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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, lceland, Norway and
Sweden. The association’s by-laws and tasks were
revised in 1993,

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

Nordel’s rasks include among other things:

B technical coordination of the Nordic genera-
ring and transmission systems

B formulation of rechnical framework conditions

for the Nordic electricity cooperation

international cooperation

contact with other players, organisations and

authorities in the electricity sector

Population Millinh

Electricity consumption

(excl. electric boilers) TWh 3479
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Electricity generation TWh 356.1
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Nordel's chairman is elected for a three-year term.
The chairmanship rotates between the member
countries. The chairman appoints Nordel's secreta-
ry and is responsible for the secretariat.

Nordel has an Executive Board composed of
one person from each of the Nordie countries. 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-
rion activities.

Much of Nordel’s work is carried out by com-
mittees and working groups, whose members inclu-
de specialists on both the generating and the trans-
mission side
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Nordel’s activities

Many European countries are in the process of mak-
ing extensive structural changes in their electricity
sectors. The Nordic countries are no exception, and
Norway, Sweden and Finland have either estab-
lished or are planning to establish national, market-
based electricity markets. The interplay among these
new national electricity markets will make substan-
tial elaims on Nordie electric power collaboration.

In 1994, Nordel's activities were influenced to a
pgreat extent by the continued adapration of the
work of the organisation to new, more competitive
conditions, as well as by the reinforced cooperation
with other European organisations in the power
supply sector.

Nordel's Annual Meeting was held on 25 Au-
gust 1994 in Helsinki. In addition to the presenta-
tion of the annual report for 1993, reports were
made on the current power situation in the Nordic
countries, the power situation for the next three
years, and international contacts with UCPTE and
CIS Electrical Power Council, among others. The
Annual Meeting also approved a report containing
recommendations about the furure exchange of in-
formation within Nordel cooperation. The Director

Cooperation between UCPTE and Nordel was strength-
ened in 1994. Shown below: The Chairmen for the two
organisations, Walter Fremuth (right) and John Hebo
Nielsen (left)
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General of Eesti Energia took part in the meering
as the representative of the electric power coopera-
tion of the Balric countries, thus confirming Nordel's
interest in maintaining and strengthening collabo-
ration with these countries.

At an extraordinary Nordel meeting held on 30
November 1994, it was decided to initiate a clarifi-
cation of the preconditions for establishing a Nor-
dic electricity pool comprising all four of the coor-
dinating countries: Denmark, Finland, Norway and
Sweden.

Development in Europe is influenced by increas-
ing internationalisation, and to a far greater extent
than previously, the Nordic countries will have to
see their role defined within the framework set by
the EU. EURELECTRIC, the cooperative body for
the European power utilities, plays a key role in the
debate on building up the EU in the energy area.
Now that rhe Finns and the Swedes have voted
“yes” to membership in the EU, the Finnish and
Swedish electricity companies will be accepted as
full members of EURELECTRIC. This turn of
events provides the potential for a valuable Nordic
dimension ro be added to EURELECTRIC coope-
ration.

Increased internationalisation has also brought
ahout the need for reinforced cooperation between
cooperating European organisations in the power
supply sector. Cooperation between Nordel, UCPTE
and UNIPEDE was intensified in 1994, and is ex-
pected to be strengthened further in future. The
closer cooperation berween Nordel and UCPTE
has already proved useful in several areas, such as in
connection with deliberations about future electri-
city cooperation with Eastern Europe. Also in
1994, Nordel entered into an agreement with CIS
Electrical Power Council on cooperation and ex-
changing experience, for instance on the operation
of large interconnected electricity systems.

The decision to clarify the preconditions for
establishing a Nordic electricity pool represents an
important step towards the realisation of an open
and flexible Nordic electricity market. In terms of
supply, a Nordic market would comprise a wide
spectrum of accessible energy sources: hydro power,
nuclear power, coal, natural gas, oil, biofuels and
wind power. Such an electricity pool, operating
across national boundaries and comprising actors
other than power generators, would be an innova-
tion in international power supply, as well as a na-
tural further development of the effective, un-
bureaucratic Nordic electricity collaboration that
has now been in effect for more than 30 years.
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Activities of the

System Committee in 1994
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The System Committee is responsible for more long-

term issues related ro technical systems. Its work
includes analyses of the rechnical collaboration
between generators and grid operators, follow-up
on generating and grid expansion in the intercon-
nected Nordic system as well as studies of capacity
requirements for transmission between the Nordel
systems and between Nordel and other countries.

The major part of these rasks are handled by
the two working groups appointed under the Sy-
stem Committee.

The Generating Group has analysed the power
balance in the Nordel system. The basic scenario,
depicting the situation in the year 2000, shows a
reasonably strong energy balance in the Nordel sy-
stem and a strong power balance in all sub-regions.
The calculations include extensions already adop-
ted and are also based on the assumprion of optimal
utilisation of the jointly operated links. Energy tax-
es have not been taken into account.

The basic scenario is designed to constitute
the basis on which conrinued scenario studies will
be carried out, including assessments of how energy
raxation in the constituent counrries will impact
future conditions.

The Grid Group has studied new options as
well as problems thar may arise as a consequence of
the substantial expansion of DC links within Nor-
del and berween Nordel and other countries. The
findings of the analyses show that these HVDC

Full-scale line span
erected at the
Swedish Transmis-
sion Research Insti-
tute (STRI) at Lud-
vika. Test results
show that it is possi-
ble to develop new
methods for separa-
ting and suspending
wires in power lines
that will make the
magnetic field ap-
prox. 90% weaker

links can enlarge the transmission capacity of the
AC grid and improve the damping of the grid. If
they are not coordinated, however, HVDC links
may have the adverse effect that one counteracts
the other, and faults in UCPTE can affect dimensi-
oning in Nordel.

The grid group has also carried out analyses of
hortlenecks in the transmission grid around the
year 2000.

An ad-hoe group has revised the operarional
performance specifications for thermal power units.
The report was discussed on a preliminary basis du-
ring the summer, and will be presented at the next
annual meeting.

The Systerm Comimittee reviewed the recommen-
dations from the previous Planning Committee,
and proposed that the recommended rules for grid
dimensioning, common disturbance reserves and
operational performance specifications for thermal
power units should remain unchanged. The propo-
sul was adopted by the Annual Meeting of Nordel.

An important part of the activities of the Com-
mitree was, and is continuously, concerned with ef-
forts to eliminate restrictions on the most effective
utilisation of the Nordic electricity generating and
transmission system, for which purpose the Com-
mittee has developed an overall picture based on
the outcome of various scenarios for the generating
and transmission capacity in the Nordic countries
and neighbouring regions.



Activities of the

Operations Committee in 1994

ORIENTATION OF ACTIVITIES

The Operations Committee is responsible for tech-

nical system matters with a short time horizon, and

for the rechnical framework for Nordic electric
power interchanges and day-to-day operation.

The work of the Committee will have the follow-
ing primary orientation.

B The Committee will establish the basis for the
best collective utilisation of the complete Nor-
dic electricity system.

B Particular attention will be devoted to the con-
ditions for electricity exchange and improved
framework conditions and administrative rules
for the market contacts between the players in-
volved.

B Open exchange of information within Nordel
will be encouraged in order to ensure a high de-
gree of operating stability and create moriva-
tion for increased power exchange.

B the Committee will be a forum for debate on
operating collaboration in the Nordic electrici-
ty system.

B Environmental issues will have high priority
and be handled as an integral part of activities.

Two permanent working groups have been appoint-

ed under the Operations Committee:

B The working group for system operation (NOK-
SY) will carry out analyses, prepare regulations
and recommendations and coordinate technical
issues related to power systems operation.

The working group has prepared a program-
me for its activities, which has heen sanctioned
by the Committee.

B The working group for information technology
in power systems operation (NORCON) will
promote effective utilisation of information
technology in operational management of power
Syﬁrﬂms.

In its activities, the Committee is bound to respect
the energy policies and electricity market structures
of the respective countries. The Commitree, therefo-
re, keeps a close watch of developments in the elec-
tricity markets of the Nordic countries and the EUL
The Operations Committee has been responsi-

ble for the work of a sub-group with participants
from the Operations Committee and the System
Committee, which had been asked by the Executi-
ve Board to prepare an analysis of the scope for de-
velopment of the Nordel collabaration in view of
the new market situation, in order to

® guarantee that generators maintain a continu-

ed high level of supply security,

e facilitate efficient exchange of electricity be-
tween suppliers in the Nordic countries.
The group presented its final report at the end of

1994,

POWER COLLABORATION

The Operations Committee has handled current
issues concerned with rechnical performance coor-
dination, operational safety, conditions for power
exchange as well as the power generating situation
in the Nordic countries.

The power situation was affected by the ex-
treme dryness of 1994, a radical change from 1993,
which was a very wet year. In 1993, the water in-
flow to the Swedish hydro power system was 137 %,
whereas in 1994 it was 90 % of the normal rate.
The largest inflow deficit to the Nordic system was
recorded in the late summer and autumn months.

The water levels in reservoirs at the end of the
year were 10 and 20 %-units lower than normal in
Norway and Sweden, respectively.

Nuclear power was utilised to the maximum ex-
tent apart from a 4 TWh output shortfall caused by
extraordinary shutdowns in Sweden.

The use of fossil-fuel power was higher than
normal during the dry-weather periods.

In 1994, the market for fossil fuels was strained
because of restricted supplies in the coal market
and rising prices.

The power situation in the Nordel system in
late 1994 was the least favourable for several years.

During the year, permanent power was exported
from Norway to Denmark and Sweden, and from
Sweden to Finland and Germany via Jutland. The
traditional import of occasional power by Denmark
and Finland was heavily reduced because of the dry-
year conditions in Norway and Sweden, Instead,
Denmark exported power to these countries.

The power and energy balances compiled by
the Operations Committee for the years 1995-97
are favourable, apart from the Norwegian energy
balance which shows a deficit in dry as well as nor-
mal years.

An ad hoc group has proposed a structure for
exchange of information between the parties to the
Nordic power cooperation, taking account of the
new market situation. The proposal was first con-
sidered by the Committee, and after its adoption by
the Nordel Annual Meeting, the Commitree is
now working to adapt the collaboration to the
structure proposed.

The Commirttee has co-organised a seminar



Power line through beautiful Norwegian scenery. Flisarvaten, Lesja in Oppland

berween Nordel and the CIS Electrical Power
Council (of the former Soviet states) with a view
to breaking a path for future collaboration.

A joint meeting of UCPTE and the Operations
Commirtree will be held in the spring of 1995 to
consider developments in the electricity markets of
UCPTE countries as well as the Nordic countries.

OPERATIONAL STABILITY
The Nordel system operared without serious out-
ages in 1994,

The Operations Committee has considered a
draft for new operational performance specifica-
tions for thermal power units, setting out require-
ments that have to be met before link-up to the
Nordel grid.

NOKSY, the working group for systems opera-
tion under the Operations Committee, handling
technical aspects and analyses for the Nordel sys-
tem, has been asked by the Committee to focus on
tasks such as:

Analysing the new criteria for grid dimensio-

ning and comparing the related safety require-

ments with those which are observed in practi-
cal operations.

Reviewing existing recommendations for in-

Langfoss, Etne in
Hordaland

stantaneous disturbance reserves and frequency-
controlled grid protection, and proposing ne-
cessary revisions and supplements.

Establishing data for an operating grid designed
for the technical analyses carried out by NOKSY.
Defining and documenting the transmission ca-
pacity of the jointly operated links.

Analysing interruptions and interesting events
occurring in the Nordel system.
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Developments in 1994

The Nordic countries are in a period of respectable
economic growth. Thus, in 1994, the Gross Nation-
al Product (GNP) rose by 4.2 % in Denmark, 3.7 %
in Finland, 2.1 % in lceland, 4.5 % in Norway and
2.0 % in Sweden.

For Denmark, a fiscal policy relaxation led ro a
record increase in privare spending, and is the main
reason for the increase in production, investments
and imports.

