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ordel, som ble stiftet i 1963, eren
N sammenslutning for nordisk
elkraftsamarbeide. Nordel bestir

av ledende personer innen kraftfor-
syningen i Danmark, Finland, Island,
Norge og Sverige. Nordel er et rad-
givende og rekommanderende organ
med formal & fremme internasjonalt,
forst og fremst nordisk samarbeide nér
det gjelder produksjon, distribusjon og
forbruk av elektrisk energi. Nordel har
folgende faste arbeidsoppgaver:

- & kontinuerlig folge utviklingen av
produksjon og forbruk av elektrisk
energi i de nordiske land.

- dsammenstille de enkelte lands prog-
noser for forbruksutviklingen og deres
utbyggingsplaner.

Island

- dulgien arsberetning som inneholder
oversikt over virksomheten innen
Nordel, de enkelte lands drsover-
sikter, spesialartikler og statistikk.

En stor del av Nordels arbeide ut-
fores av utvalg og arbeidsgrupper. Gjen-
nom disse er spesialister innen alle
omrader av elforsyningen tilgjengelig.
For innsamling av statistikk og annen
periodisk rapportering er det kontakt-
personerideulikeland. Innen Nordeler
det ogsé kontaktpersoneri mange inter-
nasjonale organisasjoner.

Nordels formann velges for en
periode pa tre ar. Formannsvervet sirku-
lerer mellom landene. Formannen ut-
peker sekretzer og er ansvarlig for sekre-
tariatet.
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Nordel 25 ar

ordel markerte 25 ars utbytterikt
N samarbeide i 1988. Disse sider
gir glimt fra den historiske utvik-
ling av det nordiske kraft-samarbeidet.
Sammenkopling av enkelte krafifor-
syningssystemer til et felles samkje-
rende system gir okt sikkerhet og lavere
omkostninger. Leveringsevnen fra det
samlede system blir sterre enn summen
av hva de enkelte delsystemer kan
levere alene. Disse gjensidige fordeler
har fort til store sammenhengende
samkj@ringsnett.
I Norden var og er viljen til samar-
beide over grensene meget sterk.
Dermed har det veert mulig 4 na sveert

1963-1988

langt i det nordiske samarbeidet innen
kraftforsyningen.

ordel celebrated twenty-five
N years of profitable cooperation

in 1988. These pages provide
some glimpses of the historical develop-
ment of Nordic electric power.

The linking of various electric power
systems 1o one cooperating system
means increased reliability and lower
costs. The supply capacity from the
coordinated system is more than the
sum of the capacity the individual
subsystems can supply alone. These

mutual advantages have led to large
cooperating networks.

In Scandinavia the will to cooperate
across national boundaries was and is
still very strong. This has made it
possible to go a very long way in Nordic
cooperation in the electric power
systems.

Foro: 8. E. Dahl/Samfoto.
Fra Nordels arsmate 1988 i Oslo.
From Nordel Annual Meeting 1988 in Oslo.




Nordisk kraftsamarbeide for
Nordel

Kraftsamarbeidet i Norden har lange
tradisjoner. Allerede i 1912 ble den
forste internordiske samkjeringsavtale
undertegnet. Det var Sydkraft i Malme
og NESA i Kebenhavn som ble enige
om at Sydkraft skulle levere overskudds-
kraft fra sine vannkraftverk til Sjilland. I
desember 1915 var en 25 000 volts kabel
mellom Skéne og Sjilland driftsklar og
det praktiske krafisamarbeidet startet
opp.

Utbyggingen av samkjoringssys-
temet kom for alvor igang fra slutten av
1950-tallet.

Utviklingen av nye samkjeringsfor-
bindelserhaddei1963 forttil at de lands-
omfattende samkjoringssystemene i
Finland og Sverige var sammenkoplet
med det danske nettet pa Sjilland og
med de fleste samkjoringsomridene i
Norge.

Den forsta internationella samkérningsfor-
bindelsen i Norden togs i drift redan 1915, Det
var en 25 kV sjgkabel mellan Sjilland och
Skane. Bilden visarkabelns utskeppning fidn
Helsingdrs hamn.

Kraftsamarbeidet i Norden var blitt
sa omfattende at det var nedvendig a
danne en felles samarbeidsorgani-
sasjon.

Nordic power cooperation
before Nordel

Power cooperation in the Nordic count-
ries has a long history. As early as 1912
the first cooperation agreement was
signed. It was Sydkraft in Malmé and
NESA in Copenhagen who agreed that
Sydkraft would supply surplus power
from its hydropower system to Zealand.
In December 1915 a 25000 volt cable
between Scania and Zealand was taken
into operation and practical power
cooperation was started.

The expansion of the interconnected
system gathered speed in from the end
of the 1950s on.

