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NORDEL

Nordel, established in 1963, is an association for
Nordic electric power cooperation. It is composed
of leading individuals within the power supply sec-
tor in Denmark, Finland, Iceland, Norway and
Sweden. The organisation’s statutes and tasks were
revised in 1993,

Nordel is an advisory and recommendatory
hody, whose prime task is to create criteria for effi-
cient utilisation of the Nordic generating and
transmission systems. Nordel plays a non-commer-
cial role in connection with electricity interchang-
es.

Nordel's tasks include:

B Technical coordination of the Nordic generat-
ing and transmission systems

B Formulation of technical framework conditions
for the Nordic electricity cooperation

B International cooperation

B Contact with other players, organisations and
authorities in the electricity sector.

Nordel’s chairman is elected for a three-year term.

‘The chairmanship rotates between the member

countries. The chairman appoints Nordel’s secre-
tary and is responsible for the secretariat.

Nordel has an Executive Board composed of
one person from each of the Nordic counties. As
Nordel’s executive body, the board makes decisions
on current matters and implements the decisions
made at Nordel's Annual Meeting. The Executive
Board also takes care of Nordel’s external informa-
tion activities.

A large part of Nordel’s work is carried out by
committees and working groups, whose members
include specialists on both the generating and the
transmission side.
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P The Nordic countries are
becoming increasingly linked
with the Continent. Here, the
laying of the Kontek Link,
which went into operation in
autumn 1995,
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NORDEL'S ACTIVITIES 1995

In most of the Nordic countries the electricity sec-
tor is at present changing dramatically in the direc-
tion of deregulation and increased competition.
Norway carried out an electricity law reform back
in 1991, opening up the electricity market for both
generators and users, and in 1995 Finland and Swe-
den decided to deregulate their electricity markets.
In Denmark, too, deregulation of the electricity
sector is on the political agenda. Norway, Sweden,
Finland and Denmark are thus on their way to a
single, integrated Nordic electricity market.

A Nordic electricity market that is open to
hoth generators and users calls for new rules of play
for the interchange of electricity between the
countries involved. Nordel has participated active-
ly in the efforts to establish a new trading system.

In winter 1994/95 a study was carried out under
Nordel concerning the criteria for a Nordic elecrrici-
ty exchange comprising the four coordinating Not-
dic countries, i.e. Denmark, Finland, Norway and
Sweden. The resulting report was considered at an
extraordinary meeting of Nordel on 3 May 1995. To-
gether with Stamett and Svenska Kraftnit's status
report from March 1995, the report is now being
used as a basis for further studies. A Norwegian-
Swedish electricity exchange went into operation on
8 January 1996 and a joint Nordic electricity ex-
change is on the way, although it is not expected to
be in place until at least 1 January 1997.

Nordel's Annual Meeting was held in Reykja-
vik on 24 August 1995. Besides the annual report
for 1994, the current power situation in the various
Nordic countries and the entire Nordic power situ-
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ation for the coming three years, the members con-
sidered analyses of the Nordel system’s power bal-
ance in the year 2000 and the transmission capaci-
ty between the Nordic countries in that year. The
members approved a report on the development of
the Nordic electricity cooperation with associated
recommendations and recommendations for a
standardised procedure for data exchange between
control rooms and for technical specifications for
combined heat and power plant. The members also
approved a proposal for an agreement berween
Nordel/UCPTE and Eurelectric concerning more
structured cooperation,

The development in Europe is characterised by
increased internationalisation, entailing a need to
strengthen cooperation between the European or-
ganisations for cooperation in the electricity supply
sector. The close cooperation between Nordel and
UCPTE has already proved useful in several areas,
including in connection with the deliberations
concerning future electricity cooperation with
Eastern Europe. The cooperation berween Nordel,
UCPTE, UNIPEDE and Eurelectric is expected to
be strengthened still further in the coming years,
and in 1995 Nordel ook steps to strengthen rela-
tions with the power utilities in the Baltic States.

Closer cooperation with the Baltic States is also
a feature of the “Baltic Ring” project, in which a
number of power utilities in Denmark, Sweden,
Finland and Germany are studying the viability of a
linked electricity system and a common market for
electricity around the Balric.

A linked electricity supply system
around the Baltic is being studied in
the “Baltic Ring" project.
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ACTIVITIES OF THE SYSTEM COMMITTEE IN 1995

The System Committee is responsible for more

long-term matters relared to technical systems. Its

work includes

B analyses of the technical collaboration between
generators and grid operators

B follow-up on the capacity situation in Nordel in
both the generation and transmission sectors
and

B analyses of the capacity requirements for trans-
mission between the different systems within
Nordel and between Nordel and other countries.

The major part of its work is handled by the two

working groups, the Generating Group and the

Grid Group, which come under the System Com-

mittee,

The Generating Group has completed the analysis
of the power halance in the Nordel system in the
year 2000, which was started in 1994. The report
comprises a base scenario, supplemented by alterna-
tive analyses depicting how various factors affect
the power balance in the Nordic region.

Only expansions to generating capacity that have
been decided upon are considered in the base scenar-
io. It is assumed that optimum use is made of jointly
operated interconnections without business-related,
political or other limitations. It is also assumed that
no fuel taxes are levied on power generation.

The following additions to the base scenario are
examined in the alternative analyses:

* imports from Russia
* an increased number of cables to the Continent
* increased transmission between Sweden and

Finland

greater increase in the level of consumption

environmental taxes on fuels used for electricity

generation.
The report shows that both the power and the en-
ergy balance ure reasonably strong in the base alter-
native. If consumption is 5% higher, the balance
comes under greater strain, the marginal costs being
above the level for coal-fired condensing power and
exports to the Continent decreasing.

Generation of condensing power is reduced
with present-day environmental taxes. Deliveries to
electric boilers in Sweden and Norway are in-
creased.

Denmark is consistently a major net exporter,
whilst Finland imports energy from the other Nor-
dic countries. The balance for Sweden and Norway
fluctuates sharply between wet and dry years. Inter-
change with the Continent contributes to im-
proved utilisation of Nordic resources.

The Generating Group has started work on its
task of analysing the power balance for the year
2003. Increased emphasis will be put on analyses of
the environmental impact of the scenarios.
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The Grid Group has analysed transmission capaci-
ty between the Nordel countries in a heavy-load
situation around the year 2000. The calculations
take account of existing installations and those for
which a decision has been taken. The report shows
that no major changes in the transmission limits
will take place between 1995 and 2000. No partic-
ular bottlenecks will arise in the system under the
conditions defined in the report. However, changed
circumstances for example with regard to the inter-
change of power between the countries may lead to
restrictions on fransmission, as margins are narrow.

The Grid Group is compiling a survey of envi-
ronmental aspects related to transmission facilities.
A report will be presented to the 1996 Annual
Meeting.

The Grid Group and the NOKSY group of the
Operations Committee have set up a joint working
group to study issues raised by the increasing
number of HVDC-interconnections beween the
Nordic region and the Continent. Baltic Cable be-
tween Sweden and Germany and Kontek between
Eastern Denmark and Germany are interconnec-
tions that have been commissioned recently, and
another three interconnections will probably be
commissioned during the first few vears of the next
decade.

An ad hoc group has revised Nordel’s operating
specifications for thermal power plants. Members of
the System Committee assisted with this work in
seminars and working groups, both within Nordel
and in association with other organisations.

An important part of the Committee’s activities
has been, and will continue to be, working towards
eliminating restrictions on making the most efficient
use possible of the Nordic power generating and
transmission system, partly by creating an overall
picture of the outcome of different scenarios with re-
gard to generating and transmission capacity.



Monitoring nuclear
power operation.
Forsmark power
group

ACTIVITIES OF THE OPERATIONS COMMITTEE IN 1995

ORIENTATION OF ACTIVITIES

The Operarions Committee is responsible under
Nordel's statutes for technical system matters with
a short time horizon and for the technical frame-
work for Nordic electric power interchanges and
day-to-day operation.

The Committee's work has the following primary

arientation:

B The Committee is to establish the basis for op-
timum collective utilisation of the entire Nor-
dic electric power system.

B Particular attention is devoted to the conditions
for electricity trading and improved framewaork
conditions and administrative rules for the mar-
ket contacts between the players involved.

B An open exchange of information should be
encouraged in order to ensure good reliability
and make it possible for the market to work ef-
ficiently.

B The Committee is to be a forum for discussion
on operational collaboration in the Nordic
electric power system.

B Environmental issues are to be given high prior-
ity and are to be handled as an integral part of
activities, and the importance of operational
collaboration to the environment is to be dem-
onstrated.

Two permanent working groups have been set up

under rhe Operations Committee:

B The working group for system operation (NOK-
SY) is to carry out analyses, prepare regulations
and recommendations and coordinate technical

issues related to power systems operation.

B The working group for information technology
in power systems operation (NORCON) is to
promote effective utilisation of information
technology in the operational management of
power systems.
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In its activities, the Committee has to respect the
energy policies and electricity market structures of
the particular countries concerned. The Commit-
tee therefore keeps a close watch on developments
in the electricity markets of the Nordic countries
and rhe EUL

The Operations Committee has been responsi-
ble for the wark of a sub-committee with partici-
pants from the Operations Committee and the Sys-
tem Committee, which has been asked by the Ex-
ecutive Board to prepare an analysis of the scope
for development in Nordel collaboration in view of
the new market situation, in order to:

e guarantee a continued high level of supply security

e facilitate efficient trading of electricity berween
the players in the Nordic countries

A final report containing recommendations on the

orientation for work was approved by the Annual

General Meeting of Nordel in 1995 as forming the

basis for the continued work of the committees.

The Operations Committee has been involved
in the Nordel studies concerning a Nordic electric-
ity exchange.

The Committee has been specially tasked with
investigating the “Definition and pricing of system
services” and how these system services are to work
in conjunction with trading on an exchange.

The Commirtee has recommended thar Nordel
promote acceptance of Nordel’s recommendations
and rules by the EU as being applicable in the Nor-
dic region since they are suited to the technical de-
sign and particular operating conditions of the Nor-
del system.

POWER COLLABORATION

The Operations Committee has constantly dealt
with issues concerned with operational coordina-
tion, reliability, the power situation in the Nordic
countries and conditions to be met for the trading
of electricity.

The power situation in 1995 was governed by
10-20% lower reservoir levels than normal in Nor-
way and Sweden before the spring flood. A cold
spring followed by a period of warm and wet weath-
er meant that the forest and mountain floods coin-
cided, and the floods were exceptionally heavy,
causing damage in Norway and Sweden. Good stor-
age faciliries on developed rivers meant that the
amount of damage caused could be limited.

Nuclear generating capacity was almost fully
utilised apart from the prolonged shutdowns at
Ringhals 3 for steam generator replacement, at
Loviisa for the repair of main circulation pumps
and at Oskarhamn 1, which was shut down for the
whole year for technical upgrading.

Fossil-fuel power overall was utilised to the nor-
mal extent. The expansion of alternative energy




sources and conversion to combined heat and pow-
er is leading to surplus capacity in Denmark. Coal
prices rose during the first half of the year and then
declined.