Finland’s trade outlook took an upward turn the
end of 1993 due to increased exports. The positive
development in exports is due in part to good com-
petitive ability, as well as to a strong upswing in the
most significant markets. In spite of economic
growth, the rise in domestic demand was modest.

The economic situation in Iceland in 1994 was
characterised by a moderate economic upswing.
The real value of fishery products, the country’s
most important product category, showed an incre-
ase of 2.5 %, while the value of the other industrial
products grew by 7 %.

Norway is undergoing strong economic expan-
sion that started in mid-1993. The upswing is dri-
ven first and foremost by domestic demand, with
private spending playing a particularly significant
role. Traditional exports have risen as well.

The economic vutlook in Sweden rurned ar the
end of 1993. Growth has taken place primarily
through increased utilisation of capacity in industry
and the export-related trades, This development is
expected to result in a strong increase in invest-

ments for new capacity. Domestic demand is ex-
pected to develop only weakly, mainly due to strict
government finance policies.

Total electricity consumption (excluding electric boil-
ers) by the five Nordel countries rose by 2.3 % in
comparison with 1993, The increase for the indivi-
dual countries was as follows: Denmark 0.4 %, Fin-
land 4.2 %, Iceland 0.8 %, Norway 4.0 % and Swe-
den 0.6 %.

Total electricity generation by the five Nordel coun-
tries was 356 TWh in 1994, which corresponds ge-
nerally to the electricity generated in 1993.

B Hydro power was the largest production source
with 187 TWh, corresponding to 53 % of total
electricity output. This is a decline of 13 % in
relation to 1993, due to a diminished inflow of
water to Swedish and Norwegian reservoirs du-
ring some of the year.

B Nuclear power was the second largest source of
production with 88 TWh, corresponding to 25 %
of combined electricity output. This is an incre-
ase of 14 % in comparison with 1993, as several
Swedish nuclear power plants were shut down
for longer periods that year.

B Orther thermal power comprised 79 TWh,
which corresponds to 22 % of rotal electricity
output, an increase of 20 % in relation to 1993,

i  Other renewable power, such as wind power
and geothermal power, comprised 1.4 TWh,
which is less than 1 % of total ourput.

Electricity exchange among the five Nordel countries
comprised 15 TWh in 1994, plus 9 TWh of electri-
city exchange with Germany and Russia. Denmark
was the largest net exporter with 5 TWh (of which
2 TWh were exported to Germany). Finland was
the largest net importer with 6 TWh (of which 5
TWh were imported from Russia).

Flaedil - The organisations
Nordel, UCPTE and
uePTe L IPS/CDO coordinate
I 1PsiCDO electricity generation
\PSICDO Ty wnuerie .| and transmission in

 Qirrordaail the countries shown.
11 1PSICENTREL Interorganisational

Baliiertes collaboration was

strengthened in 1994.
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Skeerbzk Power
Station’s new unit
3, scheduled for
commercial
operation in 1997
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ENERGY POLICY

Since the 1970s and with shifting priorities, the
main objectives of Danish energy policy have been
security of supply, the national economy, saving
energy and concern for the environment. In recent
years, concern for the environment has been incre-
asingly incorporated into Danish energy policy, and
in connection with national elections in Septem-
ber 1994, the Ministry of Energy was merged with
the Ministry of the Environment to form the new
Ministry of Environment and Energy.

In December 1994, the new Minister of En-
vironment and Energy presented his first energy
policy statement, emphasising that the government
remains committed to the highly ambitious energy
sector objectives set out in the energy action plan
from 1990, “Energy 2000". The main thrust of the
plan is to reduce CO; emissions by 20 % by the
year 2005, relative to the 1988 level.

At the same time, the new energy policy state-
ment indicates that the measures already adopted
are not sufficient to meet the objectives for CO,
reduction, and that new initiatives in the energy
and transport areas will be forthcoming. The new
initiatives are expected to include taxes on indu-
strial energy consumption.

Effective as of 1 March 1994, provisions dealing
with integrated resource planning (IRP) in the
power supply sector were incorporated into the Da-
nish Electricity Supply Act. The objective of IRP is
to weigh consumer-related efforts against produc-
tion-related action in order to meert top-level ener-
gy policy objectives in a way that is most cost-effec-
tive,

In 1993, the former Minister of Energy set up a
working group to propose how to convert existing
buildings in areas with collective heat supply from
electric heat to natural gas or district heating, The
results of this work were published in June 1994,
The working group assessed that abour 17,000

buildings currently heated by electricity could be
converted to narural gas or district heating with di-
rect benefits to the national economy. The report
also indicated that financial benefits to users are
questionable,

Folketinget (the Danish Parliament) adopted a
proposed bill in June 1993, which opens the way
for Danish power utilities to engage in energy sup-
ply projects abroad, to some extent. For more than
a year, the proposed bill was blocked by the Europe-
an Commission, which referred o the EU regula-
tions on government subsidies, but the revised ver-
sion of the hill is expected to be passed at the be-
ginning of 1995.

As part of the realisation of the Single Europe-
an Market, council directives have been proposed
concerning a single marker in the electriciry and
gas area. It is still uncertain how the future regula-
tion of the Danish electricity and natural gas mar-
ket will be designed, and rhe Danish government
has acknowledged that environmental problems ti-
ed to the energy sector will make it necessary to
follow up the realisation of a single energy market
in the EU by several supplementary joint environ-
mental measures.

ELECTRICITY CONSUMPTION

Tortal electricity consumption was 33.2 TWh in
1994, which corresponds generally to 1993 con-
sumption levels.

Household and service sector consumption of
electricity fell by 1 %, in part due to the savings
campaigns carried on by the power utilities. Howe-
ver, the savings by households and the service sec-
tor were outweighed by the 5 % increase in indu-
strial consumption.

ELECTRICITY GENERATION

In 1994, domestic output was 38.0 TWh, of which
89 % was generated at primary power stations. The
remaining 11 % of production was generared at
small-scale CHP plants and renewable energy
plants, of which 25 % by wind turbines.

Denmark exported substantial amounts of elec-
tricity to both Sweden and Norway in 1994, as
both countries had very low water inflow to reser-
voirs in late summer and autumn. For the year as a
whole, Denmark was a net exporter with 4.8 TWh.

Coal continues to be the fuel used most widely
by the Danish power stations, accounting for 89 %
of their total fuel consumption in 1994.

In February 1994, ELSAM/ELKRAFT and
Dansk Naturgas A/S signed an agreement on more
natural gas supplies to the power stations. The new
agreement comprises 350 million m* annually to
the new CHP unit ar the Skaerbaek Power Station,
scheduled for aperation in 1997, In June 1994, the
parties also agreed on the supply of a further 300
million m' of natural gas annually starting at the

end of the 1990%.
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The first shipload of orimulsion arrived at the Asnzs Power Station at the turn of the year 1994/95

The Danish power stations already have an agree-
ment with Dansk Naturgas A/S to supply 300 mil-
lion m* annually, primarily for the Svanemplle and
H.C. @rsted Power Stations in Copenhagen. With
the new agreements, total annual consumption of
natural gas at the large Danish power stations will
reach about one billion m® by the end of the 1990,
If natural gas consumption by the industrial secror
and district heating stations is added, about 25 % of
Danish electricity output will be based on natural
gas at the turn of the century.

In 1994, Sjeellandske Kraftveaerker decided to
file an application to the Energy Agency for setting
up a new multi-fuel CHP unit at the Avedpre
Power Station, with a capacity of 460 MW, and
480 MJ/s heat. Plans for the new unit are based on

a highly sophisticated technical concept, which
allows enormous flexibility as well as a very high
efficiency.

In the ELSAM area, two new high-efficiency
400 MW convoy units are being built at the Skwer-
bk and North Jutland Power Stations. The Skaer-
back unit, which will be gas-fuelled, is scheduled
for operation at the end of 1997, and the new coal-
fuelled unit at the North Jutland Power Station
will be operational a year later.

Increased use of biomass will be one of the
means Danish power stations must adopt in order
to reduce CO, emissions, and in 1993, the govern-
ment entered into an agreement with several of
the political parties about increased use of biomass.
Under the agreement, the power generators must

13
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= Denmark

I/S Vestkraft received the international “1994 Power Plant Award”

successively increase the use of biomass at their pri-
mary power stations to 1.2m tons of straw and 0.2m
tons of wood chips by the year 2000. A final deci-
sion was made at the end of 1994 regarding straw-
fuelling at Studstrup Power Station’s unit 1 (50,000
tons straw annually) and Masnedo Power Station
(50,000 tons straw annually), and a separare straw-
fuelled boiler will be erected at Ensted Power Stati-
on's unit 3 (120,000 tons straw annually + wood
chips). The biomass programme of the Danish
power stations contains a wide range of activities
that includes gasification, combined straw-/coal-
fuelling in traditional as well as fluid-bed boilers,
and firing in separate straw-fuelled boilers.

At the turn of the year 1994/95, Asnzes Power
Station began test-fuelling with orimulsion ar the
station's unit 5 (650 MW).

MAIN GRID

Ar the end of 1993, pale 3 in the DC link between
Jutland and Norway became operative, increasing
the transmission capaciry of the Skagerrak link ro
about 1,000 MW. At the end of 1994, ELSAM and
Statkraft reached agreement on adapring existing
agreements concerning the use of the Skagerrak
link to the new situation in Norway. The Norwe-

gian government has to approve the agreement be-
fore it can enter into force.

The new KONTEK link, which will connect
Eastern Denmark’s electricity system with Ger-
many, was finally approved by the authorities in
1994, The link will be established as an under-
ground DC cable from Bjaeverskov to Gedser
(about 100 km), and from there as an approx. 45
km long submarine DC cable to Margrafenheide,
north of Rostock. The KONTEK link will have a
transmission capacity of about 600 MW and is ex-

pected ro be commissioned at the end of 1995.

ELECTRICITY PRICES

Excluding raxes, electricity prices fell by about
0.015 DKK/kWh from the start of 1994 to the start
of 19935, The average consumer price at an annual
consumption of 3,500 kWh is now 0.455 DKK/
kWh. Energy raxes and VAT hring the price up to
1.107 DKK/kWh. At an annual consumption of
15,000 kWh, corresponding prices are 0.374 DKK/
kWh and 0.973 DKK/kWh.

An industrial customer with an annual con-
sumption of 2.5 GWh pays an average of just under
0.325 DKK/KWh (excluding VAT), plus a CO, tax
of 0.05 DKK/kWh.
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4 A helicopter help-
ed out when the
400 kV TVS line
near Helsinki was
erected

Meri-Pori 565 MW coal-fired power station at Bjérneborg, inaugurated in February 1994

ENERGY POLICY

In early February, the Ministry of Trade and Indu-
stry finalised its proposal for a new electricity mar-
ket act. The proposal was then fine-tuned by offici-
als of the Ministry on the basis of the replies re-
ceived in February, after the draft proposal had be-
en submitted for hearing. The new draft proposal
was completed in June and was then submitred ro
the Government. The Government passed on the
document to the Parliament in September, and
discussions of the proposed structure continued in
the parliamentary Economic Commitree into the
new year.

The Parliament will adopt the new Electricity
Market Act before the elections in March 1995,
and the act is expected to take effect as from 1 June
1995, It will presumably be complemented by regu-
lations protecting small consumers.

The Government's bill for an electricity market
central, ancillary to the new Electricity Market
Act, was adopted by the Parliament already in De-
cember 1994. The central will handle the rasks im-
posed on the electricity market authorities by the
Act. In the longer term, the central will be funding
its activities by means of control, licence and ser-
vice charges.