By 1963 the development of the new
links had meant that the nationwide

The first interconnection between two Nordic
countries started operations as early as 19135,
This was a 25 kV submarine cable between
Zealannd and Scania. The picture shows the
cable being shipped out from Elsinore har-
bour.

joint operation systems in Finland and
Sweden were linked up with the Danish
network on Zealand and with most joint
operation areas in Norway.

Electric power cooperation had
become so extensive that it became
necessary to form a organization for
Nordic electric power cooperation.

Etablering av Nordel

Under en samkjoringskonferanse i
Stockholm den 13.12.1962 ble represen-
tanter for de storre kraftselskapene i
Norden enige om 4 danne et nordisk
samarbeidsorgan pa elkrafi-forsynings-
omridet. Navnet ble Nordel, og det var
enighet om de prinsippielle retnings-
linjer for det nye organet.

Nordisk Rad ble underrettet om
beslutningen og ansd at denne var i
overensstemmelse med intensjonene i
Radets rekommendasjon om nordisk
kraftsamarbeide. Det konstituerende
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meoteti Nordel fantsted den 9. mai 19631
Kobenhavn.
Elektrisk energi produseres hovedsa-
keligivannkraftverk, kjernekraftverk og
konvensjonelle varmekraftverk (basert
pa kull, olje eller gass). Innen Norden er
sammensetningen av  produksjons-
systemene i de enkelte land svert for-
skjellige. Produksjonen i Danmark er
basert pa konvensjonell varmekralft,
mens Norge har ren vannkrafipro-
duksjon. Finland og Sverige har bland-
ede systemer med betydelige innslag av
vannkraft og kjernekraft.
Kraftsystemene i de nordiske land er
blitt stadig sterkere sammenkoplet, og
nye samkjoringsforbindelser plan-
legges. Utbyggingen av samkjeringska-
pasiteten forer til at det totale nordiske
krafisystemet i stadig storre grad fun-
gerer som en enhet. Nordel har utar-
beidet felles retningslinjer for dimensjo-
nering og drift av det samlede nordiske
kraftsystem. De enkelte kraftselskaper
folger Nordels anbefalinger og oppnar

Konstituerende mote i Nordel, Kobenhavn
1963,

Nordel statutory meeting, Copenhagen 1963,
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dermed sterst mulig nytte av den
nordiske samkjaringen.

Establishment of Nordel

During a conference in Stockholm on
the 13.12.1962 representatives of the
major power companies in Scandinavia
agreed to form a Nordic cooperative
body in the electrical energy area. It was
given the name Nordel and the funda-
mental guidelines for the new body
were agreed.

The Nordic Council was informed of

the decision and considered that it
complied with the intentions of the
Council’s recommendations for Nordic
power supply cooperation. The statu-
tory meeting of Nordel took place onthe
9th of May 1963 in Copenhagen.

We obtain electrical power mainly
from three different types of production:
hydroelectric power, nuclear powerand
conventional thermal power (based on
coal, oil or gas). Within the Nordic

countries the composition of the
production systems in the individual
countries differs greatly. Production in
Denmark is based on conventional
thermal power, while Norway has pure
hydroelectric production. Finland and
Sweden have mixed systems with sub-
stantial use of hydroelectric and nuclear
power,

The power systems in the Nordic
countries have become increasingly
strongly linked, and new links are
planned. The expansion ofthe transmis-
sion capacity means that the overall
Nordic power system is to an increasing
extent functioning as an electrically
integrated unit. Nordel has drawn up
recommendations for dimensioning
and operation of the Nordic power
system as a whole. The power compa-
nies use the recommendations, and in
this way they obtain the greatest
possible benefit from the Nordel
system.
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Novrdel 25 ar

Nordel har na arbeidet i 25 ar. Mye er
utrettet til fordel for den nordiske kraft-
forsyning i denne tiden. I jubileumsaret
var arbeidet igang med nye viktige sam-
kjoringsforbindelser. Bygging av natur-
gassledninger og introduksjon av gass-
kraft gir nye utfordringer.

Nordelsamarbeidet er preget av en
dyptgaende giensidig tillit og forstielse.
Dette gir grunnlag for et dpent og
fordomsfritt arbeide med felles pro-
blemer, og for lesninger alle er tjent
med.

Nordel 25th anniversary

Nordel has now been working for 25
years. Much has been done to benefit the
Nordic power supply during this period.
In the anniversary year work is being
done on new, important interconnec-
tion links. The construction of natural
gas pipelines and the introduction of gas
power present new challenges.

Nordel cooperation is typified by
deeply-felt mutual trust and under-
standing. This provides a basis for frank,
unprejudiced work on joint problems
and for solutions that benefit all.

Foro: S. E. Dahl/Samfoto.