Net exports of power were made in 1995 from
Norway to Denmark and Sweden and from Sweden
to Denmark, Finland and Germany. The interchang-
es followed the normal pattern, with hydro power
and nuclear power replacing power generated by
fossil fuels, resulting in less environmental impact,

The power situation in the Nordel system is re-
garded as good.

The power and energy balances compiled by
the Operations Committee for the next three years,
1996-1998, show that the balances are good apart
from Norway, where the energy balance shows defi-
cits in both normal years and dry years and the
power balance shows small and declining margins.

The interconnection with the UCPTE system
was strengthened during the year when the 600
MW Kontek Link between Eastern Denmark and
Germany was commissioned. Baltic Cable between
Sweden and Germany is still operating at reduced
capaciry and it remains unclear when the German
permanent connecting line will be ready and it will
he possible to raise capaciry to 600 MW,

The technical conditions for collaboration on
electric power can be improved by a planned in-
crease in transmission capacity between Finland
and Sweden in the north by 300 MW, and the pos-
sibility of increasing rransmission capacity between
Sweden and Eastern Denmark to 2000 MW is be-
ing analysed.

On the other hand, the Commirtee has noted
that the design of the Swedish point tariff for inter-
change of power between Sweden and Eastern
Denmark creates a barrier which has the effect of
reducing trade.

The Committee’s NORCON working group
has been asked by the Committee to draw up a pro-
posal for a standardised communication procedure
to be applied in the exchange of plans, charging da-
ta and so on directly between rhe information sys-
tems of the operating centres. Nordel approved the
recommendation at its 1995 Annual Meeting.

The Operations Committee and NOKSY have
assisted in the compilation of a special article in
the 1995 annual report entitled “Strengthened in-
terconnection between Nordel and Continental
Europe”, for which the chairman of NOKSY acted
as the coordinating author.

The Committee has been involved in describ-
ing Nordic technical and commercial collaboration
as a contribution to the CIGRE analysis entitled
“Examination of the different types of organisations
for interconnected power system operation
throughout the world”, coordinated by its secretary.

A joint meeting was held between UCPTE and the
Operations Committee during the spring of 1995,
at which operational matters and issues concerning
the development of the electricity market in the
UCPTE countries and in the Nordic region were
discussed.

RELIABILITY

The Nordel system operated without any serious

operational disturbances in 1995.

The Committee has started analysing two over-
riding issues relating to reliability:

B National requirements for reliability and supply
security have differed but have chiefly affected
the national market. A common Nordic view of
reliability and supply security for the whole of
the common Nordic market should be establis-
hed in a stronger integration of the national
markets.

B The integrated Nordic power system and its ca-
pacity and reliability are the platform for the
Nordic market. There is an interaction between
the system reliability and utilisation of the sy-
stem by the marker which should be analysed so
that reliahility conditions for free trading in
electricity are surveyed as the hasis for the orga-
nisation and operation of power trading.

The NOKSY working group has been asked by
the Committee to summarise four recommenda-
tions on operating reserves and grid protection and
has made the necessary additions and revisions.
The new recommendation will be presented to the
1996 Annual Meeting of Nordel.

NOKSY has also been asked by the Committee
to focus on such tasks as:

B Analysing the new criteria for grid sizing and
comparing the related safety requirements with
those applied in practical operation

B Comparing operational recommendations and
rules applied in UCPTE and Nordel

B Assessing the frequency quality of the Nordel
system and analysing the interaction between
the requirement for frequency quality, the re-
quirement for regulating power and routines for
the control of generation

B Establishing data for an operating grid for
NOKSY’s operational analyses

B Defining and documenting the transmission ca-
pacity of the cooperated interconnections

B Formulating an improved presentation of sys-
tem operation with regard to frequency, utilisa-
tion of reserves, disturbances etc.

B Analysing disturbances and events of interest in
the Nordel system.
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DEVELOPMENTS IN 1995

The Nordic countries are enjoying stable econom-
ic growth, although rhe rate of growth is some-
what slower than previously expected. In 1995
GNP rose by 3.1% in Denmark, 4.2% in Finland,
2.8% in Iceland, 4.5% in Norway and 3.0% in
Sweden.

In the case of Denmark, the growth of the
economy was primarily driven by domestic de-
mand, while net exports made only a small contri-
bution to activiry. Unemployment fell by just over
50,000 persons in 1995, resulting in an average for
the year of about 290,000, corresponding to about
10% of the workforce.

In Finland, economic growth in 1995 was pri-
marily due to growth of production in industry
and closely related sectors. Domestic demand con-
tinued to rise very slowly and unemployment fell
slightly - from 18.2% in 1994 to 17% in 1995. To-
tal unemployment in 1995 averaged 420,000 per-
s0Ns.

The improvement in lceland’s economy,
which began in 1994, continued in 1995. Most of
the improvement was due to improvements in the
export markets for fish products, which are Ice-
land’s principal production category. Unemploy-
ment rose slightly in 1995, averaging 4.8% apainst
4.4% in 1994,

The Norwegian economy is enjoying a period
of expansion, gathering momentum in the second
half of 1993 with strong growth in privare con-
sumption, housing investments and exports of tra-
ditional goods. In 1995 the upturn gained a broad-
er footing and was particularly strong in industry,

The Swedish-Norwegian electricity exchange
Statnett Marked went into operation at the

commencement of the year 1996

with a substantial increase in investments during
the year. Unemployment in Norway in 1995 was
about 5%.

Economic growth was fairly good in Sweden in
1995, primarily as a result of rapidly rising exports
and strong growth in investments. Domestic de-
mand is weak, due in part to fiscal measures and an
unemployment level of 8%, which is high by Swed-
ish standards.

Total electricity consumption (excl. consumption for
electric-hoilers) for the five Nordel countries
amounted to 355 TWh in 1995 - arise of 2.1% in
relation to 1994. The rise in electricity consump-
tion in the individual countries was as follows:
1.0% in Denmark, 1.2% in Finland, 3.7% in lce-
land, 2.6% in Norway and 2.3% in Sweden.

Total electricity generation in the five Nordel coun-
tries amounted to 367 TWh in 1995 - a rise of 3%
in relation to 1994.

B [n 1995 hydro power was the biggest generation
source, contributing 207 TWh or almost 57%
of the total electricity output. This represents a
rise of 11% in relation to 1994, when genera-
tion was affected by low precipitation and thus
low levels of water in the Norwegian and Swed-
ish reservoirs.

B Nuclear power was the second largest genera-
tion source, contributing 85 TWh, correspond-
ing to 23% of total output. Production from nu-
clear power plants was thus about 4 TWh below
the 1994 level.

B Conventional thermal power plants contribut-
ed 73 TWh, corresponding to 20% of total out-
put. This represents a fall of 8% in relation to
1994,

B Renewable energy sources, comprising wind
power and geothermal power, contributed 1.5
TWHh, corresponding to just under 0.5% of total
output.

Exchange of electricity between the Nordel countries
amounted to 17 TWh. To this must be added 11
TWh interchanged with Germany and Russia. Nor-
way was the biggest net exporter, at 6 TWh, and
Finland was the biggest net importer, at 8 TWh
(including 5 TWh imported from Russia).

P A new small-scale CHP plant
on the island of Masneds -
part of a major expansion of
cogenerating capacity

JATRYD SNADOI HDI0OHA



= Denmark




IFLLAHDS NEDH@! QLOHd

Biomass is an increasingly important feature of Da-

nish energy policy.

ENERGY POLICY

Danish energy policy is based on the objectives set
out in 1990 in the action plan “Energy 2000, a key
element of which is a 20% reduction of CO, emis-
sions by the year 2005.

To maintain this ambitious CO, objective the
Danish government introduced a number of new
energy policy measures in 1995. The main measure
is “green raxes” on energy consumption in industry.

In addition, in December 1995, the Danish Par-
liament passed a bill requiring the power utilities to
purchase electricity produced at small-scale CHP
plants. Under the new act the electricity produced
must be billed at a price corresponding to the long-
term costs of electricity supply, including power fee.
The bill was tabled and passed because of a deci-
sion by ELSAM’s board not to enter into any new
contracts with small-scale CHP plants for the time
being. The reason for this decision is a rapid expan-
sion of small-scale and industrial CHP capacity in
the ELSAM region, which is going to result in
more electricity being produced than is actually
needed.

In 1995 the Danish Parliament also passed a bill
amending the Power Supply Act to enable Danish
power utilities to build up capital reserves for invest-
ment as ordinary risk capital in collateral activities,
e.g. generating plants in other countries and energy
consultancy. The utilities can build up these reserves
from savings from rationalisation measures and simi-
lar instead of passing them on to the consumers in
the form of lower electricity prices.

At the end of 1995 the Minister of Energy and En-
vironment published a discussion paper on Den-
mark's long-term energy policy entitled “Denmark’s
Energy Future”, which includes an analysis of the
theoretical possibilities of reducing energy con-
sumption and of large-scale incorporation of renew-
able energy production capacity in the Danish en-
ergy system. In the coming months “Denmark’s En-
ergy Future” will form the basis for debate between
the political parties and the energy sector. The gov-
ernment will then, before summer 1996, present a
new energy action plan to replace the now 6-year-
old “Energy 2000

During the conrinued discussions in the EU on
a coming council directive on the single electricity
market, Denmark has called for particular priority
to be given to effective care for the environment
and for the member states to be able to impose pub-
lic service obligations on the power utilities with
respect to protection of the environment and sup-
ply security.

ELECTRICITY CONSUMPTION

In 1995 total electricity consumption in Denmark
amounted to 33.5 TWh - almost the same as in
both 1993 and 1994,

Industry, the domestic sector and trade/service
sector each accounted for about 30% of the total
consumption, with agriculture etc. accounting for
the remaining 10%.

ELECTRICITY PRODUCTION
In 1995 domestic electricity production amounted
to 34 TWh, 84% of which was produced at primary
power stations. The remaining 16% was produced
at small-scale plants and renewable energy facili-
ties, where production rose by 30% in relation to
1994,

Total imports from Norway and Sweden

amounted to approx. 4 TWh, while total exports
reached almost 5 TWh, of which more than 3

TWh went to Germany. Thus, for the year as a

whole, Denmark was a net exporter by about 1
TWh.

Coal is still the main fuel used at Danish power
stations, accounting for about 86% of toral fuel us-
age in 1995. Use of natural gas has increased in the
last few years and accounted for about 3.5% of fuel
usage in 1995,

In 1994 SK Power decided to establish a new
multifuel CHP unir at Avedpre Power Station with
a capacity of 460 MWe and 480 M]/s heat. The
new unit will be based on a technologically ad-
vanced concept offering great flexibility and a very
high efficiency. Application has been made for per-
mission to establish the new unit and is now under
consideration by the authorities.

In the ELSAM region two new high-efficiency
convaoy units are Llnder construction - at Sk‘.;l?fba?k
Power Station and Vendsyssel Power Station, each
with a capacity of about 400 MWe and about 400
M]/s heat. The Skeerbaek unit, which will use natu-
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ral gas, is due to go into operation at the end of
1997, and the coal-fired Vendsyssel unit will be
commissioned one year later.

ELSAM has also decided to build a fluid-bed
CHP plant in Arhus with a capacity of approx. 100
MWe and 125 M]/s heat, fired with coal, wood
chips and straw.