The Carhon Dioxide Commission presented its
report, according to which significant reductions in

the emission of greenhouse gases in Finland will be
extremely difficult in the short term. The primary
means for reducing emissions were seen to be ener-
gy savings and more extensive use of nuclear power.
Finland ratified the Climate Convention in the
summer of 1994, whereupon preparations for the
national programme were commenced as well as
the report for the meeting of the parties ro rhe
Convention. The goals can only be reached if the
carbon fixation in the biosphere is taken into ac-
count. Detailed analyses of the programme have
shown that it is uncertain how long the amounts of
carbon retained in the biosphere will be sufficient
to compensate for the growing emission of carbon
dioxide.

Investments in the first desulphurisation and
DeNox programmes were completed. In 1993, Fin-
land’s emission of sulphur was 120,000 tons, a reduc-
tion by almost 80% compared with the level in
1980. Since Finland’s goal under Sulphur Protocol
I1is a 80% reduction before the year 2000, it will
therefore be possible to reach this level without
adopting all measures set out in the report of
Sulphur Commission I1. The expected develop-
ment is, however, threatened by the rising share of
fossil fuels used for the energy generated.

The present measures to cut nitrogen oxide
emissions are also insufficient for attaining a 30 %
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reduction from the level of 1987, Studies of techni-
cal and financial solutions that can help ensure
adoption of the necessary measures have been initi-
ated.

After the Government’s adoption of amend-
ments to the Nuclear Energy Act in lare 1994, nu-
clear waste generated in Finland must be handled,
stored and finally deposited there. At the same ti-
me, a prohibition was introduced against handling,
storage and final deposit of nuclear waste generated
outside Finland. Imatran Voima is allowed to conti-
nue transporting spent nuclear fuel to Russia until
1996, meaning another two transports. Imatran
Voima has therefore commenced preparations for
long-term intermediate storage and final deposit of
spent nuclear fuel in Finland.

Following a Government decision in early
April 1994, the use of bio-energy should be in-
creased by at least one fourth relative to the pre-
sent rate by the year 2005, or an energy volume
equivalent to 1.5 Mtoe. The total amount of public
subsidies to promote the use of bio-energy is FIM
500m a year.

New legislation concerned with mandatory stor-
age of imporred fuel will take effect from 1 January
1995. An important new feature, compared with
previous storage requirements, is the inclusion of
natural gas. Since storing natural gas is technically
difficult, the supply security can be ensured by
other types of fuel.

ELECTRICITY CONSUMPTION

In 1994, the =lectricity consumprion in Finland
rose to 68.2 TWh in total. Sratistically, the con-
sumption went up by 4.1 %, or 3.6 % in temperatu-
re-adjusted terms. Export industries had the most
significant increase in their elecrricity require-
ments, in the light of rising demand for forestry and
metal industry products. However, also manufac-
turers supplying the domestic marker, the service
trades and the housing sector demanded increasing
electricity supplies.

The electricity consumption of manutacturing
industries was 35.8 TWh, up 5.5 % compared with
6.3 % the previous year. The requirements of other
sectors rose by 3 % on average, of which 1 % was
the result of the weather conditions. Temperatures
in 1994 were equal to the average, but lower than
in 1993,

The year's peak output was registered in Februa-
ry, when the consumption reached 11,300 MW,
corresponding to an outdoor temperature of -24°C.

Electricity accounted for 26.5% of the roral
energy requirements - a slight increase on the pre-
vious year.

In November 1994, the Ministry of Trade and
Industry published a forecast for the electricity re-
quirements until the year 2005, reflecting the trend
of the next decade if the country's economic goals
are achieved. According to the government

forecast the electricity requirements at the begin-
ning of the 21st century will be higher than esti-
mated by the electricity industry.

ELECTRICITY GENERATION

The electricity demand increased to 68.8 TWh in
1994, which was 4.4% more than the year before.
Imports declined by 16%, totalling 6.7 TWh. Im-
ports from Russia accounted for 5.0 TWh (+6 %)
and from Sweden 1.7 TWh (-47 %).

Hydro power generated 11.7 TWh, or 12 % less
than the previous year and 7 % less than the ave-
rage volume, 18.3 TWh was generated by nuclear
power, 2 % less than the previous year. The availa-
bility factors per unit were as follows:

e lovisal 903 %
e Loviisall ~ 80.9%
e Olkiluoto I 96.4 %
® Olkiluoto 1T 92.4 %.

The upturn in the forest industry combined
with colder weather increased back-pressure gene-
ration of power by 9 %. As a result of higher gene-
ration levels, lower hydro power output and de-
clining imports, the necessary separate condense
power generation went up by 63 % compared with
the previous year.

Only minor interruptions occurred in the gene-
rating and transmission systems.

The generating capacity increased by a total
output of 208 MW, The new capacity consisted of
combined heat and power stations and industrial
back-pressure plants.

By the end of 1994, new generating capacity of
approx. 1000 MW in total was either under con-
struction or at the stage where projects had been
given the go-ahead. After decommissioning of old
power plants, the net increase will be approx. 900
MW. About half the increase is accounted for by
the gas-fired CHP station at Nordsjo, Helsinki,
which will be ready for operation in 1997.

ELECTRICITY PRICES

The price of distributed electricity declined some-
what in 1994, The average taxed consumer price
in September 1994 was 0.535 FIM/kWh in apart-
ment buildings, 0.459 FIM/kWh in detached hou-
ses, 0.344 FIM/KWHh in houses with direct electric
heating and 0.286 FIM/kWh in houses with elec-
tric storage heating. Environmental taxes ac-
counted for approx. 0.02 FIM/kWh.

In 1994, the greater part of the trade in crude
power was based on the H/85 tariff system, which
had been in use since 1985. The ten-year H/85
contracts will be replaced by new and more flexible
products in 1995,

Energy taxation will be tightened in the 1995
Budget. The fuel tax based on energy content will
be 3.5 FIM/MWh, whereas the tax hased on car-
bon-dioxide emission will be 38.3 FIM per tan of
carbon dioxide. In the same vein, the primary pro-
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duct allowance for peat was abolished as well as the
import allowance for natural gas. To compensate
for this change, the tax on peat and natural gas will
be lower during the transition period.

In line with 1994, the taxes on coal and im-
ported electricity will be raised by 70 %, the rax on
electricity generated by nuclear power by approx. 15 %
and the tax on hydro-power electricity by 50 %,

THE MAIN GRID

VO Transmission Services Ltd (IVS) presented a
proposal for new point tariffs for the main grid. This
tariff system will give uniform terms for all those
who link up with the grid. The new point tariff sys-
tem incorporates grid services to generators, which
replace the previous joint operation agreement. At
the same time, [VS and TVS agreed ro run their
grids in parallel. The Nordic collaboration between
grid operators was intensive, in particular in prepa-
ration for the electricity market of the future.

IVS invested significantly less in its grid than in
previous years. Towards the end of the year, [VS
commissioned a 400/110 kV transformer station at
Vualijoki in north-eastern Finland. No new 400 kV
lines were completed. The feasibility of increasing
the transmission capacity between Sweden and
Finland was investigated. The integrated and versa-
tile 400-110 kV grid database, ELNET, was put inta
operation. ELNET stores all technical dara for lines
and stations,

In December, Teollisuuden Voimansiirto Oy
(TVS) commissioned rhe 400 kV Ulvila (Bjérne-
horg) - Rosendal - Lansisalmi (Helsinki) Line as
well as a 400/110 kV transtormer station at Linsi-
salmi. This link was the largest line investment in
the Nordic region in the 1990% (235 km),
amounting to FIM 250 million.

The operational reliability was high, and there
were no serious interruptions in the main grid ope-
ration in 1994,

INTERCONNECTED OPERATION
In late 1994, the Electricity Delegation, a body re-
presenting generators and main grid operarors, put

Waste fuel of the
Lovisa nuclear po-
wer station is put on
final deposit in the
bedrock of the
power station site,
The bottom level,
100 metres down,
was reached in April

forward recommendations for a contract system o
be adopted in 1995 covering the technical side of
interconnected operation. Beside the agreement
between IVS and TVS on parallel operation of
their main grids and grid services, the new system
includes an agreement berween main grid opera-
tors and generators on grid reserve capacity for dis-
turbances and an agreement on maintenance of
technical generating reserves.

The agreement system is exclusively based on
the technical requirements for transmission grids
and generating plants necessary to keep the electri-
city system running.

MISCELLANEOUS

Over the past decades, the energy-intensive indu-
stries have established several power generating
companies. As a consequence, industrial companies
have been able to be shareholders in several power
generators. In order to strengthen the funcrional
structure of their power generation, industrial
companies have in recent years concentrated their
power demands with Pohjolan Voima Oy and
transferred their electricity purchasing resources to
this company. Pohjolan Voima generates electricity
for its owners based on their shareholdings.

In 1994, TVS entered into an agreement with
the Russian export group of Technopromeksport for
importation of electricity from Russia. This import
will commence in 1997 and continue until 2004,
when TVS's electricity import licence expires.

Ownership patterns in the distribution secraor
have changed recently. A new feature is the inre-
rest demonstrated by foreign enterprises. Previous
acquisitions of power stations were primarily
rransactions between various local authorities or
mergers between power stations located in the same
region. In autumn 1994, however, Swedish Vatten-
fall acquired one third of Jyllinkosken Sihkéa Oy,
and also British Yorkshire Electricity has advanced
propositions to Finnish elecrricity distributors.

Some of the Finnish distributors have also
shown interest in stock exchange flotation. At pre-
sent, two power generating companies are listed.
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ENERGY POLICY

Negotiations with the “ATLANTAL" group on a
new aluminium smelter in [celand remained ata
standstill in 1994, although the parties kepr in con-
tact with each other.

In May 1994, the Minister of Industry present-
ed a report to Altinget, the Icelandic Parliament,
entitled “Domestic energy sources for generating
electricity”. The report outlined the potential for
generating electricity inherent in the country’s de-
posits, in terms of exploiting the country’s energy
sources for energy-intensive industry, producing ar-
tificial fuel and possibly exporting power. With the
same ohjective, the Minister of Industry published
an information document about the hydro power
projects in northeast and eastern leeland, covering
the technical and economic aspects of the projects,
their influence on local industries as well as tour-
ism, and environmental impact. He also held infor-
mation meetings with local authorities and Mem-
bers of Parliament in those regions expected to be
particularly affected by these projects.

The Minister of Industry is now in the process
of revising the Energy Act of 1967. At the 1994
annual meeting of the Iceland power station associ-
ation, the Ministry brought up various points and
questions in this connection, in order to ger re-
sponse from power utility people. The matter was
discussed at the meeting, but no specific positions
have been taken to date.

In December, Iceland signed the Treaty on the
European Energy Charter, with the reservation that
it is ratified by Altinget.

ELECTRICITY CONSUMPTION
Electricity consumption in lceland was 4,774 GWh
gross in 1994, that is, including transmission and

distribution losses and the power stations’ own con-
sumption. Compared with 4,721 GWh the year he-
fore, consumption grew by 1.1 % in 1994, divided
as 3,905 GWh firm contract power and 869 GWh
unguaranteed power.

Energy-intensive industry accounted for 50.3 %
of total consumption (50.4 % in 1993). Private
consumption increased by 1.5 %, withour correc-
tion for temperature deviations from normal. With
correction, growth was 1 %.

ELECTRICITY GENERATION
Electricity output, which is equal to gross consump-
tion because no electrical energy is imported or ex-
ported, was 4,774 GWh, compared with 4,721 GWh
in 1993. Of this amount, 4,510 GWh or 94.5 %
was generated at hydro power station (unchanged
in comparison with 1993), 260 GWh or 5.4 % at
geothermal plants (also unchanged from 1993),
and 4 GWh or 0.1 % by diesel and gas turbines.
The installed capacity of public power plants
was 1,045 MW at the end of 1994, largely the same
as at the end of 1993,

ELECTRICITY PRICES

Landsvirkjun increased its bulk tariff to distributors
by 3.0 % on | January 1994, the only increase du-
ring the year. The retail tariffs of the main distri-
butors remained largely unchanged in 1994, falling
rather than increasing, in fact. Certain internal ad-
justments were made between tariff groups.

