great Britain and Denmark

are well to the fore, and both have set up

trade in emission rights during 2001. n



Furtherinformation

EL-EW’Nerd Pool, Finland

Phone: +358 96840480

The Electrici@ Market Authority, Finland, is

a government department under the Finnish

Minis~ of Trade and Industry. The Dep~-

ment was formed in 1995 when the new Finn-

ish electricity market came into force. The

main tasks of the Electricity Market Author-

ity are tomonitor that the provisions of the

Electricity Market Law are observed, and to

promote the activities on the electricity mar-

ket that is now based on competition.

Phone: +358 96220360

The Swedish National Electrical Safety Board

is responsible for the state electrical safety

work, issues regulations, participates in stand-

ardization and exercises supervision.

Phone: +46 851911200

The Danish Energy Agency is engaged on

matters related to the generation, distribution

and utilization of energy, and is entrusted with

the task of ensuring on behalf of the Gover-

nment that energy in Denmark is developed

efficiently from the national economy, en-

vironmental and safety aspects.

Phone: +45 33926700

The Swedish Competition Authorizy is a cen-

tral authority engaged on competition mat-

ters, and its task is to promote effective com-

petition in private and public activities, to the

benefit of the consumers. The Authority is

actively engaged on counteracting and taking

action against restrictive practices that are

harmful to consumers, and promotes a com-

petition-oriented attitude in society.

Phone: +46 87001600

The National Swedish Environmental Pro-

tection Board works towards reducing emis-

sions in Sweden and in other countries, and

improving the environment by encouraging

governmental, sectoral, regional and local

authorities, as well as companies and the gen-

eral public to take decisions and adopt meas-

ures that will lead to the objectives that have

been set up.

Phone: +46 86981000

Nordel is an organization that promotes Nor-

dic cooperation in the field of electricity. The

organization was founded in 1963 and is an

advisory and recommending body entrusted

with the primary task of creating the condi-

tions and developing an effective Nordic elec-

tricity market. Nordel serves as a cooperative

body for system operators and as a forum for

interaction between the market players and

system operators in the Nordic countries.

Phone: +358 985611

Nerd Pool is the Nordic electricity exchange

and organizes markets for spot trading and

price assurance.

Phone: +46 855516600

The Norwegian Water Resources and Ener-

gy Directorate (NVE) is accountable to the

Norwegian Department for Oil and Energy

and is responsible for managing the Norwe-

gian water and energy.

Phone: +47 22959595

Swedish Ministry of Industry and Trade

Phone: +46 84051000

The Swedish Nuclear Power Inspectorate

(SKI) plays a supervisory role in ensuring

that all nuclear engineering operations are

pursued in a safe way. Companies that have

received permits for pursuing nuclear engin-

eering operations also bear full responsibility

for safety in the plants and for the safe hand-

ling and terminal storage of spent nuclear fuel.

Phone: +46 86988400

Statistics Sweden is responsible for keeping

official statistics in collaboration with the rel-

evant authorities.

Phone: +46 87834000

The Swedish District Heating Association is

the trade organization for district heating com-

panies.

Phone: +46 86772550

The Swedish Association of Local Author-

ities is entrusted with the task of supporting

and developing the autonomy of local au-

thorities, advancing the interests of local au-

thorities, promoting cooperation between lo-

cal authorities, and assisting them in their

operations.

Phone: +46 84527100

Svenska Kraftniit is entrusted with the task of

commercially managing, operating and de-

veloping a cost-effective, reliable and en-

vironmentally appropriate power transmission

system, selling transmission capacity and

pursuing other operations associated with the

power transmission system. The task of

Svenska Kraftnat is to ensure that the nation-

al electrical system operates as a coherent

system with satisfacto~ reliability.

Phone: +46 87397800

Swedenergy is an association of Swedish elec-

tricity supply companies.

Phone: +46 86772500



SwedishNational
Energy Administration
The Swedish National Energy Administration was formed on 1

January 1998 and is a central management authority for matters

related to the use and supply of energy.

Our main task is to implement the energy policy programme pas-

sed by the Riksdag in the spring of 1997. The programme is aimed

at creating an ecologically and economically sustainable energy

system.

We are working to promote a safe, efficient and environment-

friendly supply and use of energy. We are doing this by means

such as supporting research into renewable energy sources,

technical procurement of energy-efficient products, and provid-

ing investment support for promoting the development of

renewable energy.

The Swedish National Energy Administration is also entrusted

with the task of supervising the electricity market. Our investi-

gation operations are focused on analysing the relationship

between energy, the environment and economic growth.

e
SwedishNational

EnergyAdministration

Swedish National Energy Administration
P.O. Box 310, SE-631 04 Eskilstuna, Sweden

Phone: +46 165442000, Fax: +46 165442099, stem@ stem.se