Expansion of small-scale CHP production ca-
pacity is proceeding at a rapid pace, and in 1995
alone, small-scale CHP units with a total capacity

Y/
NN

of about 500 MW were commissioned in the EL-
SAM region.

In 1995 SK Power continued test-firing of
Orimulsion, which is being introduced as a supple-
ment to coal. Orimulsion, which is being used at
Asnzes Power Station’s largest unit, offers both fi-
nancial and environmental benefits.

In the biomass sector, the power stations in
Denmark are working on both combustion technol-
ogy and gasification technology. Major projects in-
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Skarbak Power
Station's new
unit 3, which is
expected to go
into operation in
1997
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Converter station on the Danish side of the Kontek Link

clude the construction of a straw-fired boiler at En-
sted Power Station which will burn 120,000 tonnes
of straw and 30,000 tonnes of wood chips per year,
and an outline project for a similar-sized straw-fired
boiler at Asnwes Power Station.

THE MAIN TRANSMISSION GRID

The new Kontek Link, which connects Eastern
Denmark’s electricity system with Germany, went
into operation in autumn 1995, The interconnec-
tion consists of an underground DC cable link from
Bjeeverskov ro Gedser (about 100 km) and from
there an approx. 50 km submarine DC cable to
Margrafenheide north of Rostock. The Konrek
Link has a transmission capacity of aboutr 600 MW,

ELECTRICITY PRICES

From the beginning of 1995 to the beginning of
1996 electricity prices excl. raxes rose by DKK
0.015-0.020/kWh. The average user price with an
annual consumption of 3,500 kWh is DKK 0.472/
kWh. Incl. taxes and VAT, the price is DKK 1.176/
kWh. With an annual consumption of 15,000
kWh, the corresponding user prices are DKK 0.392/
kWh and DKK 1.044/kWh.

The prices for industrial customers with an an-
nual consumption of 2.5 GWh average DKK 0.342/
kWh (excl. taxes) and DKK 0.401/kWh (with tax-
es but excl. VAT).
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A work of art

in nature.
Environmentally
sound electricity
pylons designed
by Antti
Nurmesnieme.

ENERGY POLICY

New Electricity Market Act

The Finnish Parliament passed the new Electricity
Market Act in February. The Act was ratified in
March and went into force on 1 June 1995. With
effect from November 1995, all grid owners are
obliged to transmit electricity to customers whose
purchases exceed 500 kW. The outpur limit for an
obligation to transmit electricity will be repealed in
January 1997, with the effect that the electricity
market will also be opened to smaller consumers.
Those customers who to date have been affected by
competition in the distribution grids have not
changed suppliers to any great extent, despite hav-
ing shown an interest in doing so.

The Electricity Market Act requires grid ser-
vices to be priced according to point tariffs. The
pricing of transmission services should also be
pitched at a reasonable level. The customer is to be
given an opportunity to reach an agreement on all
transmission with a single grid owner and should
have an opportunity to trade throughout the grid.
The construction of main grids (voltage level 110
kV or more) necessitates a separate building permit
for each line. The distribution grids are given re-
gional monopoly rights with associated obligations.

A new authority was also created in conjunc-
tion with the statutory reform, the Electricity Mar-
ket Central Authority, which is to monitor the ac-
tivities of the grid companies.

Guidelines for energy policy and savings programmes
On 14 December 1995 the government took a de-
cision in principle on energy policy and the imple-
mentation of energy savings within the framework
of its energy policy programme. The government
incorporated the Finnish Parliament’s disapproval
of nuclear power expressed in 1993 into its formu-
lation of energy policy and decided to set a target of
increasing the use of biomass energy by 25% by the
end of 2005. The emphasis in the programme for
promoting biomass energy is on making increased

Toppila Power Station at Uleaborg

use of energy from wood. Biomass energy and other
renewable energy is also supported by publicly
funded research and commercialisation activities.

No changes were made to energy taxes for
1996. However, the government has decided to
shift the emphasis in electricity taxation away from
environmental taxes on fuel to taxing consumers,
but withour altering the overall level of taxation.
Decisions on precisely how the taxation will be ori-
ented will be raken during 1996. It was also agreed
that an alternative tax model for industry should be
prepared. This model can be put to use if the com-
petitiveness of industry so requires. This provides a
way of alleviating the burden of taxation.

The government also decided on a programme
for energy saving, under which the growth in ener-
gy consumption, which has been estimated at 30%
by the year 2010, will be cut to 15-20%. The inten-
tion is that energy savings should have an impact
in such sectors as construction, manufacturing in-
dustry and transport. A decision will be made in
1996 on detailed procedures for putting the savings
measures into effect.

ENVIRONMENT

The environmental permits and environmental law
committees issued a joint interim report. The com-
mittees are tasked with harmonising Finnish envi-
ronmental legislation with the principles of the
EU's IPPC Directive and improving coordination
in the consideration of applications for environ-
mental permits. This work will be completed dur-
ing the spring of 1996.

Preparations were started for the establishment
of a new committee, to be tasked with assessing the
need for measures with the aim of further limiting
SOx and NOx emissions, which cause acidifica-
tion. The committee is due to issue its report in au-
tumn of 1997,

The Ministry of the Environment presented a
proposal for a tax on waste in conjunction with the
autumn budget negotiations. This waste tax would
also be levied on ash and residual products from
desulphurisation dumped on public landfill sites.
General principles and rax levels are currently un-
der examination.

Imatran Voima Oy (IVO) and Industrins Kraft
Ab (TVO) set up a joint company, Posiva Oy, to
deal with the final storage of spent nuclear fuel
from the Loviisa and Olkiluoto power stations. Po-
siva’s activities began at the start of 1996. Posiva is
continuing the geological surveys which TVO has
conducted at Euradminne, Kuhmo and Aiinekoski.
A preliminary investigation of the bedrock at Lovi-
isa is also to be carried out.

ELECTRICITY CONSUMPTION

Electricity consumption in Finland amounted to
69.0 TWh in 1995, which represents an increase of
1.1%. The increase in temperature-adjusted terms
was 2.1%. Industry’s share of electricity consump-
tion was around 33%. The increase in consumption



in the industrial sector slowed to just over 2%,
compared with 6% in 1994. Generating capacity
was fully utilised in many sectors and no new ca-
pacity came on stream. However, reduced demand
at the end of the year led to generation in the for-
estry industry being limited. The recession in the
building industry and continued restructuring of
the service industries meant that the increase in
electricity consumption in the housing and service
sectors was small. Consumption outside the indus-
trial sector remained unchanged from the previous
year owing to the mild winter. The equivalent
change adjusted for temperature was +1.5%.

The peak output for the year was 11,000 MW,
which was registered during a day when the tem-
perature was -15°C. The peak output in 1994 was
300 MW higher.

ELECTRICITY PRODUCTION

Demand for electricity rose by 0.6% during the year
to 69.3 TWh. Imports of electricity rose most
sharply, by 30% to 8.7 TWh, which is equivalent to
around 13% of Finnish electricity supply. Electrici-
ty was imported from Russia (4.8 TWh, down 4%),
Sweden (3.8 TWh, up 130%) and Norway (0.1
TWh).

Hydro power generation was slightly above av-
erage and amounted to 12.8 TWh (up 10%). 18.1
TWh was generated at nuclear power stations,
which represents a decrease of approximately 1%.
The availability factors for the units at Loviisa were
83.5% and for the units at Olkiluoto, 94.1%, which
gives an average of 90%. An outage at Loviisa dur-
ing the autumn meant that around 0.5 TWh was
lost. The seals of the main circulation pumps which
were replaced with a new model as part of the over-
haul were found to leak and had to be replaced by
seals of an earlier type.

Generation of back-pressure power rose by 3%
compared with the previous year, while the in-
crease in imports and hydro power reduced the
need for condensing power by 27%.

NANTAST INYHATOLOH

Generating capacity increased by a total of 220
MW. The new capacity consisted of hydro power,
combined heat and power and industrial back-pres-
sure power.

At the end of 1995, a total of approx, 1,000
MW of new generating capacity was either under
construction or at the stage where projects had
heen given the ga-ahead. After the decommission-
ing of old power plants, the net increase is approxi-
mately 900 MW. About half the increase is ac-
counted for by the gas-fired CHP station at Nord-
sjos, Helsinki, which will be commissioned in 1997,

ELECTRICITY PRICES
A large proportion of purchasers of crude power
signed new contracts in 1995. The ten-year con-
tracts, which are based on what is known as the H/
85 tariff system, expired in November 1995 and are
being replaced by new, more flexible contracts.

The more stringent energy taxation and struc-
tural changes in the crude power market affected
prices charged to end-users, which rose by an aver-
age of 8-10% during the year. The average taxed
consumer price at the start of 1995 was FIM 0.58/
kWh in apartment blocks, FIM 0.50/kWh in de-
rached houses, FIM 0.38/kWh in houses with direct
electric heating and FIM 0.32/kWh in houses with
electric storage heating.

The average taxed transmission price for medi-
um-sized industry stood at FIM 0.085/kWh. How-
ever, the price level varied sharply between areas,

from FIM 0.06 to FIM 0.12/kWh.

MAIN GRID
In accordance with the new Electricity Market
Act, point tariffs went into effect in all grids from
November. IVO Transmission Services Ltd (IVS)
and Teollisuuden Voimansiirto Oy (Industrial Pow-
er Transmission Ltd, TVS) took a decision to apply
a uniform point tariff throughout the main grid.
The Ministry of Trade and Industry, IVO and
Pohjolan Voima Oy (PVO) signed a framework
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agreement in December on the establishment of a
joint nationwide main-grid company. It is planned
that the new company will commence activities on
1.9.1996, but no later than 1.1.1997. The main
grids of IVS and TVS and 1VO’s connecting lines
to Sweden, Norway and Russia will pass into the
ownership of the new company. Some other com-
panies also hold small grid shares which will also
pass to the new company.

No group of owners will have a dominant posi-
tion in the new company. IVO and PVO will be-
come part-owners with a halding of around 30%
each and the Finnish government will have a hold-
ing of around 10%. The company is also looking for
a few domestic institutional investors to become
part-owners. The share capital of the new company
amounts to FIM 1.3 billion. The remainder of the
purchase is being financed by loans.

IVS did not commission any additions to the
grid during the year. In the autumn a decision was
taken to build a new 400/220 kV transformer sta-
tion at Pyhiinselki on the River Ule and a 20 km
400 kV line for the section from Pyhinselki to
Pikkarala. The station and the line are due to be
completed in autumn 1997, The 400 kV line from
Koria to Kymi (40 km) is under construction and
will be commissioned in the summer of 1996, ini-
tially carrying a voltage of 110 kV. Because of the
increase in raxation, IVS has decided to increase
the outpur of the 400/110 kV transformers at the
Raumo and Alapitkii stations.

Reliability was high throughout the year, and
no serious disturbances occurred in the main grid.