The market price of crude aluminium improved
somewhat in 1994, relative to its low level the year
before. Consequently, the price for power charged
by Landsvirkjun to Det Islandske Aluminiumsel-
skab, ISAL, also rose. The price was 12.5 mUSD/
kWh in the first quarter of 1994, bur 14.176

Hydro power reservoir “Sultartangalon”, southern Iceland
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Geothermal ORC (Orga-
nic Ranking Cycle) unit of

1.2 MW using isobutane
as working fluid in Svart-
sengi CHP plant, south-

western Iceland

mUSD/kWh in the fourth quarter, corresponding
to 0.0929 SEK/kWh and 0.1053 SEK/KwH, respec-
tively, based on the rate of the dollar on 31 Decem-

ber 1994,

MISCELLANEOUS

ICENET, a study team with representatives from
two Dutch power utilities, a Dutch cable manufac-
turer and Reykjavik Municipality, continued the

Ploughing down three single-phase 33 kV cables for distribution to rural districts in northern Iceland

second phase of the feasibility study on exporting
power from Iceland to the Netherlands. At the re-
quest of [ICENET, Landsvirkjun will also take part
in the last part of the study. Other export possibili-
ties are being kept in sight. Landsvirkjun's coopera-
tion with Scottish Hydro on studies of a cable con-
nection berween leeland and Scotland continued
during the year, and representatives from Hambur-
gische Elektricititswerke AG paid the Ministry of
Industry and Landsvirkjun a visit in the summer of
1994.

Towards the end of the vear, information meet-
ings between an American zinc manufacturer and
its lcelandic counterparts were held in Reykjavik,
about building a zinc factory in southwest lceland.
Landsvirkjun and a Reykjavik manufacturer of arti-
ficial fertiliser were present ar the meetings.

At extraordinary meetings in December, the as-
sociations of the Icelandic power stations and heat-
ing stations decided to merge, a process that has
been underway for a long fime. No decision has yet
been made on what to call the new national associ-

ation, which will also Encompass waterworks.
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ENERGY POLICY

The Ministry of Industry and Energy has granted
Norsk Krafteksport AS a concession for a power ex-
change agreement with SEP, a Dutch power gene-
rator. The exchange will be realised via a new cable
hetween Norway and the Netherlands. It is inten-
ded to have a capacity of 600 MW and will be ope-
rational in the year 2001. The agreement has been
concluded for a rerm of 25 years. Stattnet SF will
be owning the northern and SEP the southern half
of the cable. Startkraft SF is the Norwegian party
to the agreement, but will make agreements with
the other sharcholders in Norsk Krafteksport AS,
who are seven of the major Norwegian power gene-
TAtOrs.

Norsk Krafteksport AS will be supplying a max-
imum power volume of 2.16 TWh a year, whereas
SEP has been granted an option for exporting 0.6
TWh annually at an agreed price. In addition, the
entire capacity of the cable is intended ro be avail-
able for short-term exchange of power, to take ad-
vantage of differentials herween marginal costs in
the Netherlands and prices in the Norwegian po-
wer market. If a pool is established in the Nether-
lands, the prices will be based on the prices quored
for this pool.

A public committee has presented a proposal to
amend the act on water utilisation and ground water
(the Water Resources Act). The new act will repla-
ce the existing Water Utilisation Act from 1940.
The basic idea of the proposal is to ensure that en-
vironmental concerns are reflected more distinctly
in the new Bill, at the same time as the public inte-
rest in the management of water resources will be
reinforced. The Bill has been submitted for hearing
to a broad range of interested parties, and the Mini-
stry of Industry and Energy is aiming at presenting
the Bill to the Parliamenr in the spring of 1996.

The compilation and publication of data on
water reserves stored in the reservoirs of the power
generators began on 1 August 1994, after such data
had not been available to the public for almost two
years, The Norwegian Water Resources and Energy
Administration (NVE) collects data from the power
generators as a routine procedure, and processes
and compiles them into total figures for three nari-
onal sections as well as for the country as a whole.
The Central Statistical Office publishes the total
figures once a month in line with its publication of
other economic statistics.

The Water Resources and Energy Administrati-
on (NVE) has drafted new guidelines for merering
and paying for power consumption, which makes it
more simple to switch to another power supplier
also for customers with low requirements. These
guidelines specify the distribution of liabilities be-
rween power suppliers and grid operators in a regi-
on. The authorities have forbidden the power gene-
rators to demand fitting of new meters, if small
customers want to switch to another power suppli-

er. NVE has also prepared new guidelines for sy-
stem liabilities in the power system. The system lia-
hility concept makes generators, grid operators and
major end users liable to coordinate their actions to
the necessary extent, where such actions will im-
pact the power system. The purpose is to protect
operational stability. National system liability has
been imposed on Srattnet SE based on guidelines
that set out more specific definitions of Stattnet
SF's practical responsibilities and methods. The
guidelines will come into force from 1 January
1995,

The Competition Supervisory Authority is re-
sponsible for ensuring conditions that permit effec-
tive competition in the power trade. The Authority
has to make sure that the power generating and dis-
tributing sectors are subject to the same rules for
competition and information to the market and the
public as operators in other market-oriented activi-
ties. In December 1994, the Competition Authori-
ty turned down an application from three major
Norwegian power generators (the OBT Group) and
another application from six large power generators
(Serkraft AS), who had requested exemption from
the provisions of the Competition Act that prohi-
hit cooperation on sale of electric power, market
sharing and agreements on inter-company water
exchange.

ELECTRICITY CONSUMPTION

The toral gross consumption in Norway was 113.5
TWh in 1994, representing an increase of 1.1 TWh
from 1993,

The gross consumption in general distribution
was 77.0 TWh, 4.2 % up from 1993. Adjusted to
normal temperature conditions, the general con-
sumption was calculated at 77.5 TWh, an increase
by as much as 4.4 % compared with the same period
last year. This is a far higher growth rate than in
the last half of the 1980s and the beginning of the
90s, when the temperature-adjusted growth rate
was about 1.5 - 2.0 %.

The consumption in energy-intensive industries
was 28.0 TWh, up 1.5 % compared to 1993.

The total demand for power for electric boilers
and pumped storage power was 6.8 TWh, a decline
by 23.1 % relative to 1993,

The consumption of light heating products
(light fuel oils and paraffin) was 970 million litres.
This represents an increase of 6.8 % compared with
1993, For heavy fuel oils, the consumption was 393
million litres, a surge by as much as 52.3%. « The power line

The electricity consumption was about 50.4 % Salten-Svartisen,
of the energy content in energy carriers supplied ro commissioned in
end users (net final consumption). Petroleum pro- November, gre-
ducts covered 37.4 % and solid fuels 11.7 %. Dis- atly expands the
trict heating accounted for approx. 0.5 %. Thus,
the electricity share of the total consumption de-
clined by approx. two percentage points from 1993

to 1994.

transmission ca-
pacity between
northern and
central Norway
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Statnett Marked
recorded a steep
increase in turn-
over in 1994, parti-
cularly in the
weekly market

The peak load relared to domestic consumption,
including electric boilers and pumped storage power,
was recorded on 14 February, when it reached
19,786 MW, an increase on 1993 of 499 MW or
2.6 % and a new peak load record. At the peak-
load hour, exports amounted to 348 MW.

ELECTRICITY GENERATION

The generation of hydro power was registered ar
112.9 TWh in 1994. Including 0.6 TWh thermal
power, the total output reached 113.5 TWh. This
was 0.7 TWh or 5.6 % less than the 1993 output.

The exchange of power with other countries
resulted in net imports of 0.1 TWh, a change rela-
tive to 1993, when net exports totalled 7.8 TWh.
Exports to Sweden accounted for 4.4 TWh, where-
as imports were 2.9 TWh. Exports to Denmark
amounted to 0.9 TWh and imports 2.3 TWh. Im-
ports from Finland amounted to 0.3 TWh. There
was no exchange of power with Russia.

New generating capacity in 1994 totalled 133.5
MW, with an average annual output of 514.2
GWh. The additional capacity was provided by 11
projects, most of them small-scale power plants,
The largest project was the Meriker/Tevla power
station with a capacity of 108 MW and 409.1
GWh.

NVE has estimated the mean yearly output in
the Norwegian hydro power system at 111.7 TWh,
using data returned for the period 1931-1990. In
addition, Norway has thermal power stations with a
mean annual output of 0.6 TWh. The total Norwe-
gian power output in 1994 was thus 1.1 % higher
than the mean annual figure. In hydro pawer sta-
tions, the installed capacity totalled 27.144 MW
on 31 December 1994,

ELECTRICITY PRICES

The average price (quantity weighted) for power
distributed through Statnetr Marked AS was 177
NOK/MWh for 1994. This is an increase by as
much as 116% compared with 1993, The average
price of power distributed through the daily market

was 185 NOK/MWh. The highest price in this
market was 481 NOK/MWh (on 28 February) and
the lowest was 60 NOK/MWh (on 14 May). The
average price of regulating power was 176 NOK/
MWh, whereas it was 162 NOK/MWh for the
weekly market.

The average 1994 price for households was
0.489 NOK/KWh including taxes, a reduction by
3.1 % from 1993. The average 1994 price covers a
power price of 0.157 NOK/kWHh, a transmission
price of 0.193 NOK/kWh and total taxes of 0.139
NOK/kWh. Analyses have revealed a tendency to-
wards price equalisation of total prices charged for
the various regions of the country. The transmis-
sion price tends to vary a good deal, whereas the
competitive power price is subject to considerable
equalisation.

An electricity tax is levied on power supplied,
though manufacturing industry, mining, green-
houses and electric boilers have been exempted
from this tax from 1994, Consumers in Nord-Troms
and Finnmark are also exempted from the tax. In
1994, the tax was levied at a rate of 0.051 NOK/
kWh, bur it has been raised to 0.052 NOK/kWh for
1995, In addition, there is a generating tax on all
electricity generated. Until 1 July 1994, the rate
was 0.0122 NOK/kWh, whereas it was raised to
0.015 NOK/kWh for the rest of the year and to
0.0152 NOK/kWh for 1995. The tax base is 1/15 of
the total outpur generated during the past 15 years
(the period 1978-1992). Like all other goods and
services liable to VAT, electricity was subject to
VAT at the rate of 22 per cent. The VAT rate has
been raised to 23 % for 1995. However, the three
northern counties are exempt from VAT.

Statnett Marked AS, the organiser of the Nor-
wegian markerplace for trade in physical power,
took over Norsk Kraftmarked AS as at 5 October
1994. This acquisition was part of the development
of a new financial power market. Statnert Marked
is aiming at harmonising the offers in the tradition-
al weekly market with new financial products.
From | January 1995 Statnett Marked has been
given a more free position in relation to its parent,
Statnett SE, and on that occasion the company was
relocated to new premises.

MAIN GRID

On 11 August, a new 132 kV line from Mestervik
to Hungeren (line 2) was put into operation. This
new line has helped ensure a more reliable power
supply to Tromse city.

On 10 November, the 420 kV line from Salten
to Svartisen was operational, providing a 420 kV
through-link in a region where the exchange in the
Norwegian grid was previously carried by a single
132 kV line. Analyses completed in 1994 showed
that it will be possible to operate the lines of Nord-
kalotten as one grid (ring operation Norway-Fin-
land-Sweden). After the restructuring of operations



The Sakarias Dam, Mere and Romsdal. Collection and publication of data on water levels in power station

reservoirs have been resumed

(January 1995), consumers in Finnmark will hav
instantaneous reserve capacity in case of outage of
a single line in the main grid.