Fra Nordels 25 dars jubileum 1988,

@verst fra vensire:

Generaldirektor Jacob Bjornsson (IS), direk-
torKlaus Ahlstedt (SF), generaldirektor Carl-
Erik Nvquist (S), direktor Henning Buhl
(DK), samkjoringsdirektor Rolf G. Wieds-
wang (N) (formann).

From the Nordel 25th Anniveersary 1988,
From top left:

Director-General Jacob Bjérnsson (IS),
Director Klaus Ahlstedt (SF), Director-Gene-
ral Carl-Erik Nyquist (S), Director Henning
Buhl (DK), Managing Director Rolf G. Wieds-
wang (N) (Chairman).



et internasjonale konjunktur-
D bildet endret seg vesentlig i

lopet av dret. Den samlede
produksjonsveksten er blitt sterkere
enn forventet. For OECD-omradet er
veksten i 1988 anslatt til ca. 4%, mens
den er oppjustert til 3,6% for 1987 etter
ny statistikk. For Vest-Europa har ikke
samlet produksjonsvekst vert sterkere
siden 1976.

Prisstigningen 1 OECD-omridet
under ett var svakt heyere enn aret for,
og konsumprisene pkte 3,75%mot 3,6%
11987, Gjennom dret var det en tendens
til ekende priser. Arbeidsledigheten i
OECD-omradet har gitt ned de siste
arene, men er fortsatt hey. Storst
nedgang var det i USA, der den i gjen-
nomsnitt for 1988 ble 5,5% av arbeids-
styrken. Vest-Europa hadde en gjen-
nomsnittlig ledighet pa 10,25%.

Den okonomiske utvikling 1 de
nordiske land var fortsatt forskjellig i
1988. Finland hadde den klart storste
okonomiske vekst, med 4,6% okning i
bruttonasjonalproduktet. Sverige
hadde en svakere utvikling med 1,4%
okning, mens Norge hadde 1,5%ekning
i BNP. Danmark hadde omtrent
uendret BNP fra 1987 til 1988. Island
hadde en nedgang pa 1,5%, det var fort-
satt meget hoy inflasjon og konsumpri-
sene pkte 20,6%. Prisstigningen var mer
moderat i Norge med 6,7%, i Sverige
med 6,3% og i Finland med 5,1%.
Danmark hadde en inflasjon pa 4-5%.
Arbeidsledigheten var fortsatt hoyest i
Danmark med ca. 9,5%, og i Finland
med ca. 5,1% Norge hadde 3,2%
ledighet i middel, men med ekende
tendens i lepet av dret. 1 Sverige og
Island var det lav ledighet, henholdsvis
1,1% og 0,7%.

Hovedinntrykket er fortsatt at
Nordel-omrddet har heyere inflasjon
enn OECD-omradet, mens arbeidsle-
digheten er vesentlig lavere.

Det samlede elforbruk i Nordel-
landene hadde en moderat gkning i
1988 og ble 0.6%hoyere enni1987. Brut-
toforbruket var 323,7 TWh, eksklusive
13,0 TWh tilfeldig kraft til elektrokjeler.
Utviklingen i landene var forskjellig.
Forbruket okte i Danmark med 1,2%, i
Finland med 4,2% og pd Island med
6,3%. 1 Norge og Sverige var det en
mindre nedgang 1 forbruket med 0,1%
og 0,7%, Sverige har det storste
elforbruk med 131,2 TWh. Forbruket i
Norge er99,2 TWh. i Finland 58,6 TWh,
i Danmark 30,4 TWh og pa Island 4,3
TWh.

Vannkraften er den dominerende
elproduksjonen i Nordel. I 1988 sto den
for 195,9 TWh eller 59% av den totale
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produksjon som ble 332.1 TWh. Norge
har mest vannkraft, med 109.6 TWh
produksjon i 1988. Vannkraftproduk-
sjonen i Sverige ble 68,8 TWh, i Finland
13,4 TWh og péd Island 4,2 TWh.
Danmark har ubetydelig vannkraft.
Kjernekraften er ogsd betydelig, og den
sto for 84,8 TWh eller 25,5% av total
produksjon. Sverige produserie 66,4
TWh og Finland 18,4 TWh kjernekraft.
@vrig varmekraftproduksjon i Nordel-
omradet ble 51,1 TWh, eller 15,4% av
total produksjon, og denne var hovedsa-
kelig i Danmark, Finland og Sverige.
Kull var det viktigste brensel, mens olje
og naturgass hadde mindre andeler.
Kraftutvekslingen mellom Nordel-
landene ble betydelig storre enn forrige
ar, totalt 15,2 TWh. Dette utgjorde 4,6%
av den totale produksjon. Sterst import
dettearet hadde Danmark med 5,8 TWh
og Sverige med 5,1 TWh. Sterst eksport
hadde Sverige med 7,7 TWh og Norge
med 6,8 TWh. Den storste nettoim-

portor innen Nordel var ogsd Danmark
med 5,5 TWh, mens den sterste
nettoeksportor var Norge med 5,6 TWh.
Finland hadde i 1988 en nettoimport pa
27 TWh, mens Sverige hadde en
nettoeksport pa 2,6 TWh.