SYSTEM RESPONSIBILITY AND BALANCING
A system of agreements relating to technical inter-
connected operation recommended by Sihkévaltu-
uskunta was applied in 1995. Sihkévaltuuskunta is
the collaborative organisation of the electricity sec-
tor, composed of representatives of generators and
main-grid companies. Besides the agreement with
IVS and TVS on parallel operation of main grids
and grid services, the system also covered agree-
ments between the main-grid companies and the
generators with regard to holding reserves of grid
capacity for disturbances and agreements on main-
taining rechnical generating reserves.
Siihkévaltuuskunta prepared its proposal with
regard to system responsibility during the year. An
agreement was also entered into on transitional ar-

rangements for system responsibility and balancing
during 1996.

Suomen Voimatase Oy (Finska Kraftbalans Ab)
was established at the end of 1995 to be responsible
for regulating power in the Finnish electricity sys-
tem and the balance between generation and con-
sumption. The company is commencing operations
in stages during 1996. The part-owners of Suomen
Voimatase Oy are IVO and PVO and the grid com-
panies IVS and TVS. The company’s ownership
base may also be expanded in the future.

Suomen Voimartase Oy purchases regulating
power and deals with continuous regulation. The
company does not at present have any permanent
staff and instead purchases the services it needs,
primarily from its part-owners.

MISCELLANEOQUS

The restructuring of the pattern of ownership in
the industrial sector in electricity generation con-
tinued. As a consequence of the new Electricity
Market Act, the electricity-selling function of TVS
was transferred to a new company, Teollisuuden
Sihkonmyynti Oy, which has been created for the
purpose. This company, whose owners include UPM-
Kymmene, Enso and Kemira, began operation in July.

The generating company Sydfinska Kraft was
merged with PVO, making the City of Helsinki,
Piijiat-Himeen Voima and Vanda Elverk share-
holders in PVO. The distribution activities which
PVO acquired as part of the merger were split and
sold off to four local distributors.

Other redistributions of ownership and struc-
rure were also made in the distribution sector. Lojo
El and Vihdin Sihks, owned by IVO, and the elec-
tricity distribution part of the Paloheimo company
were merged on 1 November, their activities being
split into a sales company (Nylands Energi) and a
grid company (Nylands Elniit). This solution was
the first of its kind in Finland.

The Swedish power company Vartenfall ac-
quired over 90% of the shares in Lapuan Sihké and
Himeen Sihka, which is one of the largest distrib-
utors in Finland.

In February 1995 the Ministry of Trade and In-
dustry published a white paper on the conditions
for trading on a power exchange in Finland. It was
noted in the white paper that an electricity ex-
change could be created in Finland but thar the
goal should be Nordic collaboration on an electric-
ity exchange. When deregulation came into effect
in November, 45 small power stations started murtu-
al rrading on a power exchange (Voimartori) on a
small scale through their purchasing companies. In
the autumn the option broking firm of Suomen
Optionmeklarit Oy (SOM) presented its proposal
for electronic power-exchange trading, which was
to be based on the power-exchange program of the
Swedish OM Gruppen. Most major players have
expressed an interest in the proposal, and it is
planned that trading on the exchange will com-
mence in the summer of 1996,
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Scene from a hydroelectric power station in
North Iceland

ENERGY POLICY
Following the general election in April 1995 a new,
coalition government comprising the Independ-
ence Party and the Progress Party took power in
lceland. Finnur Ingélfsson, Progress Party, was ap-
pointed Minister of Industry, Energy and Trade.
Concerning energy policy the new government
declared in its programme that it would work for
continued industrial expansion and that it would
revise the legislation concerning foreign invest-
ments in Iceland with a view to attracting foreign
capital.

4 Reykjavik with the island of Videy and Mount
Esja in the background and Reykjavik District
Heating Station’s hot water storage tanks with
the restaurant “Perlan” in the foreground

The Minister of Industry is now preparing a revi-
sion of lceland's Energy Act from 1967, He has an-
nounced that a committee will be set up with peo-
ple from the ministry, the lcelandic Energy Agency
and interested parties to assist him in the revision
of the act, which is expected to start in the first
quarter of 1996.

ENLARGEMENT OF SMELTER AT
STRAUMSVIK

On 16 November 1995 the Minister of Industry
and representatives of the Swiss Alusuisse-Lonza
Group in Ziirich signed a contract on an expansion
of the capacity of the Group’s aluminium smelter at
Straumsvik south of Reykjavik from 100,000
tonnes to 162,000 tonnes per annum. The enlarge-
ment is expected to be completed at the end of
1997. It will absarb the present surplus capacity of
the lcelandic power system but will lead to only a
minor expansion of this. At the same time, Alusu-
isse-Lonza and Landsvirkjun signed a power supply
contract for the enlarged smelrer.

Negatiations are in progress between the lce-
landic authorities and the American company Co-
lumbia Aluminium Company on the construction
of a small smelter, capacity 60,000 tonnes per an-
num, in south-west Iceland. The negotiations are
nearing their conclusion and CAC is expected to
decide whether to site the works in Iceland or else-
where in the first quarter of 1996,

Negotiations with the so-called ATLANTAL
Group on a new aluminium smelrer with a capacity
of 210,000 tonnes per annum in lceland stood still
in 1995 bur are expected to be resumed in January
1996.

ELECTRICITY CONSUMPTION

Electricity consumption in leeland in 1995
amounted to 4,977 GWh gross, i.e. including trans-
mission and distribution losses and the power sta-
tions’ own consumption. In 1994 consumption
stood at 4,733 GWh. Consumption has thus in-
creased by 4.3%. It consisted of 3,954 GWh firm-
contract power and 1,023 GWh unguaranteed
power.

Of the toral consumption, 50.1% went to in-
dustrial customers (50.4% in 1994), Ordinary con-
sumption increased by 4.9% without correction for
deviations from normal temperature. Including
this, the increase was 4.3%.

ELECTRICITY PRODUCTION
Electricity production, which is equal to gross con-
sumption since lceland neither imports nor exports
electricity, was 4,977 GWh against 4,773 GWh in
1994, Of this 4,679 GWh or 94.0% was hydro pow-
er (94.5% in 1994), 290 GWh or 5.8% was geo-
thermal power (5.4% in 1994) and 8 GWh or 0.2%
came from diesel or gas turbines (0.1% in 1994).
Installed capacity at public power stations was
1,049 MW at the end of 1995 (1,043 MW at the
end of 1994).



ELECTRICITY PRICES Entrance to the
Landvirkjun’s bulk sales tariff to the distributors re- underground
mained unchanged in 1995. The main distributors’ “Laxa III”
retail tariffs also remained unchanged throughout hydroelectric

the year. power station in

The market price for crude aluminium rose North Iceland
strongly from 1994 to 1995, and with it, the price
charged by the Landvirkjun for power supplied to
the lcelandic aluminium company ISAL. The price
lay at USD 17.2M/kWh in both the first and the
fourth quarter of 1995, corresponding to SEK
0.114/kWh based on the price of the dollar on 31
December 1995.

MISCELLANEOUS

The ICENET study group, which is composed of ipation by representatives of the Landsvirkjun. A
representatives of two Dutch electricity companies,  final report is expected in spring 1996. At the same
a Dutch cable manufacturer and Reykjavik Munici-  time, the Landsvirkjun, in cooperation with Scot-
pality, is studying the possibilities for exporting tish Hydro-Electric, carried out a study on a subma-
electricity from leeland to the Netherlands. The rine cahle interconnection between lceland and
committee continued its work in 1995, with partic-  Scotland or England.

Electricity being led to the town in the twilight hours
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The Minister of Industry and Energy, Jens Stalten-
berg, made a statement on energy policy in the
Norwegian Parliament (the Storting) in March
1995. The statement and the ensuing debate in the
Storting did not hold out the prospect of any
change in energy policy. Government policy on the
power market is expected to continue as at present.
Key issues in the coming period will be the ques-
tion of expanding gas-fired power generation and
the continuation of work on a Nordic electricity
market.

The government has presented its own report
on the use of natural gas in Norway, including the
construction of gas-fired power stations (White Pa-
per No. 44 1994-95). The white paper discusses the
conditions for gas-fired power generation from the
Nordic point of view with an anticipated tighter
power balance. Building gas-fired power stations in
Norway will be an alternative way of meeting the
increasing demand for power in the Nordic region.
The government will only be able to support a gas-
fired power station if it is cost-effective and con-
tributes to improving the environment. The white
paper is expected to come before the Storting in
the spring of 1996.

The Storting has considered its own report on
the organisation of power trading with Sweden
(White Paper Na. 11 1995-96). The report is based
on the resolution passed by the Swedish Parliament
(Riksdag) for new electricity legislation with effect
from 1 January 1996. This white paper deals with
the conditions for the transmission of power be-
tween Norway and Sweden, the establishment of a
common electricity exchange berween the coun-
tries and the basis for technical cooperation on sys-
tems berween the national grid companies, Stat-
nett and Svenska Kraftnit. The Government won
approval by the Storting of its policy on a common
Norwegian/Swedish power market, which will be
expanded in the longer term to include Finland
and Denmark. The resolution confirms the conclu-
sions drawn at the meeting between the Nordic
Ministers of Energy in June 1995 on the require-
ments to be met for continuing to develop the tra-
ditional Nordic cooperation on electricity.

The Ministry of Industry and Energy on 21 Sep-
rember 1995 granted a concession to EuroKraft
Norge AS (EuroKraft) for an agreement on power
interchange with EST EuroStrom Trading GmgH
(EuroStrom). The agreement differs slightly from
the long-term power interchange agreements for
which concessions have previously been granted in
that the parties are to undertake an almost energy-
neutral interchange of up to 3 TWh annually (1.5
TWh in each direction). In addition, EuroKraft is
to supply 0.5 TWh to Germany annually. The re-
maining capacity is to be used for short-term power
interchange in accordance with prices on the Nor-
dic electricity exchange and marginal costs in the
EuroStrom system. The interchange is to take place
via a 600 MW cable between Norway and Germa-

January 2003 and the term of the agreement is 25
years.

EuroKraft is owned by 22 Norwegian power
generators which together represent just under 30
per cent of Norwegian generating capacity. Eura-
Strom is owned on a 50/50 basis by Hamburgische
Electricitits-Werke AG (HEW) and RWE Energie
AG (RWE). RWE is Germany's largest power gen-
erator, with an annual output of 125 TWh. HEW
generates 12.5 TWh annually. The Norwegian Wa-
ter Resources and Energy Administration (NVE)
has refused an application from Akershus Energi-
verk for permission to take over the distribution
hoard Oppegird Energiverk. NVE justified its refus-
al on the grounds that the purchase would signify
increased vertical integration between power gen-
eration and distribution. According to NVE, this
could mean increased opportunities for cross-subsi-
dy and the use of market strength and could weak-
en the wholesale market. An appeal against the re-
fusal has been lodged with the Ministry of Industry
and Energy for a final ruling.

The government submitted proposals in De-
cember 1995 on wide-ranging changes in the taxa-
tion of power companies. The proposal replaces the
present valuation-based tax (percentage of assessed
value) with an ordinary tax on profits. The power
companies have had strong objections to the pro-
posed implementarion of the proposal, and it is un-
certain if the proposal in its present form will be
adopted by the Storting.

ELECTRICITY CONSUMPTION

Total gross consumption in Norway amounted to
117.0 TWh in 1995, representing an increase of 3.5
TWh compared with 1994.