The Norwegian main grid had no operating in-
terruptions affecting large areas in 19

Statnett has given advance notice of compre-
hensive plans to reinforce the main grid in south-

provide capacity for the planned and adopted cable
links between Norway and the conrinent. The in-
vestments required for the domestic main grid are
estimated to total up to NOK 2 billion. The advan-

ce notice is based on plans including three new ca-
ble links to the continent before 2003 - 2005, of
which the first link cannot be established earlier
than in 1999, Otherwise, the planning foresees a
maximum capacity of 800 MW for each cable. The
advance notice proposes lacation of the current-
converting stations at either Lista/Feda, Tonstad or
Kvilldal in the Ullafgrre region. Specific proposals
for new transmission systems include a 420 kV line
between Holen-Evije and Kristiansand. Other major
projects to rebuild the existing main grid may also
become necessary,
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ENERGY POLICY

In 1994, energy policy discussions were centred on
two main issues, deregulation of the electricity mar-
ket and the question of carrying into effect the phas-
ing-out of nuclear power by the year 2010. The first
deregulation measure taken by the Parliament was
a resolution, passed in late May, to lift all restric-
tions on the electricity market in order to introduce
free market conditions in Sweden from 1 January
1995. This action was accompanied by a decision
to appoint a parliamentary energi commision,
designed ro analyse issues related to the electricity
market reform, and to revise the energy policy with
special reference to the question of nuclear power.
According to its mandate, the commision should
present its report by 30 November 1995.

After the parliamentary elections in the autumn,
a new government took office in Sweden. Its first
action in the energy policy arca was postponement
of the electricity market reform. The new govern-
ment issued an additional directive to the energy
commision to further analyse certain effects of the
electricity marker reform. Among the issues were
the situation of the customers living in sparesely
populated parts of the country, and foreign rrade
with electricity. By the directive the commision
was given the possibility of giving precedence to
these questions by treating them together in a sepa-
rate report. Thereby, the deregulation of the
Swedish electricity market can be implemented by
| January 1996 provided that the commissions’
analyses support the reform.

[n mid-year, NUTEK, the industrial and tech-
nology development body, presented its annual
evaluation of Sweden’s energy situation commission-
ed by the Parliament. The evaluation was carried
out in extension of the three-party statement on
energy policy drafted in 1991,

The NUTEK report includes an assessment of
Sweden's electricity requirements by the year 2005.
The total energy consumption is expected to grow
by barely one per cent a year, to approx. 158 TWh
in 2005. The forecast is based on the assumption of
an average increase in manufacturing output of 2.6
per cent per year and average annual GNP growth
of 1.8 per cent,

According to NUTEK's assessment of nuclear
power generation, the generating capacity will be
about 72 TWh in 2005. In its Budget tor 1994/
1995, the Government uses NUTEK's assessments
of electricity consumption and generation without

further comments.

ELECTRICITY CONSUMPTION

The 1994 electricity consumption, excluding elec-
tric boilers, rose to 125.6 TWh, an increase of 2.3
TWh compared with the previous year. In addition
to the direct electricity consumption, the transmis-
sion loss was estimated to be 8.3 TWh against 9.5

TWh in 1993.

By

Turbine, Porjus Power Station

The weather conditions in the past year were large-
ly normal in temperature terms. Thus, for conversi-
on to average temperature terms, the electricity
consumption needs adjustment by only +0.6 TWh,
to 126.2 TWh.

The power supplied to disconnectable electrici-
ty boilers in 1994 was 4.1 TWh, representing a de-
cline by 3.3 TWh relative to the previous year.
Thus, the rotal electricity consumption in Sweden
for 1994 was 129,7 TWh, a decline by 1.1 TWh.

Industry used 49.5 TWh, or 2.0 TWh more
than the previous year. In the food and timber pro-
cessing industries, the consumption fell by approx.
2.3 %.

The pulp and paper manufacturers, the most
energy-intensive industry in Sweden, increased
their annual consumption by 2.7 % to 19.1 TWh.

The rail and tramway sectar increased its elec-
tricity requirements by 4.2 % to 2.6 TWh.

The electricity consumption in the housing,
service and heating station sectors rose to 73.5
TWh, which is 0.1 TWh less than the previous
year.

The extent of power exchange with neighbour-
ing countries was less than in 1993, Sweden ex-
ported 6.4 TWh and imported 6.7 TWh, producing
an import surplus of 0.3 TWh.

The year’s single-hour peak was 24.4 GWh/h,
which was recorded on 14 February between 8 and
9 a.m.

Thus, the all-time-high (26.2 GWh/h) recor-
ded on the extremely cald day on 12 January 1987
remained unchallenged.

Sweden

| Krangede

Power Station
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Reactor | at Oskarshamn
had a major overhaul in
1994 and is expected back
in operation in spring 1995

ELECTRICITY SUPPLY
The total electricity output declined to 137.7 TWh,
or 3.4 TWh less than the previous year.

Hydro power stations generated 57.9 TWh, 5.6
TWh below the mean annual ourput level, and
15.4 TWh less than the 1993 output. The water in-
tlow, in particular in the late months of the year,
was far more limited than in 1993, The annual in-
flow rate was 90 % of the mean annual flow level.
The reservoir rare at the end of the year was 51 per
cent, equivalent to an energy value of 17.2 TWh.

The ourput generated by nuclear power stations
rose to 70.2 TWh in 1994, an increase by as much
as 1 1.3 TWh compared with the year before. In view
of the relatively limited water inflow to hydro power
stations in 1994, the higher nuclear power output
was invaluable for Sweden’s electricity supply.

The Oskarshamn 1 nuclear reactor was shut
down for continued overhaul in 1994. Otherwise,
there were few unplanned stoppages.

The energy availability rate was 79.9 %, which
compares favourably with a world average of 69.85 -
74.5 % during the past 10 years for light-water
reactors (the reactors of the former Soviet Union
are not included in the weighted world tariff). Of
the Swedish reactors, Forsmark 3 recorded the
highest availability rate at 93.5 %, followed closely
by Forsmark 1 at 92.6 % and Ringhals 3 at 91.7 %,
helping the Forsmark Power Group as well as Ring-
hals Power Station break their annual outpur re-
cords in 1994,

Back-pressure generation rose to 8.6 TWh, an
increase of 0.6 TWH compared with 1993. The
output from condense plants, gas turbines, etc. rose

0.5 TWh to 0.9 TWh.

¥ DUO ‘0LOHd

Klippens hydro power station was completed in
1994 (27 MW), and a capacity improvement was
commissioned at Ringhals 1 (40 MW).

Five combined heat and power stations were
also completed in 1994, including Linképing (50
MW), Enkdping (22.5 MW) and Kristianstad (15
MW). All new CHP plants can be fuelled by wood.

The wind power output was expanded by means
of new rurbines generating 9 MW.

In 1994, the total growth in generating capacity
was 203 MW.

MAIN GRID AND INTERNATIONAL LINKS
The line section between Horred and Breared, the
first stage of the new 400 kV west-coast line, was
put into service on 16 November, The project in-
cluded renovation and capacity extension at the
switchgear stations at Horred and Breared. The sec-
ond stage, including continuation of the line to Sé-
derfisen, is in the process of construction.

The Kilanda 400 kV transformer station was
extended with capacity for two new lines; two reac-
tors with a total capacity of 125 Mvar were com-
missioned at Lasele; and, at Kolbotten, the renova-
tion works continued during the year.

The last station with serial capacitors, which
contain the eco-toxic substance PCB, was reno-
vated. The station, located at Stide, was back in
operation on 1 November. The project to renovate
the switchgear and monitoring systems at Grund-
fors was completed, and the new monitoring system
at Stadsforsen was commissioned in December.

The renovation project at the 400 kV switch-
gear station at Kilforsen was completed. The up-
grading included installation of a new monitoring



Baltic Cable, the 600 MW power link between Southern Sweden and Germany was completed in 1994 and

opened for commercial operation on | January 1995

system, and, as the last station in the 400 kV grid,
Kilfors was equipped with double line protection.

The central previously located at Hamra, which
monitored several of the 400 kV stations in eastern
Svealand as well as the Fennoskan HVDC cable,
was maved to Ricksta and is now operated by
Svenska Kraftniit.

The Baltic Cable for transmission between
southern Sweden and northern Germany was com-
pleted and inaugurared on 1 December. The cable,
having a transmission capacity of 600 MW, is
owned jointly by PreussenElektra, Sydkratt and
Vattenfall.

ELECTRICITY PRICES
In view of developments in the Swedish electricity
market during the past few years, a uniform electri-

city price cannot be reported. Already betore the
deregulation has been formally implemented, the
suppliers have commenced adjustment to the ex-
pected market reform. Therefore, all contracts for
electricity supplies are preceded by negotiations on
prices and other supply conditions, thus creating a
highly fragmented pricing picture.

In the tax area, the Parlinment decided in 1993
to raise energy taxes according to an index based
on the general trend of prices in the twelve-month
period October-October. Within this framework,
the Parliament has raised the energy tax on electri-
city to 0.09 and 0.037 SEK/kWh from 1 January
1995. The low rate will be charged in Norrland,
whereas the high rate will be payable in the rest of
the country.
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Nordic Main Grid

The backbone of Nordic electricity collaboration

Growing
competition
in internation-
al electricity
supply.

Power transmission grid

INTRODUCTION
Smoath operation of the Nordic main grid is the
technical precondition for the reliable supply of
electricity and a high standard of supply quality.
The expanding scope for free competition in elec-
tricity exchange and generation has increased de-
mands on the main grid.

The Nordic main grid is comprised by the nati-
onal transmission systems of Denmark, Finland,

Norway and Sweden and several interconnecting

links, which bind the grids into one continuous sys-
tem. The main grid is operated at high volrage
levels, mainly 400 kV and 300 kV, and the voltage
range between 220 kV and 110 kV to some extent.
The main grid integrates electricity generation
and consumption. At the same time, the intercon-
nected Nordic grid enables operators to take ad-
vantage of the economic, supply security and en-

vironmental benefits offered by cooperation be-
tween the different generating plant systems in the
Nordic power sector.

Until recently, the main grid was considered an
integral part of the power generating system. In the
past few years, however, new trends such as those
inspired by the EU proposal for a single energy mar-
ket have induced changes in the electricity supply
structure in many countries. Electricity trading and
generation are increasingly based on free competi-
tion as well as the separation of generating, trans-
mission and distributing functions. Combined with
the rising public interest in electricity supply issues
and their environmental impact, this has led to or-
ganisational changes and motivated new legislation
in several Nordic countries.

Growing internationalisation as well as new de-
velopments in HVDC transmission technology have



also boosted interest in establishing new cable links
berween Nordic countries and other parts of Europe.

These patterns of change are accompanied by
new and important challenges for future planning
and utilisation of the Nordic main grid.

THE MAIN GRID:TECHNICAL DESIGN

The current Nordic main grid consists of approx.
75,000 km of line sections. About 17,000 km are
400 kV lines, about 13,000 km are 220-300 kV
lines and about 45,000 km are 110-150 kV lines.

The Nordic main grid and collaboration have
been developed steadily ever since 1914, when the
first transmission link between Sweden and Den-
mark was put into operation. The present structure
of the main grid is indicated by the map on page 42.

The narional transmission grids and intercon-
necting links between them make up the electricity
sector infrastructure, which plays a key role in the
power supply system. Since 1972, the transmission
grid has been designed according to common Nor-
del dimensioning rules, which ensure sufficient grid
strength under normal operating conditions, as well
as in rare cases when adverse combinations of events
place system security at risk. The common Nordel
rules help ensure that systems are restored quickly
when faults occur.

The total transmission capacity of the intercon-
necting links berween the countries is approx.
6,000 MW, equivalent to approx. 7 % of the rated
generating capacity of the Nordic countries. The
rotal transmission capacity between the Nordel re-
gion and neighhouring countries is currently ap-
prox. 3,000 MW, but considerable expansion is on
the way. The figure below illustrates developments
and variations in the exchange of electricity over a
span of about 20 years.

Interconnecting different systems provides

TWh

several advantages, but also means inter-dependen-
cy. System reliability is regulated by technical re-
commendations, and a reasonahle distribution of
the burden is taken into account.