Gross consumption in general distribution
amounted to 78.5 TWh in 1995, up 1.7% from
1994. Adjusted to normal temperature conditions,
general consumption is calculated at 79.0 TWh, an
increase of 1.7% compared with the same period in
the previous year.

Consumption in energy-intensive industries
amounted to 28.5 TWh, up 3.6% on the 1994 fig-
ure.

Total demand for power for electric boilers and
pumped storage power amounted to 7.6 TWh, a
rise of 10.4% compared with the previous year.

Consumption of light heating products (light
fuel oils and paraffin) totalled 937 million litres.
This represents a drop of 3.4% compared with
1994, Consumption of heavy fuel oils amounted to
344 million litres, representing a drop of 12.5%.

Electricity consumption accounted for 49.9% of
the energy content in energy carriers supplied to
end-users (net final consumption). This represents
an increase of 0.3 percentage points from the 1994
figure. Petroleum products provided 36.8% and sol-
id fuels 12.67%. District heating accounted for
around 0.7%.

The peak load relating to domestic consump-

4 lce-covered
power lines
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tion, including electric boilers and pumped storage
power, was recorded on 28 December, when it
reached 19,491 MW. This represents a reduction of
295 MW compared with 1994. At the peak-load
hour, exports amounted to 960 MW.

ELECTRICITY PRODUCTION

The recorded figure for hydro power generation was
122.9 TWh in 1995. With an addition of 0.6 TWh
of thermal power, total generation thus amounted
to 123.5 TWh. This is 10.0 TWh or 8.8% up on
the 1994 output figure.

The interchange of power with other countries
resulted in net exports of 6.5 TWh. This represents
a change compared with the situation in 1994,
when there were net imports of 0.1 TWh.

New generating capacity in 1995 toralled 113.9
MW, with average annual output of 490.0 GWh.
The additional capacity was provided by a total of
ten projects, mostly small-scale power stations. The
largest single project was the Hekni power station,
providing 56.0 MW and 240.0 GWh/year.

NVE has estimated the mean yearly output in
the Norwegian hydro power system at 112.2 TWh
based on data returned for the period from 1931 to
1990. In addirion, Norway has thermal power sta-

420 kV power line between Sima and Dagali,
Finseskaret
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tions with mean annual output of 0.6 TWh. Total
Norwegian power output in 1994 was thus 9.4%
higher than the calculated mean annual figure. The
installed capacity at hydro power stations totalled
27,276 MW at 31 December 1995.

In 1995 the company Naturkraft AS, which is
owned by Sratoil, Statkraft and Norsk Hydro, has
given the concession authorities advance notice of
plans for gas-fired power stations. On that basis, the
company has in February 1996 applied for licence
to build and operate a gas-fired power station. The
application includes the sites Kérstg in Rogaland
county, and Kollsnes in Hordaland county. These
are locations where North Sea gas is brought
ashore, Installed power can amount to 350 MW for
each site. A decision on the application will be

made in 1996.

ELECTRICITY PRICES

The average price (quantity-weighted) for power
sold through Statnett Marked AS was NOK 125/
MWh for 1995. This represents a fall of as much as
29.4% compared with 1994. The average price of
power distributed through the daily market was
NOK 113/MWh. The highest price in this market
was NOK 210/MWh (4 January) and the lowest
was NOK 22/MWh (21 June). The average price of
regulating power was NOK 112/MWh, whilst it was
NOK 145/MWh for the weekly market. The total
quantiry sold through Statnett Marked was 40.9
TWh, made up of 20.0 TWh in the daily market,
5.5 TWh in the regulating power market and 15.4
TWh in the weekly market.

The average domestic price is calculared at
NOK 0.497/kWh including taxes. This represents
an increase of 4.6% compared with 1994. The aver-
age price for 1995 including raxes is made up of a
power price of NOK 0.278/kWh and a rransmission
price of NOK 0.219/kWh.

An electricity tax is levied on the consumption
of power. Manufacturing industry, mining, green-
houses and electric boilers have been exempted
from this tax with effect from 1994, Consumers in
the counties of Nord-Troms and Finnmark are also
exempt from this electricity tax. The level of tax in
1995 was NOK 0.052/kWh, rising to NOK 0.053/
k'Wh for 1996. A generating tax is levied on all
electricity generated. The rax for 1995 stood at
NOK 0.0152/kWh, whilst it has been increased to
NOK 0.0155/kWh for 1996. The tax base is 1/15 of
total output generated during the last 15 years. As
with other goods and services liable to VAT, elec-
tricity was subject to 23 per cent VAT in 1995, and
this rate remains unchanged for 1996, The three
northernmost counties are exempt from VAT.

Statnert Marked AS, which arganises the Nor-
wegian marketplace for trading in physical power,
reorganised the weekly market with effect from 29
September 1995 from heing a market on which
contracts for the delivery of physical power are sold
to a purely financial market. The players will ob-
tain daily calculations of gains and losses in rela-
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tion to the daily market on the power contracts
they have purchased up to the week in which the
power is to he delivered. The contract is finally set-
tled at the system price on the daily marker.

MAIN GRID

The Skagerrak link, pole 1, failed on 21 June as a
result of damage to a submarine cable. The fault oc-
curred some 30 km from land at the point where
the link comes ashore north of Tjele in Jutland.
This is an area where damage had previously oc-
curred to the cable, partly as a result of trawling ac-
tivity by fishing vessels. The cable was repaired and
ready for operation after 12 days. This is a major re-
duction in repair time compared with previous in-
cidents. The previous incident of this kind oc-

curred in 1988.
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There was an outage on the 300 kV line between
Faberg and @vre Vinstra on 16 August as a result of
forest clearance work close to the line. Overhauls
and disconnected lines due to previous faults led to
sectioning of the Nordic grid with a separate area
in Central Norway with a total surplus of 900 MW,
The remaining Nordic grid consequently had a to-
tal deficit of 1,000 MW. This led to gas turbines be-
ing started up in Sweden and reduction of power
transmission to Denmark via the KontiSkan link in
Southern Sweden.

Plans for further expansion of the main grid are
heavily dependent on cable links decided upon be-
tween Norway and the Continent and plans for
gas-fired power stations. The first applications for
concessions relating to specific transmission facili-
ties are expected at the beginning of 1996.
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ENERGY POLICY

Energy policy throughout most of the year was
dominated by two topics, reform of the electricity
market and the future of nuclear power in the
Swedish generating system. Both these issues were
discussed during the year by a parliamentary com-
mission, the Energy Commission.

The Commission delivered a preliminary report
on electricity market issues on 22 February. The
Commission’s analyses showed that it was possible
to change the regulations applicable to the electric-
ity market without making it more difficult for an
answer to be found to the issue of nuclear power.
On 24 May, the government introduced Bill 1994/
95:222, in which it was proposed that the dormant
legislation on reorganisation of the electricity mar-
ket should come into force on 1 January 1996 with
minor adjustments. The Swedish Parliament (Riks-
dag) decided on 25 October to implement the re-
form.

The new legislation means that electricity will
be generated and sold on a comperitive hasis,
whilst grid activity will continue to be regulared
and monitored in a special way. It is emphasised in
the Parliamentary Industry Committee’s report on
this topic that the primary purpose of the reform is
to strengthen the position of consumers,

The Energy Commission issued its report enti-
tled “Reorganising the energy system” on 18 De-
cember. The report considers that conflicting aims
continue to exist in energy policy. The Commis-
sion expresses this as follows: “The Commission con-
siders that conflicting aims remain. This is clearly ap-
parent in relation to climate. Problems also arise for
employment and welfare and because of the difficulty of
maintaining competitiveness if all nuclear power is
phased out by 2010. The results achieved in energy ef-
ficiency improvements, supplies of renewable energy
and opportunities for maintaining internationally com-
petitive prices will determine the pace at which nuclear
power is phased out, In view of the forecasts and assess-
ments made by the Energy Commission, no date for the
decommissioning of the last veactor should be fixed.” Tt
is stated ar the same time that “it is the view of the
Energy Commission that a nuclear power facility can
he closed down during the period of the mandate with-
out the power balance being noticeably affected.” (The
mandate expires in the autumn of 1998.)

The report has been sent out for comment to a
large number of interested parties. The period for
submission of comments expires during the spring of
1996 and it is therefore unlikely that a new state-
ment of position on the nuclear power issue will be
made in the Riksdag before the autumn of 1996,

ELECTRICITY CONSUMPTION

Electricity consumption in 1995, excluding electric
boilers, amounted to 128.0 TWh, an increase of 2.4
TWh compared with the previous year, In addition
to direct electricity consumption, rransmission loss-
es amount to 9.0 TWh, against 8.2 TWh in the
previous year.
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Heating boiler fired by natural gas, Papyrus, Gothenburg

Weather conditions during the past year were
broadly normal in terms of temperature, so that
electricity consumption adjusted for weather rose
by only 0.5 TWh, to 128.5 TWh.

Power supplied to disconnectable electric boil-
ers in 1995 amounted to 4.7 TWh, representing an
increase of 0.6 TWh compared with the previous
year. Total electricity consumption in Sweden thus
stood at 132.7 TWh, a rise of 3.0 TWh.

Industry including the energy sector used 56.0
TWHh, a total of 1.6 TWh less than consumption in
the previous year. Industrial consumption exclud-
ing the energy sector increased by 1.5 TWh. The
food and timber processing industries used 2.4 and
2.0 TWh of electricity respectively.

The pulp and paper industry, which is the most
intensive industrial user of electricity in Sweden,
consumed 19.1 TWh, unchanged from the previous
year.

Consumption by the rail and tramway sector
was unchanged at 2.5 TWh.

Electricity consumption in the housing sector
amounted to 36 TWh, a rise of 0.1 TWh from the
previous year.

The interchange of power with neighbouring
countries was less extensive than in the previous
year. Sweden exported 9.4 TWh and imported 7.7
TWh, which gives a surplus of exports over imports
of 1.7 TWh.

The year'’s single-hour peak figure for electricity
consumption was 24.4 GWh/h, which was recorded
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on 21 December between 8 and 9 a.m. This can be
compared with the all-time high of 26.2 GWh/h
recorded on 12 January 1987.

ELECTRICITY SUPPLY

Total electricity output amounted to 143.3 TWh,
an increase of almost 5.7 TWh compared with the
previous year,

Hydro power stations generated 67.0 TWh,
which is 3.4 TWh above the mean annual output
level. Availability of water was very good during
the year and for a period during the summer the in-
flow was extremely high. The inflow level during
weeks 22 and 23 was 279 and 247%, respectively, of
normal annual inflow. This was easily coped with
on regulated rivers, but the high water levels
caused flooding on unregulated rivers. Annual in-
flow was 121% of the average annual value. Reser-
voirs were 53 per cent full at the end of the year,
equivalent to an energy value of approx. 18 TWh.

Qutput generated by the nuclear power stations
during 1995 amounted to 66.7 TWh, representing
a reduction of 3.5 TWh compared with the previ-
ous year.

The Oskarshamn | nuclear reactor was shut
down for continued overhaul during the year.
Apart from thar there were few unplanned outages.