The technical requirements defined for the de-
sign of power stations are based on system-related
conditions as well as local needs. The requirements
are set out in Nordel’s technical performance speci-
fications for thermal power stations. These specifi-
cations can be considered a “non-discriminatory”
requirement for the connection of power stations.
The system-related part of the requirements is
closely correlated with the frequency-induced
disconnection of consumers at distribution level
and the protective systems of the transmission grid.
The requirements are also closely tied to the possi-
bilities of frequency-induced power regulation for
HVDC links to neighbouring regions.

Coordinated adjustment of the power regula-
tion of the many existing and planned HVDC links
ensures that they do not counteract each other, and
that faults in neighbouring regions do not influence
the dimensions of the Nordel system.

Hydro power and thermal power stations have
highly different regulating properties and opportu-
nities for output change with different riming re-
quirements. The favourable properties of hydro
power stations have helped bring about substantial
savings in thermal power systems over the years,
Conversely, the energy potential of thermal power
stations has provided substantial savings on dry-
year protection for hydro power systems. The varia-
tions in the mean annual output of hydro power
systems are considerable from one year to another.

The necessary reserves are split between the
Nordic countries in such a way that the costs to
each subsystem are limited.

The generating systems of the Nordic countries
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have traditionally been developed to provide the
capacity necessary for their own consumption, and
to provide some degree of supply reliability. How-
ever, the new market-orientation may have the con-
sequence that as measured by traditional standards,
there will not be sufficient equilibrium between
output and consumption in the Nordic countries at
any time. The reason is that generators are not
likely to invest in new generating capaciry until
prices have reached a level high enough ro cover
their investments and a certain rate of profit via
long-term contracts.

In the traditional system, an imaginary inter-
ruption of the links to neighbouring regions would
not lead to an immediate breakdown in supplies,
but “only” to more expensive electricity, reduced
reliability of supply and inferior standards of supply
quality. Acquiring generating plants in neighbour-
ing regions would, however, make new demands on
the transmission grid in order to maintain the same
availability of capacity o the generating plants, ir-
respective of their geographical location. Like dams
and power station sites, overhead line tracks are a
resource in scarce supply.

THE MAIN GRID: ORGANISATION, OWNER-
SHIF, EXCHANGE AND TARIFF CONDITIONS
The European energy sector is currently undergoing
a process of rapid change. Two of the underlying
factors are the liberalisation measures contempla-

ted by the EU and the deregulation which has al-

ready started in some countries.

In the Nordic region, Norway liberalised the elec-
tricity sector with effect from 1 January 1991, and
Sweden and Finland have proposed new electricity
legislation, similar in many ways to the Norwegian
reform,

In the transmission sector, there are still vast
differences between the countries as shown by the
table below.

The table demonstrates that ownership struc-
ture and organisation vary widely from country to
country; the national legal frameworks, including
concession issues, are also different.

Nordic electricity collaboration is based on a
framework in which the Parliaments have sovereign
authority, whereas generators and other operators
have decision powers in relation to their owners.

The following pages give a more specific review
of conditions in each of the Nordic countries. The
feature article in the 1993 annual report presented
a detailed account of ownership and organisational
structure in the respective countries. The following
review is a supplement to that report.

DENMARK
Generators (above 25 MW) and grid operators
(above 100 kV) are subject to 20-year concessions.
International links and distribution are covered by
other parts of the Electricity Supply Act. Conces-
sion holders are subject to supply obligations.
System liability, including power transmission
functions, are handled by the planning, operating
and coordinating utilities ELKRAFT and ELSAM,

Finland IVS/TVS **) Generators National no
generating (present)
optimisation **%) VS f‘rvs *#)

(Bill)++)

Iceland Landsvirkjun Landsvirkjun Centralised Landsvirkjun
aptimisation

Norway Sratnett Statnett Pool Statnett

(appmx. 80%) (major links)
(wiﬂbcxepiiaﬂ&)



which are owned by the generators. Distributors
have direct influence on the control of the EL-
KRAFT transmission grid.

The transmission grids, including interconnect-
ing links, are owned by ELKRAFT and ELSAM.
The 132 kV erid is owned by the distributors on
Zealand, whereas the 150 kV grid is owned by the
generators on Funen and in Jutland. ELKRAFT
and ELSAM are in charge of load dispatch, with
considerable respect paid to supplies of cogenerated
heat and power, as well as power sourced from
small-scale plants and wind turbines. ELSAM'’s grid
is synchronously linked with the continental
UCPTE-grid.

Denmark has no pool functions or public tran-
sit tariffs for the transmission grid, nor published
conditions for connection to the grid. However,
sales tariffs are public. The authorities have the
right to insight into the matter, and the price for-
mation process is partially public. Generators can
he ordered to use special fuels or technology (for
example cogeneration of hear and power). There
are no restrictions on trading with foreign partners.

Bottlenecks in the transmission grid are elimi-
nated by the decision of the Boards of ELKRAFT
and ELSAM, respectively.

In February 1995, the Ministry of Energy and
Environment issued new rules, according to which
a number of the existing 132 - 150 kV transmission
lines will be dismantled and incorporated in fewer
400 kV line avenues. The rules are also expected to
result in the replacement of the existing 50 and 60
kV overhead lines by underground cables. The
principal aim of the new rules is to reduce the im-
pact of overhead lines on the natural environment.

FINLAND
Today, all sales of electricity must be based on con-
cessions.

A new Electricity Act, expected to come into
force on | June 1995, will incorporate rules for
third-party access to the grid for consumers re-
quiring more than 0.5 MW during a transition peri-
od as well as free choice of supplier. Concessions
will be required for grid operators, but no longer for
distributors. Generating plants will be subject to
approval according to environmental and other
legislation, but not based on assessments of electri-
city demand. Distributors will be granted concessi-
ons for a limited geographical area and be subject
to obligations of supply. Distributors must make a
supply offer to all customers in a neighbouring area.
Sales tariffs must be published.

In 1992, transmission activities were separated
from the state-owned IVO group of companies into
an independent subsidiary, IVS, which manages
more than half the transmission grid above 100 kV
(90 % of 400 kV, 75 % of 220 kV and 35 % of 110
kV). About 20 % (of which 10 % is 400 kV) of the
grid is administered (owned) by the industrial

company, TVS, whereas the remaining 30 % is
owned by approx. 50 other operators. The existing
international links are owned by the IVO genera-
ting company.

According to the new Electricity Acr, transmis-
sion tariffs and terms must be available to the pub-
lic. Pricing and marketing agreements in restraint
of trade and abuse of a dominant position are pro-
hibited under the Competition Act. Pricing must
be transparent, but regulation of generation, distri-
bution and international trade will be reduced.

The new act will impose system liability on the
central transmission companies. The transmission
grid must provide access for third parties against
reasonable compensation. The two transmission
companies with system liability will be responsible
for eliminating bottlenecks in the grid.

A pool system is not incorporated in the Bill.

ICELAND
Concessions are issued for generation, transmission
and distribution.

The grearer part of generating activities are
handled by the Landsvirkjun utility, owned by the
state and two large municipalities. Landsvirkjun is
also responsible for supplying large industrial custom-
ers, and selling electricity wholesale to the large
distributors according ro public tariffs. In addition,
Landsvirkjun operates the main transmission grid
and is thus holder of the system liability.

The distributing companies in Ieeland are
either owned by the state or municipalities or by a
combination of both. Each company has a mono-
poly right of distribution in its region, and the sales
tariffs are public.

lceland is without electricity links to other
countries, but despite the long distance to Europe,
plans are being prepared for HVDC cables to Scot-
land or the Netherlands. The attraction of these
projects is derived from Iceland’s relatively large
and cheap hydro power projects. It is estimated
that only 13 % of the country’s hydro power poten-
tial and geothermal resources are developed today.
Future plans for a larger electricity market in lce-
land include new markets such as more large indu-
strial plants.

NORWAY

Since the new Electricity Act came into force in
1991, the Norwegian electricity sector is among the
most liberal in the world. However, the ownership
structure has not changed very much, and there has
been no privatisation of either generators or grid
operators, which remain in public hands primarily.
The organisational structure was changed, as the
government split the state-run company, Statkraft-
verkene, into a generating entity, Statkraft SE and
a grid operator, Starnett SE Statkraft is the largest
generator, accounting for approx. 30 % of Norwe-
gian electricity generation, Statnett is responsible
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tor the central grid scheme (the transmission grid)
including system liability, and is also responsible for
planning, expanding and operating the state-owned
part of the grid. Through the central grid scheme,
Statnett rents capacity on the approx. 20 % of the
transmission grid which is owned by a total of 33
other operators. Statnett is also responsible for the
administration of short-term international electri-
city exchange. Pool trading is handled by its subsi-
diary Statnett Marked AS,

Very few of the other electricity companies
have been split into separate entities for grid and
generation/distriburion, However, the authorities
demand that accounts he kepr separately.

Norway has had pool trading in electricity
since 1971, but trading was reserved exclusively for
generators until 1992. Today, the pool is open to all
participants in the electricity sector, and operates
on three markets: a daily market, weekly market
and regulating power market. The regulating power
market is an instrument available to holders of sy-
stem liability to ensure balance between supply and
demand.

All players have unrestricted third-party access
to the grids. Distributors are liable to connect con-
sumers, but they have no obligation to supply
them. Competition in the end-user market was
sharpened as from 1 January 1995. There is no
longer an hourly metering requirement for subseri-
bers who want supplies from a source other than
their local distributing company, and the charge for
switching to an alternative power supplier has been
reduced to NOK 200.

Transmission services are paid for by means of a
point tariff system. Tariffs are not based on the dis-
tance between supplier and consumer, but depend
on the marginal loss related o feeding and take-
out. Bortlenecks in the grid are handled by creating
a separate price area behind a bottleneck. The elec-
tricity price of such an area will be different from
that of the rest of the country, and marker forces
will control the production behind the bottleneck.

International electricity exchange is subject to
regulation. Long-term contracts (for more than six
months) have to be sanctioned by the Ministry of
Industry and Energy. Short-term trading is given
special concession and have to take place on the
daily and weekly markets. Agreements have been
entered into for direet HVDC cables to Germany
and the Netherlands, with atrached supply agree-
ments. In addition, negotiations are being condu-
cted for further cable agreements. These agree-
ments will require substantial reinforcement of the
grid in southern Norway.

The Norwegian Water Resources and Energy
Administration (NVE) plays a major role as the
authority which grants concessions, defines the
premises and controls the grid monopoly. In addi-
tion, power generation and sale are monitored
through the general compertition legislation.

SWEDEN
Sweden has regional concessions with supply obli-
garions (distribution) and line concessions (trans-
mission).

Power transmission is handled by Svenska
Kraftnit, which has been separated from Vattenfall
into an independent company as a restructuring
measure. The company holds the system liability,
and has an obligation to make transmission capaci-
ty available on non-discriminatory terms. The con-
cept of system liability embodies management of
the short-term power balance, comprising all gene-
ration and consumption, independent of voltage
levels, and safe and reliable transmission of power
on the main grid as well as the international links.

Svenska Kraftnit has therefore been given the
right to define specified requirements for electricity
systems, where this is considered necessary. For
example, the technical conditions for connection
include specifications for all systems connected to
the main grid. Bottlenecks are eliminated through
counter-purchase, which gives virtually endless grid
strength.

Svenska Kraftnit owns all of the 400 kV grid
and almost the entire 220 kV transmission grid, as
well as the majority of the international links. [t
has a right of access to the remaining parts of the
transmission grid. Vattenfall and Sydkraft have a
right of access to a couple of the interconnecting
links with other countries. Transit and connection
tariffs must be published. Electricity is traded by
agreements between generators, distributors and
large customers.

The new Electricity Act, which was intended
to come into force on 1 January 1995, has been
postponed pending new fact-finding reports. The
goal is to create a more competition-driven electri-
city market like the Norwegian system, for
example. This means that the Acr will include ele-
ments such as third-party access and free supplier
choice. The feasibility of establishing a pool in
Sweden, or possibly a joint pool with Norway, is
being studied.

In connection with the new Electricity Act, it
is the intention to introduce a new tariff for main
grid transmission. [t will probably be a point rariff,
with rates based on distance and favourable terms
for feeding in Southern Sweden and take-out in the
North.

Svenska Kraftniit’s system liability and the new
tariff became effective on 1 January 1995, and are
thus not affected by the postponement of the new
Act.

THE MAIN GRID: NEW OPERATING
CONDITIONS, DEVELOPMENT TRENDS AND
SCOPE FOR ACTION

The challenge in coordinating development is close-
ly related to the conditions under which the main
grid, as well as the whole generating sector, operare.
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Existing and planned interconnecting links in the Nordic region

In addition to the separation of generating, transmis-
sion and distributing functions, the trend is moving
towards increased international contact and trade
between the Nordel region and other countries.

The Nordic countries have different legislative
framewaorks, reflecting a variety of development
trends, but the systems are tied by the same physi-
cal laws of narure. Agreements can be made on
payment conditions, but no one can agree to de-
cide how electricity runs in an AC grid. The parlia-
ments have sovereign authority in their countries,
whereas operators in the electricity sector have de-
cision-making power within their own entities.
The participants depend on their neighbours, deci-
sions have impact on them, and, frequently, the
whole Nordic system is affected directly or indirect-
ly. This inter-dependence necessitates a constant
dialogue between generators, grid operators and
consumers.

Strong, contradictory interests are involved:
Society, power sector and manufacturing industry
(prices and price stability), consumers (prices, relia-
hility and quality of supply) and environmental bo-
dies (air and countryside). Ideologies may clash as
well: collaboration vs competition, with or without
regulation or central control, for instance, by
means of Integrated Resource Planning.

Changes are introduced frequently in all coun-
tries, at organisational and regulatory level. Com-
petition is growing on narional and international

markets, also due to new cross-border ownership
constellations. _

Public interest in electricity issues and their en-
vironmental impact is growing, but there is also a
more responsive dialogue hetween electricity sup-
pliers and authorities. The authorities’ demand for
“insight into price formation” is constantly increas-

The outcome of this process has been different
ways of allocating responsibility for system stability
and supply security in the respective countries. The
basic prerequisite is a developed and relatively
strong transmission grid, which provides scope for
collaboration and trade.

Trading patterns are changing; for example,
part of the bilateral exchange of occasional power
is being replaced by pool trading complemented by
long-term contracts. Bilateral trade is replaced by
trade between more parties, who are not necessarily
neighbours. A larger number of permanent con-
tracts are cutting into the amount of power avail-
able for occasional power exchange. Thus, the in-
creasing amount of trade has emphasised the im-
portance of expanding the main grids of the respec-
tive countries, as well as the interconnecting links
between them.

The article has been written by Ole Graabaek in coope-
ration with Nordel's System Committee and Netwaork
Group
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DEFINITIONS

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

Transmission capacity: s 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): Is usually
given in GWh and represents the output ex works,
i.e. excluding own production at power station.

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

Combined heat and power (CHP): |s the genera-
tion of electric energy by a generator set driven by
steam which, when discharged from the rurbine, 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 sertled values which (inclusive of compensa-
tion of loss) are registered as purchases and sales of
electriciry berween the individual countries. Net
mponts: Is the difference between imports and ex-
ports.

Nates:
The Norwegion share of Linnvassely s considererd as expors from Sweden to Norway.
The German shure of Enstedvierker i comsadered i exporms trom Denmark ro Germany,

Total consumption: Is 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): Is 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: Is given in GWh and is
the electrical energy consumed by the pumps in
raising the water into the upper reservoir.

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

UNITS AND SYMBOLS
kW  kilowart

MW megawart = 1,000 kW
i joule

k] kilojoule

PJ petajoule = 10" ]

kWh kilowatt-hour = 3,600 k]

MWh megawatt-hour = 1,000 kWh
GWh gigawatt-hour = 1,000,000 kWh
TWh terawatt-hour = 1,000 GWh

Alternating curent (AC)
Direct current (DC)
Data are nonexistent

Data are too uncertain

0 Less than 0.5 of the given unit
- No value
EXAMPLE OF CALCULATION:

Electricity generation
+ lmports
- Exports

Total consumption
- Occasional power to electric boilers

Gross consumption
- Losses, pumped storage power etc.

Net consumption

Anne-Marie Volt - SK Power Company, Denmark
R F bl forthe individual cowntries’ statistical Eﬁ Thatibh
Lisherh Perersson - The Association of Danish Eleetric Utilities, Denmark
Terho Savolainen - The Association of Finnish Electric Utilities, Finland
Rutdr Halldérsson - The leeland Energy Agency, lceland

Ame Hjelle - Statnert Marker, Norway
Gunilla Kierkegaard and Yngve Wending - Vattenfall AB, Sweden
The present statistics were prepared before the 1994 official statistics for
the individual countries have become available. Cereain figures in the
Annual Report may thus differ from the official statistics.
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S| Installed capacity 31.12.1994, MW

Total installed capacity 1994 10342 14 525 35037 88 376
Commissioned in 1994 92 209 2 202 203 | | 708
Decommissioned in 1994 76 o — e = 144
* Hydro power 10 2802 875 27 144 16502" 47333
* Nuclear power 2310 10 040 12 350
Other thermal power 9794 9408 121 278 8457 28 058
Of which:
Condense 83392 3673 . 78 2740 14830
CHP District heating 701 2867 . . 3143 6711
CHP Industry 195 1 990 165 636 2986
Gasturbine etc. 559 878 121 35 1938 3531

* Other renewable power 538 5 50 4 38 635
Of which:

Wind power 538 5 4 38 585

Geothermal power . . 50

S2 Average-year generation of hydro power | 994, GWh

Average-year generation 1994 - 12 530 4950 111697 192 777
Average-year generation 1993 - 12530 4950 111183 63 500 192 163
Change = = = 514 100 614
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S3 Changes in installed capacity 1994

Denmark
Condense Masnedevarket 75 CoallOil

CHP District heating _ Hanstholm 5 Natural gas
* Wind power ELSAM 12

Finland
Condense
CHP District heating

Norway
* Hydro power Fossheimfoss

=4
2

Sweden
® Hydro power Klippen 27 97

* Nuclear power R}nghalsl 46 duatnl
CHP District heating  Link&ping 50 L Waste, refuse

* Wind pawer Div. vindlrsfey. 9

39



S4 Decided power plants (larger than 10 MW)
mMw Year GWh

CHP District heating

394 1997
385 1998
102 1995
52 1996
80 1995
38 1995
37 1995
12 1995
10 1996

Finland
“ Hydro power

25 1995 20
[Matarakoski 1 1995 32

Vuotos 37 2001 430
CHP Industry Kyro 1995 Natural gas
199
1996
1997 Natural gas
1995  Peat
997 Natural gas

CHP District heating  Toppila 2 I

r S 888 s

g
i

1995
1995
1995
1996 ;
1998 251

* Hydro power

e as e
dely

Sweden

CHP District heating 34 1995 ‘Waod waste
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$5 Maximum and minimum load on 3rd Wednesday in January and in July 1994

 3L1294MW Localtime MaxMW Localtme MinMW Localtime MaxMW
0342 q-'F
Bl hielcsaistiale

14525
1046
- 27426
Sweden 35037
87330
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$6 Existing interconnections between the Nordel countries

k¥ MW km km

Denmark-Norway From Denmark To Denmark .
Tiele-Kristiansand 250/350 1 040 1 040 240/pol 127/pol
Finland-Norway From Finland To Finland

Ivalo-Varangerbotn 220~ 100 70 228

Denmark-Sweden ] From Sweden To Sweden

Teglstrupgard-Mérarp | og 2 132~ 3507 350 % 23 10
Hovegard-Séderasen | 400 ~ 800 % 8002 91 8
Hovegard-Soderasen 2 400 ~ 800 ¥ 800 % 91 8
Vester Hassing-Gateborg 250 = 250 270 176 8
Vester Hassing-Lindome 285 = 380 360 149 87
Hasle (Bornholm)-Borrby 60 ~ 60 60 48 43
Finland-Sweden From Sweden To Sweden

Ossauskoski-Kalix 220~ 1 . ! 93 -
Petijiskoski-Letsi 400 ~ :l 900 ] 700 230 .
Keminmaa-Svartbyn 400 ~ . 134 3
Hellesby (Aland)-Skattbol 70~ a5 35 77 56
Raumo-Forsmark = 500 500 235 198
Norway-Sweden From Sweden To Sweden ___

Sildvik-Tornehamm 132 ~ 125 125 39

Ofoten-Ritsem 400 ~ 550 550 58

Rossiga-Ajaure 220~ 250 ¥ 250 9 17

Linnvasselv, transformator 220/66 ~ 50 50 0

Nea-firpstrémmen 275~ 450 ¥ 450 ¥ 100

Lutufallet-Héljes 132 ~ 40 20 I8
Eidskog-Charlottenberg 132~ 100 100 13

Hasle-Borgvik 400 ~ ] ] | S, 106

Halden-Skogssiter 400 ~ | 800 ¥ | 1800 135

S7 Existing interconnections between the Nordel countries and other countries

kv MW km km

Denmark-Germany From Nordel To Nordel

Kasse-Audorf 2 X 400 ~ : o 107
Kassa-Flensbiirg 220 - :| 1 400 :I 1400 40
Ensted-Flensburg 220~ | : 34
Finland-Russia _ From Nordel “To Nordel

Imatra-GES 10 110~ . 100 20
Yllikkali-Viborg +85 = . 900 :
Nellimé-Kaitakoski 1o~ 60 60 20
Norway-Russia From Nordel To Nordel ‘
Kirkenes-Boris Gleb 154 ~ 50 50 10
Vastra Karrstorp - Herrenwyk 450 = 600 2 600 % 250 220
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S8 Decided interconnections

KV . MW km km Year

Denmark-Germany
Bjzverskov - Rostock 400 =

Denmark-Denmark
Elsam-Elkraft 400 =

600 181 166 1995

min 600 approx 550 2001

Norway'-Germany® 400 - 500 = min 600

S9 Transmission lines | 10 - 400 kV in service Dec. 31, 1994

Iceland 492 1315
57829 10 300
46217 15000

Norway
Sweden
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S10 Total electricity generation within Nordel 1994

Other renewable power 0.4%

Other thermal power 22.2%

—— Hydro power 52.5%

Nuclear power 24.9%

S1 1 Electricity generation 1994, GWh

Total generation 1994 62108 774 113 528 137 656 356110

* Hydro power 28 11 669 4510 112908 57 883 186 998

* Nuclear power : 18 337 3 ; 70151 88488

Other thermal power 36933 32095 4L | 613 9 547 79 192
Of which: |

Cisions %30 12000 1o 850 49311

CPH District heating 10461 4608 15 069

CPH Industry 601 9615 J 341 14 564

Gasturbine etc. - 9 4 153 82
* Other renewable power 3 1083 7 20 7 B am
Total generation 1993 31882 58 005 4720 120 205 141 062 355874
Change as against 1993 193% 70% | D% s a4% 04%

45



S12 Monthly electricity generation

46

and gross consumption 1993 -1994, GWh

=== Gross consumption
¥ Generation by hydro power
¥ Generation by nuclear and other thermal power
' Generation by wind power
or by geothermal power (lceland)

Denmark

8000

6000

4000

2000

o %A I I_I_I e o 8
JFMAM) JASOND | FMAM] JASOND
1993 1994

Norway

16000

14000

12000

10000

8000

4000

2000

JFMAM) JASOND ) FMAM) JASOND
1993 1994

500

400

300

200

100

8000

6000

4000

2000

16000

14000

12000

10000

8000

6000

4000

2000

Iceland

JFMAM)] JASOND | FMAM] JASOND
1993 1994

Finland

JFMAM)] J ASOND ) FMAM) JASOND

1993 1994

Sweden

JFMAM) JASOND ] FMAM) | ASOND
1993 1994



S |13 Water reservoirs 1994 B Water resevoirs 1994 shown in %
Norwegian data given from 31.7.1994