The energy availability rate was 76.9%, slightly
down on the previous year. The availability rate in
Swedish nuclear power can be compared with a
world average of 69.8 - 74.5% over the last ten
years for light-water reactors (reactors in the former
Soviet Union are not included in the weighted
world figure). Of the Swedish reactors, Forsmark 3
achieved the highest availability rate at 92.8%,
closely followed by Forsmark 2 at 91.7% and Fors-
mark [ at 91.5%.

Back-pressure generation amounted to 8.9
TWHh, an increase of 0.3 TWh compared with
1994. Output from condensing plants, gas turbines
etc. stood at 0.6 TWh, a decrease of 0.3 TWh.

As a result of the reconstruction of the Gidea-

Hydro power station - Norrbotten, Lule river
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Krakerud Power Station

backa hydro power station, there was a net addition
of installed power of 7 MW. Further hydro power
capacity has also been added at Lofsén with 4 MW
and Domnarvet with 2 MW. The capacity of the
first reactor at the Oskarhamn nuclear power sta-
tion was increased by 5 MW. There has been an ad-
dition of 35 MW based on woad chips at the com-
hined heat and power station at Nyképing. A total
of around 60 plants with a combined output of 29
MW have been added in the area of wind power.
The Kvamsveden oil condensing plant has
been closed down with a loss of 28 MW of output.
A total of another 28 MW has disappeared as a re-
sult of small hydro power installations being closed
down. Reconstruction of the pumped storage power
plant at Juktan also started during the year. This
has resulted in a loss of 335 MW, Following the
closure of the gas turbine facility ar Hallstavik and
the relocation of parts of its capacity to Gotland,
there has been a net decrease in capacity of 120

MW

MAIN GRID AND INTERNATIONAL LINKS
Preparations have been made so that construction
of the new 400 kV line between Breared and
Soderdsen can be started. A concession has been
obtained. Work has been carried out on a number
of existing lines. On the line between Letsi and
Betisen and north of the Skellefted river, a number
of new pylons have been erected to reduce the risk
of landslides due to ice loading. The line between
Stadsforsen and Torpshammar has been upgraded.

The work on renovating the 400 kV switching
station at Kolbotten is now nearing completion.
The work has involved adding apparatus to supple-
ment the switching station and installing a new
monitoring facility:

At Avesta a new transformer has been installed
to supply a new furnace at the steelworks. A reactor
broke down at Hallsberg and was replaced with an
old reactor which had been kept in reserve. A new
400 kV 150 Mvar reactor was installed at
Séderasen and commissioned on 1 March.

Oprical-fibre links have been installed along
existing lines in the Gothenburg and Stockholm
areas and on the Malma to Helsingborg and Stock-
holm to Viaddé sections, a total of 290 km.



Nuclear power station - reactor hall, Forsmark

ELECTRICITY PRICES

In view of developments in the Swedish electricity
market in recent years, no uniform electricity price
can be reported. The reason for this is that the
players in the electricity market have started ad-
justing to the expected reorganisation even before
reforms have been formally implemented. All con-
tracts for the supply of electricity are therefore pre-
ceded by negotiarions on prices and other terms of
supply. The pricing picture is consequently highly
fragmented.

As part of the financing of Sweden’s member-
ship of the EU, the Riksdag has decided to raise en-
ergy taxes from 1 January 1996, This means that
hydro power taxation has been doubled and is lev-
ied at the rate of SEK 0.02 or 0.04/kWh except for
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more recent installations, which are exempt from
this taxation. A premises tax has also been intro-
duced from the same date which is levied on indus-
rrial premises (including power station premises) at
the rate of 0.5 per cent of the assessed value. The
tax on electricity generated at nuclear power plants
was also increased from SEK 0.002/kWh to SEK
0.012/kWh.

In 1993 the Riksdag decided to raise energy
raxes according to an index based on the general
trend in prices over the twelve-month period from
October to October. Taken together, these tax in-
creases mean that the energy tax on electricity is
rising ro SEK 0.097 or SEK 0.043/kWh. The lower
rate will be charged in Norrland, while the rest of
the country will pay the higher rate.
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STRENGTHENED INTERCONNECTION BETWEEN
NORDEL AND CONTINENTAL EUROPE

BACKGROUND

Nordel has been electrically linked with the world
around it since the establishment of KontiSkan 1
in the middle of the 1960s. The electrical intercon-
nections between the synchronous Nordel system
have been strengthened and expanded in step with
an increasing electrical load and general expansion
of the power transmission systems. Today, the total
transmission capacity is about 3,700 MW distribut-
ed over 8 HVDC interconnections. The 8 inter-
connections are: KontiSkan 1 and 2, Skagerrak 1, 2
and 3, Viborg, Baltic Cable and Kontek. In addi-

tion, there are internal HVDC interconnections in
the synchronous Nordel - for example, the Fen-
noskan and Gotland interconnections.

Further intercannections with a total capacity
of more than 6,000 MW have already been decided
or are under consideration. Already decided or
planned interconnections include: a link between
Norway and the Netherlands (NorNed Cable), two
links between Norway and Germany (Viking Cable
and Euro Cable), and an interconnection between
Sweden and Poland. Interconnections under dis-
cussion include Storebalt (the Great Belt), Nor-

Figure |I. HVDC interconnections in the Nordel system




way - Belgium, Iceland - Scotland, leeland - Conti-
nental Europe and Finland - Estonia.

The total transmission capacity of HYDC in-
terconnections from the Nordel system may thus
amount to almost 10% of the installed capacity
within 10 years. A transmission capacity of this
magnitude is not large compared with the transmis-
sion capacity between areas within Nordel. The in-
crease in transmission capacity can therefore be
seen as a natural consequence of the blurring of
frontiers and national territories and their replace-
ment by regional or global considerations. With a
stagnating electricity load and a consequently lim-
ited expansion of production capacity, the
strengthened interconnection can also be seen as a
natural internationalisation of the power utilities
in a stagnating market.

Regardless of the cause of the development, the
strengthened interconnection offers new opportu-
nities for trade in electricity and requires technical
cooperation with new business partners. The inter-
connections also bring hitherto unknown technical
challenges with consequences for both the plan-
ning and operation of the Nordel system. These in-
clude coordination of the HVDC interconnections’
technical characteristics and coordination with
neighbouring regions, e.g. UCPTE, among others.

THE DRIVING FORCES BEHIND INCREASED
INTERCONNECTION BETWEEN NORDEL
AND CONTINENTAL EUROPE

The rapid expansion of HVDC interconnections
berween Nordel and Continental Europe will help
to optimise economic utilisation of hydro-power-
dominated production in Nordel and the thermal-
power-dominated production in Continental Eu-
rope. Figure 2 shows the percentage distribution of
the different forms of electricity generation in the
Nordel and UCPTE systems.

Another vital factor is the growing focus on
eco-friendly electricity production and optimum
utilisation of the hydro-power system, with conse-
quent requirements concerning reduction of emis-
sions. In some cases a more competitive electriciry
market has led to power interchange agreements
and cable interconnections with a view to making
use of the differences between the production sys-
tems in different regions. This may also help to im-
prove the utilisation and profitability of the pro-
duction apparatus. Other contributing factors are
differences in the production price for electricity,
natural variations in precipitation and the Nordic
countries’ need for dry-year safeguards.

Load stagnation and increased internationalisa-

tion of the sector are also driving the development
forward. Similar conditions apply in other sectors
experiencing stagnation in the primary market.
The technical feasibility of closer interconnec-
tion has improved considerably since the mid-
1960s. For technical reasons, interconnections be-
tween the Nordel system and the neighbouring sys-
tems can only be established as HVDC intercon-
nections and will in many cases involve long sub-
marine cables. The technological development
within HVDC converter stations and cables is go-
ing to make it possible in just a few years to estab-
lish submarine cable links with capacities of up to
800-1,000 MW. The technology development has
also led to a reduction in the specific price for
transmission capacity for HVDC interconnections.
The new HVDC interconnections between
Nordel and Continental Europe can be used for
several different forms of power and energy inter-

changes:

Energy exports

Energy interchange between Nordel and the out-
side world is based on the fact that hydro produc-
tion in Nordel is cheaper than conventional ther-
mal production in Continental Europe. Generally
speaking, few agreements of this kind are being en-
tered into at present because surplus electricity in
Nordel in years with normal precipitation is falling.
Export of electricity will therefore primarily rake
place in wet years and in spring flood situations.
An exception to this are the outlined interconnec-
tions from Iceland.

Peak-load power/pumped-storage power
Pumped-storage power agreement, under which hy-
dro power produced in Nordel replaces thermal
production in Continental Europe in high-load pe-
riods and the transmitred energy is returned to Nor-
del during low-load periods. The return supply is
produced at thermal base-load and medium-load
units in Continental Europe.

Dry-year safeguards

A hydro-power-dominated system is often vulnera-
ble to dry years. A possible form of interchange via
the interconnections will therefore be electricity
exports from Continental Europe to Nordel in dry
years.

Occasional power

Electricity may also be interchanged because of dif-
ferences in marginal production prices and/or inter-
change prices between the two linked regions.
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Figure 2. Electricity generation in |995, breakdown by form of generation
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Other services

The HVDC interconnections can also be used for
interchange of other services - for example, regulat-
ing power and reserves.

Agreements on interchange will often cover a com-
hination of two or more of the above-mentioned el-
ements.

DIRECT CURRENT (HVDC) OR ALTERNAT-
ING CURRENT (HVAC)
The closer interconnection between the Nordel
systems and Continental Europe is exclusively in
the form of HVDC interconnections. There are
both technical and financial reasons for this.
There is an upper limit on the length of an
HVAC-cable. An AC-cable or overhead line re-
ceives a constant charging current from the AC-
system, irrespective of the load. The size of the

charging current is proportional to the length of
the line. This puts a certain upper technical limit
on the length. For overhead lines, this is normally
not a problem, partly because it is possible to com-
pensate for the charging current on the way and
partly because the charging current in overhead
lines is relatively small. In the case of cables, on the
other hand, the charging current is large, and the
maximum distance therefore small. This problem
does nor arise in the case of HVDC interconnec-
tions, regardless of whether an overhead line or a
cable is used. Therefore, there is actually no upper
technical limit on the length of an HVDC inter-
connection.

For long interconnections, HVDC is cheaper
than HVAC. An HVDC interconnection requires
two conductors in order to transmit power. Of
these, one can be earth/water. An HVAC intercon-

nection, on the other hand, requires three conduc-



tors to transmit power, However, the terminal
equipment for HVDC interconnections is consider-
ably more costly than for HVAC interconnections.
Consequently, HVDC is cheaper than HVAC in
the case of hig distances. The break-even distance -
at which HVAC and HVDC cost the same - de-
pends on the voltage level, the use of cable or over-
head line and the need for transmitted power.

Technically, interconnection of two non-syn-
chronous systems can be effected with both AC
and DC. However, AC requires far greater trans-
mission capacities than the expected interchange.
This is because AC forces the systems to be syn-
chronous and means that it must be possible to in-
terchange large quantities of electricity in order to
keep the systems synchronous during or immediare-
ly after a grid fault. In addirion, different operating
philosophies concerning, for example, frequency
regulation make it difficult to link two large sys-
tems with HVAC interconnections. Lastly, an
HVAC interconnection, unlike an HVDC inter-
connection, increases the fault currenit level, which
can cause problems in some situations.