" Water resevoirs 1993 shown in %
Norway: Average 19821991

¥ Minimum and maximum in %
Finland The values are given by data which have

. been recorded the post |0-14 years
% 100 —

20 Resevoir capacity
01.01.1994: 4 900 GWh
10 S 31.12.1994: 4 200 GWh
which have been recorded |984-1993
Norway
% 100
90
80 /

70 N /
&0 N\ S [
B NN
0 N //
0 NN/
S

20

capacity
31.07.1994: 77 032 GWh
10 31.12.1994: 77 073 GWh

Minimum and maximum values from data
which have been recorded 1982-1991

Sweden

% 100

rcapociy
01.01.1994: 33 550 GWh
31.12.1994: 33 550 GWh

Minimum and maximum values from data
which have been recorded 1980-1993
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S 14 Exchange of electricity 1994, GWh

e TTY

1269 —+
——94 —— 4904

B ) |‘;1;_:*0

TJos'L—f;,,ﬁu

L= 2
2383 20142
285 ! OF which 1216 GWh to Gerrmany
10 % Of which 197 GWh to Norway

6o, ]

S15 Imports/Exports 994, GWh

Denmark 2306 1933 2383 6622
Finland A 291 298 : 589
Norway 932 | L 443 5363
Other countries " 166 5027 0 13 1 5206
¥ Imports 47 6674 3609 24201

Total imports 1994 1779 6692 5447 6674 20 592
Total exports 1994 6622 3 5 42
Net imports -4 843

Net imports/ o o T Tl
Gross consumption -14.6% 9.0% 0.1% 0.2% 0.5%
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S16 Exchange of electricity 1963 - 1994, GWh

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

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

1963

1970
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S17 Monthly exchange of electricity between the Nordel countries | 994, GWh

To To
Norway « - Finland

To To
Norway + -+ Sweden

- To To
Sweden +« -+ Finland

Jan
Feb
Mar
Apr
May
Jun

To To
Denmark + -+ Sweden
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S 18 Net consumption distributed on consumer groups in 1994 ® Domestic, commercial etc.
B Industry
B Traction

Denmark Finland Iceland

W68% MW30% W2% W44% MW55% M 1% B 32% M66% M2%

Norway Sweden Nordel

W55% M44% W% m59% M39% M2% W56% WMA43% W%

S19 Electricity consumption 994, GWh

Total consumption 33201 68211 4774 113612 137909 357707
Occasional power to electric boilers ; 82 237 5315 4081 9715
Gross consumption 33201 68 129 4537 108 297 133828 347992
Losses, pumped storage power etc. 2329 2789 484 10 407 8248 24 257
Net consumption 30872 65 340 4053 97 890 125580 323 735
Of which:

Domestic, commercial ete. 21 069 28 870 | 296 54 377 73 490 179 102

Industry 9 206 35990 2677 42 853 49513 140 239

Traction 597 480 80 660 2577 4394
Average population 1994, mill. inh. 5.2 L 0.3 43 88 23.7
Gross consumption per inh., kWh 6 385 13 359 15123 25 185 |5 208 14 683
Gross consumption 993 33071 65 398 4 501 104 103 133017 340 090

Change in gross consumption
as against 1993 0.4% 4.2% 0.8% 4.0% 0.6% 2.3%
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320 o N Sweden
Gross consumption 120
1985-1 994, TWh Norway
100 #
80
Finland
- /é
40

———————— T ——— Benmark

20

lceland

kWh
S2i
Gross consumption

- . N
per inhabitant ik M"’ o

1985-1994, kWh

20 000

e, 5020
15 000 Sweden
ﬂ S

# Denmark
5000

10 000

$22 Pl

Total energy supply 1600 e — S WeiE
1985-1994, P 1400

1200

1000 Finland
Norway
800 Denmark

600

400

200

—— ~ lceland
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$23 Total consumption 1994, GWh

Generation 1994 62 108 113528 137656 356 110
Net imports 1994 4843 6103 1 8 253 1597
Total consumption 1994 3201 682l 4774 N3en 137909 ‘ 357707
Generation 1993 31882 58 005 4720 120205 141062 355874
Net imports 1993 1189 7540 S 4 > TR )
Yotah consumption 1993 3071 65545 4720 112414 140441 356191
Change in total consumption 0.4% 4.1% 11% 1.1% -1.8% 0.4%

$24 Distribution of total consumption on energy sources |994 and prognosis for 1997, TWh

TWhlyear
% Hydro power
140 _—
¥ Nuclear power —_—
W Coal
. Oil
120 Natural gas
Biofuels
© Wind power
B  Geothermal power
100 ¥ Net imports
(Positive value)
Net exports
{Negative value)
80
60 2
40 —
20
0 B BN
-20
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S25 Gross consumption in 1994 and prognoses for 1997 and 2000, TWh

S$26 Peak load demand in 1994 and prognoses for 1997 and 2000, MW

nmm 729 19786 63611
1997 ?il m 13000 m 20 660 28 000 70 265
2000 8251 13 900 783 21 500 29 100 73534

$27 Installed capacity in 1994 and prognoses for 1997 and 2000, MW

mﬁ _ 88376
1997 DM" ,7;!255-4!1& 1 042 - 27565 35 600 89 691

2000 16 200 91 452
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Environmental information

In the Nordic countries' objectives for the energy field, and
especially the electrical energy field, a grear and still increa-
sing importance is being attached to the concern for the
ENVITONment,

The reduction of the air pollution caused by the fossil-fired
power stations has for several years been given a high priority
in Denmark, Finland and Sweden, among other measures by
reducing the emission of sulphur dioxide (503).

The figure below shows the emission of SO, per produced
kWh in the mentioned 3 countries. Much work has been and
is still being done to reach very low values, and in Denmark,
where fossil fuels constitute the major part of the electricity

generation, a successful result has been a significant reduction
of the SO, emission

The means by which a reduction of the SO, emission,
among other things, has been obtained, are listed below:

B Desulphurization plants at large coal-fired power stations

B Use of low-sulphur coal and low-sulphur oil ar small
power plants

B Increased use of natural gas and renewable energy sources

Similarly, the power stations are working on reductions of
NQO, emission and other emissions.

$28 SO,- emission 1980 - 1993 and prognoses for 1994 — 2000

qty. g SO, per 7

produced kWh \
]

4 Denmark

\

Finland

L Sweden

In Denmark, Finland and Sweden the power stations cooperate on the generation of electricity
and heat. The curves shown above appear by distributing the emissions on electricity and heat
on the basis of the energy content of the two products: Annual SO, emission divided by the

sum of the produced kWh electricity and kWh heat.

55



56

Members of Nordel

T
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i

T

Denmanrk

Bendt Jargensen * Director, Kphenhavns Belysningsvasen

John Hebo Nielsen ® Commercial Director, ifs Sjellandske Kraftvaerker (Chairman of Nordel)

Preben Schou ¢ Managing Director, i/s Sjellandske Kraftvasrker
Georg Styrbro ® Managing Director, /S ELSAM
Jens O.Top * Managing Director, I/S Fynsvaerket

Finland

Kalevi Numminen ® resident and CEQ, Imatran Voima Oy

Kalervo Nurmimiki ® Vice-President, Imarran Voima Oy (Deputy Chairman of Nordel)
Seppo Ruchonen ¢ Managing Director, Teollisuuden Voimansiirto Oy

Harry Viheridvaara * Managing Director, Eldelegation

Iceland

Jakob Bjérnsson ¢ Director General, Statens Energistyrelse
Adalsteinn Gudjohnsen ® Managing Director, Reykjavik Elverk
Halldor Jonatansson ® Managing Director, Landsvirkjun
Kristjan Jénsson ® Managing Director, Statens Elvaerker

Norway

Odd H. Hoelsater * Managing Director, Statnett SF

Ragnar Myran  Managing Director, Trondheim Energiverk

Atle Neteland * Managing Director, Bergenhalvpens Kommunale Kraftselskap DA
Lars Uno Thulin ® Munaging Direcror, Statkraft SF

Sweden

Goran Ahlstrom e President and CEO, Sydkraft AB

Kjell Jansson ® Director General, Svenska Krafrniit

Claés Lindroth ® President and CEQO, Stockholm Energi AB
Carl-Erik Nyquist ® President and CEOQ, Vartenfall AB

Organisation




Executive Board

John Hebo Nielsen ® Commercial Director, ifs Sjellandske Krafrvaerker, Denmark (Chairman of Nordel)
Kalervo Nurmimiki ® Vice-President, Imatran Voima Oy, Finland (Depury Chairman of Nordels)
Jakob Bjornsson ® Director General, Statens Energistyrelse, Iceland

Odd H. Hoelszter ® Managing Director, Statnett SF, Norway

Carl-Erik Nyquist ® President and CEO, Vatenfall AB, Sweden

Oluf Skak * Head of Department, ifs Sjaellandske Kraftvaerker, Denmark (Secretary General of Nordel)

Operations Committee

Hans-Henrik Clod-Svensson ® Manager of System Operation Department, ELKRAFT, Denmark (Chairman)
A. Ring-Nielsen ® Senior Engineer, /S ELSAM, Denmark

Matti Kaisjoki ® Director, Operation and Transmission, Teollisuuden Voimansiirto Oy, Finland

Kurt Lindstréom ® Head of Department, Imatran Voima Oy, Finland

Orlygur Jénasson * Regional Manager, Statens Elvaerker, lceland (Observer)

Ole Gjerde ® Head of Department, Stametr SE, Norway

Jon Ingvalsen * Production Director, Statkraft SE Norway

Karl-Axel Karlsson ® Group Manager, Svenska Kraftniir, Sweden

Lars Wiklund * M. Sc. (Civ. Eng.), Vattenfall AB, Sweden (Secretary)

Gunnar Alfors * Production Director, Vattenfall AB, Sweden

System Committee

Lars Lorensen ® Deputy Director, NESA A/S, Denmark

Uffe Steiner Jensen * [lead of Department, I/S ELSAM, Denmark

Heikki Haavisto * Heud of Department, Imatran Voima Oy, Finland (Chairman)
Aappo Kontu ® President and CEO, TVS Teknikka Oy, Finland

Anders Wickstréom o M. Sc. (Eng.), Imatran Voima Oy, Finland (Secretary)
Edvard G. Gudnason ® Senior Engineer, Landsvirkjun, Iceland

Ivar Glende * Director and Power Systems, Statnetr SE, Norway

Kare Schjetne ¢ Direcror, Statkraft SE Norway

Per Lindell ® Director, Sydkraft AB, Sweden

Per-Olof Lindstrom ¢ M. Sc. (Civ. Eng.), Svenska Kraftnit, Sweden

Liaison Group
Oluf Skak ® Head of Department, ifs Sjeellandske Kraftvaerker, Denmark (Secretary General of Nordel)
Erkki Stam ® Head of Planning Department, Imatran Voima Oy, Finland

Oddmund Larsen ¢ Director, Statnett SF, Norway
Bo Wahrgren ¢ Vattenfall AB, Sweden

Nordel's secretariat

SK Power Company, Denmark
Strandvejen 102

2900 Hellerup

Denmark

Telephone  +45 39 47 39 47
Fax +45 3161 28 88 (Until 02.07.95)
+45 3947 3533 (From 03.07.95)

Oluf Skak ® Head of Department (Secrerary General of Nordel)

Dorte Agerbeck * Secrerary
Anne-Marie Yolt ®* Consultant
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Productio
Nordel's secretariat

SK Power Company, Denmark
Srrandvejen 102

DK-2900 Hellerup

Danmark

Design & Repro

Boje & Mobeck

Mynstersvej 5

DK-1827 Frederiksherg C
Denmark

Print

Ikast Bogtrykkeri
Strpger 40
DK-7430 lkast
Deneszed
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