Because of the precise and rapid contral of
HVDC interconnections, it is possible to control
precisely the power that is interchanged. It is also
possible, through suitable choice of additional regu-
lation on HVDC interconnections to interchange
fully controlled supplementary services, such as os-
cillation damping, regulating power, frequency regu-

lation reserve and instantaneous disturbance reserve.
Similar control cannot be achieved directly for
HVAC interconnections without special, costly
components.

A summary of the principal characteristics of
HVDC and HVAC interconnections are given in
figure 3.

TECHNICAL POSSIBILITIES WITH HVDC
HVDC interconnections are normally established
for interchange of power and energy. Thanks to fast
and extremely flexible control systems, HVDC in-
terconnections can also help to strengthen the AC
grids in the connected AC systems. Establishment
of additional regulation in connection with HVDC
interconnections is often cheap, seen in relation to
the total cost. Widely used additional regulation
includes:

Interchange of regulating power and instantaneous
disturbance reserve

The cost of establishing these services varies, de-
pending on the production plant and the strength
of the grid. Technically, there is nothing te prevent
interchange of such services via HVDC intercon-
nections. With HVDC interconnections, the char-
acteristics and quantity of the services can he ad-
justed to some extent to the needs of the recipient,
the capacities of the dispatcher and the agreements
between the parties.

Figure 3. Characteristics of HVAC and HVDC interconnections

Availability factor
Inspection time

Control of interchange
Transmission capacity
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Emergency power vegulation

Frequency- or voltage-controlled emergency power
intervention can be used to mitigate the conse-
quences of grid faults or production outages. This
type of intervention can also take place as (part of)
a grid protection system, the purpose of which is to
increase transmission capacity or operating reliabil-
ity in the existing AC grid by relieving critical
parts of the grid.

Damping of oscillations

The Nordel system normally has sufficient damping
to ensure that faults in the grid do not cause un-
damped or poorly damped oscillations. However, in
some parts of the system improved damping would
be advantageous and could help to increase the sys-
tem’s transmission capacity. HVDC interconnec-
tions can be equipped with damper regulation so
that they help to damp oscillations in the system.
This would allow heavier loading of the grid and/or
afford greater reliability. However, this use of
HVDC interconnections creates a risk of oscilla-
tions spreading from one region to another.

Reactive power regulation

Especially in the case of partial loads, an HVDC in-
terconnection can afford some degree of voltage
control. This would not normally be financially at-
tractive as a general operating condition, but can
be extremely effective, both technically and finan-
cially, in abnormal operating situations. Thus, after
a grid fault or ourage of generating plant, an
HVDC interconnection could participate in the re-
active power regulation.

TECHNICAL PROBLEMS WITH HVYDC

- NEED FOR COORDINATION

Use of HVDC interconnections has been described
in many contexts, and the particular technical
problems relating to them have been discussed.
However, there are a number of factors that are of
special relevance to the Nordel system and the
closer interconnection with the Continent.

When two or more HVDC interconnections
are established at a short distance from each other
there is a risk of a fault in the AC system resulting
in simultaneous, short-term stopping of power
transmission on all the HVDC interconnections.
There is also a risk of electrically closely connected
HVDC interconnections affecting each other after
a grid fault, resulting in uncertain and slow restart.
As a consequence, in connection with a big expan-
sion of HVDC interconnections, these factors may
mean that traditionally relatively harmless AC grid

faults end up becoming the dimensioning faults for
the Nordel system. To avoid this it is necessary to
analyse the expansion with HVDC interconnec-
tions in a total Nordel perspective, independent of
agreements and ownership.

The aforementioned must also be seen in rela-
tion to the fact that the longer the cables used in
an HVDC interconnection, the longer it will take
to re-establish power transmission after an AC grid
fault. Normally harmless and relatively frequent
grid faults could stop transmission on the HVDC
interconnections for 1 second or more, which could
cause regulating problems at the power stations.
Operating experience has also shown that having
many HVDC interconnections increases the risk of
cascade-like events with commutation failure, caus-
ing faults to spread within regions separated by
HVDC interconnections.

Uncoordinated use of emergency power inter-
vention on the HVDC interconnections - for ex-
ample, in the form of instantaneous reserve or fre-
quency regulating reserve - also leads to arisk of a
fault in one region spreading to another. A fault in
Continental Europe that causes a fall in frequency
and consequent emergency power intervention
could result in a major frequency disturbance in the
Nordel system if the intervention is not coordinat-
ed. It is also important for the settings of the
HVDC interconnections to be coordinated so that
they do not counteract each other.

HVDC interconnections are extremely reliable
grid components, but because of their greater com-
plexity, they have a slightly higher probability of
faults and a greater need for inspection than a nor-
mal AC interconnection. An HVDC interconnec-
tion typically requires one week’s inspection a year
and will typically have a shorter (or longer) forced
outage five to ten times a year due to a fault or
event in the installations. Consequently, the avail-
ability factor for an HVDC interconnection is typi-
cally lower than for an AC-line. This factor must
be taken into account in bath the planning and the
operation of the system.

An HVDC overhead line takes up less space
than an HVAC:-line with the same transmission ca-
pacity, but even so, several technical factors con-
cerning HVDC interconnéections have aroused the
attention of environmental and nature preserva-
tion organisations and similar. The factors con-
cerned include compass misreading around subma-
rine HVDC-cables, environmental impacts from
marine electrodes and potential fields from elec-
trode stations with consequences for metallic gas
pipes and other installations.



ADMINISTRATION

The restructuring of the organisation at the power
utilities (including division into production, trans-
mission and distriburion), the establishment of ex-
changes, and the development from cooperation to
increased competition, mean that clear agreements
are needed to settle the question of administration.
The HVDC interconnections’ control options
open the way for direct and controlled interchange
between regions.

Power flow restrictions in the transmission grid
can consist of hoth AC and DC components. It is
therefore necessary to define the transmission ca-
pacity in a sufficiently uniform way for them to be
added sensibly, thereby enabling optimum utilisa-
tion of the transmission grid.

Big, simultaneous power changes in the HVDC
interconnections can cause major frequency devia-
tions in the system. As mentioned earlier, this can
occur, for example, in the case of emergency power
intervention. Coordination of the control system
sertings between the HVDC interconnections is
necessary in order to maintain good quality fre-
quency.

In a period with major structural changes with-
in the sector, different models have been chosen for
incorporating the new interconnections, both or-
ganisationally and contractually, and with respect
to the way in which they are financed and used.

As will be seen from the foregoing, there are
considerable technical challenges that can only be
met through cooperation between the parties. This
applies both in the planning phase and the later
operating phase. In some cases, special technical
designs are needed, while in others it will suffice to
coordinate the settings of the HVDC interconnec-
tions. In the former case it is best for the situation
to be clarified before contracts are signed with the
suppliers - and in both cases, all questions must be
settled before the installations go into operation.

In the planning phase cooperation can take
place in connection with the entry into agreement
on the design and use of the individual intercon-
nections, and through joint reports and joint tech-
nical recommendations. The choice of form of co-
operation depends on several factors:

B The ownership situation and commercial use of

HVDC interconnections (which are complicat-

ed and commercially confidential)

Highly specialised technical details
Interaction between grid and power stations in
both synchronous systems

B The system characteristics (secondary services)
(which depend on the grid and generating
plant that are in operation)

B Linkage of the planning phase and the later op-
erating phase - this calls for simple operational
cooperation models

M In the operating phase, the coordination takes

place within the framework of the operation

agreements.

For system safety it is of vital importance to main-
tain full control of the HVDC interconnections’
fast power regulation and full control of their oper-
ational “behaviour” during grid faults.

An overall evaluation of these factors indicates
that this can best be done through technical coor-
dination and cooperation between the two syn-
chronous systems independently of the ownership
and use of the commercially competing HVDC in-
rerconnections.

This can, for example, be described in joint
rechnical recommendations, which should be as
simple and operational as possible so that they can
be adjusted easily when new HVDC interconnec-
tions go into operation. Operation of an HVDC in-
terconnection between two systems with different
operating practices and different languages makes
hig demands concerning these recommendations,
since they are required to ensure stable operation
and must not make effective use of the intercon-
nections difficult.

Supplementary to this, internal agreements
must be entered into within the two synchronous
systems on how the system characteristics are to be
maintained, including the internal distribution of
obligations. The latter is already a prime task for
hoth Nordel and UCPTE, irrespective of how the
HVDC interconnections are regulated. Within
market-oriented systems, responsibility for the sys-
tem characteristics (system responsibility) is regu-
lated by the national authorities.

The article has been prepared by Saren Stevring-Hallsson in collaboration with Nordel's Operations

Committee, The Grid Group and the NOKSY Group
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DEFINITIONS

Installed capacity (net capacity): Is given in MW/
and constitutes the arithmetric sum of the rared ca-
pacity of the unit installed, but excluding own con-
sumption.

Transmission capacity: Is the rated capacity in
MW of a line with due regard taken to the limits
imposed by the transformers connected to it.

Electricity generation (net generation): ls usually
given in GWh and represents the output ex works,
i.e. excluding own production at power station.

Condense: Is defined as the ourput from a turbo-
generator set operated by steam that is expanded in
a cooling water condenser to enable the steam to
be utilised exclusively for electric power genera-
tion.

Combined heat and power (CHP): Is the genera-
tion of electric energy by a generator set driven by
steam which, when discharged from the turbine, is
applied for a purpose irrelevant to power genera-
tion such as district heating (CHP District heating)
or process steam for industry (CHP Industry). Pre-
viously designated back-pressure generation.

Imports/Exports: Is given in GWh and represents
the settled values which (inclusive of compensa-
tion of loss) are registered as purchases and sales of
electricity between the individual countries. Net
imports: Is the difference between imports and ex-

ports,

Motes:

The Nurwegian share of Linnvasselv i considered us éxports from Sweden to Norway.
The Germar shire of Enstedvasrket (s considered as exparrs from Denmark o Germany:

Total consumption: s given in GWh and is the
sum of electricity generation and net imports.

Occasional power to electric boilers: Is given in
GWh and is the supply of electricity to electric
boilers on special conditions for the generation of
steam or hot water, which is alternatively generated
by firing with oil or other fuels.

Gross consumption (electricity available): 1s usu-
ally given in GWh and is the calculated electricity
consumption: the sum of domestic electricity gene-
ration and imports deducting exports and occasion-
al power to electric boilers.

Losses: Are usually given in GWh and is the calcu-
lated expression of the difference between gross
consumption and net consumption.

Pumped storage power: ls given in GWh and is
the electrical energy consumed by the pumps in
raising the water into the upper reservoir.

Net consumption: Is usually given in GWh and is
the sum of power consumed by the consumers.

UNITS AND SYMBOLS
kW kilowatt

MW  megawatt = 1,000 kW
] joule

k] kilojoule

Pl petajoule=10%]

kWh kilowate-hour = 3,600 k]
MWh megawatt-hour = 1,000 kWh
GWh gigawatt-hour = 1,000,000 kWh
TWh terawatt-hour = 1,000 GWh
~ Alternating current (AC)
Direct current (DC)

. Data are nonexistent

; Data are too uncertain

0 Less than 0.5 of the given unit
— No value

I

EXAMPLE OF CALCULATION:

Electricity generation

+ Imports

- Exports

Total consumption

- Occasional power to electric boilers

Gross consumption (electricity available)
- Losses, pumped storage power etc.

Net consumption

Responsible for statistics processing:

Anne-Marie Volt - SK Power Company, Denmark
Responsible for the individual countries’ statistical information:
Lisbeth Petersson - The Association of Danish Electric Utilities, Denmark
Terho Savolainen - The Association of Finnish Electric Urilities, Finland
Olafur Palsson - The leeland Energy Agency, lceland

Arne Hijelle - Statnert Market, Norway _
Gunilla Kierkegaard and Yngve Wending - Vattenfall AR, Sweden

The present statistics were prepared before the 1995 official statistics for
the individual countries have become available. Cerrain figures in the
Annual Report may thus differ from the official statistics.
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S1 Installed capacity 31.12.1995, MW

S2 Average-year generation of hydro power 1995, GWh
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S3 Changes in installed capacity 1995




S4 Decided power plants (larger than 10 MW)
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S5 System load on 3rd Wednesday in January and 3rd Wednesday in July 1995

Average 24-hour load 3rd Wednesday Average 24-hour load 3rd Wednesday
in January (18-01-95) in July 1995 (19-07-95)
MW MW
24000 24000
22000 22000
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12000 12000
10000 10000 e
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Sé Existing interconnections between the Nordel countries

S7 Existing interconnections between the Nordel countries and other countries

1




S8 Decided interconnections

S9 Transmission lines | 10 - 400 kV in service 31.12.1995
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S 10 Total electricity generation within Nordel 1995

Other renewable power 0.42%

\

Other thermal power 19.91% -

— Hydro power 56.54%

Nuclear power 23.13% -~

S| | Electricity generation 1995, GWh
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S12 Monthly electricity generation

Iceland

and gross consumption |994 -1995, GWh

=== Gross consumption
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S 13 Water reservoirs 1995 B Water reservoirs 1995 shown in %

M Water reservoirs 1994 shown in %
Norway: Average 1982-199(

Finland ® Minimum- and maximum in %
% 100 —_— S —= — .

90
80
70
60
50
40

30
20 R — — = = 15 Reservair capacity

1.1.1995: 4 900 GWh

10 = — — 31.12.1995: 4 900 GWh

which have been recorded 1985-1994

% 100
90
80
70
60
50
40
30
20

Reservoir capacity
1.1.1995: 77 073 GWh
10 31.12.1995: 77 888 GWh

which have been recorded 1982-1991

Sweden
i / /_/\_/\-/‘\
o s /;
™ /"
0 NN\ /
o N/ i

\ NS

:: / Reservoir capacity

\ 1.1.1995: 33 550 GWh
10

=t 31.12.1995: 33 550 GWh

Minimum and maximum values from data
which have been recorded |980-1994
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S 14 Exchange of electricity 1995, GWh

‘W Ly ;’ Of which 1103 GWh to Germany
! Of which 101 GWh to Norway
3) Of which 47 GWh from Norway
) Of which 18 GWh to Germany

SI5 Imports/Exports 1995, GWh
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S16 Exchange of electricity 1963 - 1995, GWh

To To To To
Sweden + - Finland Denmark + - Sweden

To To To To
Norway + -+ Sweden Norway « - Denmark

1963

1970
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S17 Monthly exchange of electricity between the Nordel countries 1995, GWh
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S 18 Net consumption distributed on consumer categories in 1995 W Residential

W Industry (Energy sector included)
M Tertiary (Transport sector included)
B Others (Agriculture included)

Denmark Finland Iceland
W30% m31% WM29% ME10% W25% W57% MI6% W2% W I13% Wed% W I5% WMB%
Norway Sweden Nordel

W35% M43% W20% W2% W2B% W44% W25% W3% H30% MW45% M22% M3%

S 19 Electricity consumption 1995, GWh

Total consumption 1995
Occasional power to electric boilers
Gross consumption 1995

Net consumption

Of which:

Residential

Tertiary (Transport sector included)
Others (Agriculture included)

Gross consumption 1994

Change in gross consumption
as against 1994
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$23 Total consumption 1995, GWh

Generation 1995
Net imports 1995

Total consumption 1995
Generation 1994

Net imports 1994

Total consumption 1994

S24 Distribution of total consumption on energy sources 995, TWh

TWh 140 . :
B Geothermal power
B Wind power
~  Biomass
120 Natural gas
® Oil
® Coal
¥ Nuclear power
100 ® Hydro power (Avg.-year)
B Net imports
(Positive value)
Net exports
80 {Negative value)
60
40

i 5
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S$25 Gross consumption in 1995 and prognoses for 2000 and 2005, TWh

$26 Peak load demand in 1995 and prognoses for 2000 and 2005, MW
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CURRENT NORDEL RECOMMENDATIONS

M Availability concepts for thermal power
September 1977

¥ Automatic operational measures and applicable rules relating to operating reserves
Seprember 1982

W Reserve power in the Nordel system (supplement to above report)
May 1988

¥ Coordinated frequency-controlled grid protection in the synchronous Nordel area
August 1983

W Requirements for time response for the instantaneous disturbance reserve
August 1992

M Localisation of system oscillations equipment
August 1992

W Network dimensioning criteria
August 1992

® Common disturbance reserve
August 1992

W Operational Performance Specifications for Thermal Power Units larger than 100 MW
August 1995

¥ Operational Performance Specifications for small Thermal Power Units
August 1995

¥ Standardised communication procedure
August 1995
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MEMBERS OF NORDEL

I Denmark
Niels Bergh-Hansen * Administrerende direktor, Spnderjyllands Hejspendingsveerk
Bendt Jgrgensen ® Direktgr, Kghenhavns Belysningsvasen )
John Hebo Nielsen ® Kommerciel direktgr, ifs Sjaellandske Krafrvaerker
(Chairman of Nordel until 31.10.95)
Preben Schou ® Administrerende direktor, ifs Sjaellandske Kraftvaerker
Georg Styrbro * Administrerende direktgr, ELSAM

Finland

Kalevi Numminen ® Koncernchef, bergsrid, Imatran Voima Oy
Kalervo Nurmimaki * Vice VD), Imatran Voima Oy,
(Vice-chairman of Nordel and acting chairman as of 1.11.95)
Seppo Ruchonen *® Verkstillande direktor, Teollisuuden Voimansiirto Oy
Harry Viheridvaara ¢ Verkstillande direktor, Sahkovaltuuskunta

T

lceland

Jakob Bjornsson * Generaldirektor, Statens Energistyrelse
Adalsteinn Gudjohnsen ® Administrerende direktor, Reykjavik Elverk
Halldér Jonatansson * Administrerende direktor, Landsvirkjun
Kristjan Jénsson * Administrerende direktér, Statens Elverker

L]
i

Norway

Odd H. Hoelsater * Administrerende direktgr, Statnett SF

Jens Musum ¢ Administrerende direktpr, Nord-Trgndelag Elekrrisitetsverk

Atle Neteland * Administrerende direktgr, Bergenhalvigens Kommunale Kraftselskap
Lars Uno Thulin ® Administrerende direkigr, Statkraft SF

i
ElE

Sweden

Goran Ahlstrom ® Verkstillande direktor, Sydkraft AB

Kjell Jansson ® Generaldirektor, Svenska Kraftniit

Carl-Erik Nyquist ® Verkstillande dircktor, Vattenfall AB

Olof Gustaf Wikstrém ® Verkstillande direkror, Gullspings Kraft

T

ORGANISATION

Secretariat Board Sperations
v Committee

Liaison Group
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Executive Board

Preben Schou ® Administrerende direkter, ifs Sjellandske Kraftvaerker, Denmark
Kalervo Nurmimiki ® Vice VD, Imatran Voima Oy, Finland (Chairman)

Jakob Bjornsson * Generaldirektor, Statens Energistyrelse, lceland

Odd H. Hoelszter * Administrerende direkter, Statnett SE, Norway

Carl-Erik Nyquist * Verkstillande direktor, Vatrenfall AB, Sweden

Oluf Skak * Afdelingschef, ifs Sjzllandske Kraftvaerker, Denmark (Secretary)

Operations Committee

Hans-Henrik Clod-Svensson ® Driftschef, ELKRAFT A.m.b.A., Denmark
A. Ring-Nielsen * Overingenigr, ELSAM, Denmark

Matti Kaisjoki ® Driftdirektir, Linsi-Suomen Yhteiskaytto Oy, Finland
Kurt Lindstréom ® Avdelningsdirekeor, Imatran Voima Oy, Finland
Orlygur Jénasson * Regionalchef, Statens Elverker, lceland (Observer)
Ole Gjerde * Avdelningschef, Statnett SE Norway

Jon Ingvaldsen * Direktgr, Statkraft SE Norway (Chairman)

Karl-Axel Karlsson * Gruppechef, Svenska Kraftniit, Sweden

Lars Wiklund * Civilingenjér, Vattenfall AB, Sweden (Secretary)

Gunnar Alfors ® Produktionsdirektsr, Vattenfall AB, Sweden

System Committee

Lars Lorensen ® Underdirektpr, NESA A/S, Denmark

Uffe Steiner Jensen * Afdelingsingenipr, ELSAM, Denmark

Heilki Haavisto * Avdelningsdirektr, Imatran Voima Oy, Finland (Chairman)
Aappo Kontu * Verkstillande direktor, TVS Teknikka Oy, Finland

Anders Wickstrém ¢ Diplomingenjor, Imatran Voima Oy, Finland (Secretary)
Edvard G. Gudnason * Overingenigr, Landsvirkjun, Iceland

Ivar Glende ® Kraftsystemdirekter, Statnett SE Norway

Terje Lysfjord ® Dircktgr, Statkraft SE Norway

Hans Elg * Overingenjor, Sydkraft AB, Sweden

Per-Olof Lindstrém e Civilingenjor, Svenska Kraftniit, Sweden

Liaison Group

Oluf Skak * Afdelingschef, i/s Sjallandske Kraftvaerker, Denmark (Secretary General of Nordel)
Anders Wickstrém, ® Diplomingenjor, [matran Voima Oy, Finland

Svein Storstein Pedersen ® Sjefsingenigr, Statnett SE Norway

Bo Wahrgren * Vattenfall AB, Sweden

Nordel’s secretariat

Until 31.8.96 From 1.9.9é

SK Power Company, Denmark Postal address: Address:
Strandvejen 102 Imatran Voima Oy Imatran Voima Oy
2900 Hellerup 00019 IVO Annegatan 34-36
Denmark Finland Helsingfors
Telephone +45 39 47 39 47 Telephone +358 085611

Fax +45 39 4735 33 Fax +358 06851026

Oluf Skak * Afdelingschef, i/s Sjzllandske Kraftvierker, Denmark (Secretary General of Nordel)
Dorte Agerbeck * Sckretzr, i/s Sjzllandske Kraftvaerker, Denmark
Anne-Marie Volt ¢ Konsulent, i/s Sjzllandske Kraftvaerker, Denmark
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