I tillegg til disse utvekslinger impor-
terte Finland 4,7 TWh fra Sovjet.
Danmark hadde enliten utvekslingmed
Vest-Tyskland. Nordel hadde totalt sett
ennettoimport pad grunnayv importen fra
Sovjet.

. MNordel

[ N Dunmirk

. Fintand

Export

Bruttoforbruk i TWh ekskl.

elkjeler elkjeler

Forbruksendring i % ekskl.

Total eksport og import
i TWh




Bygging av det nye kraftverket ved Blanda,
Island.

Construction of the new hydro power plant
Blanda, in Island.

Nordels virksomhet 1988
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ordel markerte sitt 25 drs jubi-
N leum i forbindelse med arsmete-

dagene 4.-6. mai 1988 i Oslo.
Utvalgene hadde moter samtidig og
deltok i arrangementene. Den norske
energiminister Arme @ien holdt en
middag i anledning Nordels 25 drs jubi-
leum. Oslo Kommune inviterte til
middag i Oslo Radhus med ordferer
Albert Nordengen som vert.

Arsmatet behandlet drsberetningen
for 1987, den aktuelle kraftsituasjonen i
de nordiske land og krafibalansene de
nermeste tre ar. De faste utvalgene
rapporterte om virksomheten siste aret
og fremmet sine planer for kommende
ar. Virksomheten til utvalgene og de
kontaktpersoner og grupper som
rapporterer direkte til Nordel, ble disku-
tert. Det ble rapportert fra kontakten
med den europeiske samarbeidsorgani-
sasjonen UCPTE.

Nordels rolle i det nordiske natur-
gass-samarbeidet ble tatt opp i arsmotet.
Planleggingsutvalget hadde utarbeidet
et diskusjonsgrunnlag for behandlingav
denne saken. Nordel vedtok i arsmetet
en uttalelse om Nordel og naturgassen.

Representanter fra Nordel hadde det
arlige kontaktmete med Nordisk Minis-
terrads embetsmannskomite for ener-
gipolitikk den 21. november 1988 i Oslo.
Dette er et ledd i samarbeidet med de
nordiske energimyndigheter, og det
skjer her en gjensidig utveksling av
informasjon og diskusjon av aktuelle
energispersmal.

Nordel holdt et formann- og sekre-
termote den 21. januar 1988 i Stock-
holm, der utvalgenes og sekretariatets
virksomhet ble behandlet.

Driftsutskottet

Utskottet har fortlépande behandlat
aktuella samkorningsfragor sasom
kraftsituationen i de nordiska linderna,
kraftutbytena linderna emellan, drift-
sikerhet och drifttekniska fragor samt
stérningar inom det nordiska krafisy-
stemet, For beddmning av kraftsitua-
tionen under de nidrmaste tre dren har
effekt- och energibalanser avseende
denna tidsperiod upprittats.

Temueraturkorrigerad forbruk-
ningsokning (l6pande 12-manaders-
viirde) i Nordelliinderna varierar mellan
0 och 5% och idr for Nordelsystemet
totalt cirka 2,5%.

Virfloden intriddde under 1988 vid i
stort sett normal tidpunkt och blev
nagot intensivare én normal. Férsom-
marens torra viderlek medforde tillrin-
ningsunderskott  vilket emellertid
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forbyttes i en mycket riklig vattensitua-
tion pga en mycket regnrik sensommar
och host. Tillrinningarna 1 Finland,
Sverige och Norge blev respektive 30,15
och 5% over de normala under dret.

Magasinsliget var vid darsskiftet
normalt i alla tre linderna.

Kérnkraften har fortsatt att fungera
mycket vil. Tillgangligheten har varit
och fortsitter att vara mycket god.
Effekthéjningar planeras att ske under
1989 for blocken Ringhals 1 och 2, Fors-
mark 3 och Oskarshamn 3.

Underaret harkidrnkraften nedregle-
rats med mindre dn 1 TWh huvudsak-
ligen i Sverige.

Kolpriset och oljepriset har under
aret varierat kring i stort sett samma
niva. Vid arets slut var oljepriset nagot
hogre dn kolpriset,

Genom den rika vattensituationen
har Sverige exporterat kraft till Finland
och Danmark hela aret. Till Danmark
har exporten varit mycket stor under
sommaren och hosten. Norge har {rin
mitten av sommaren haft en omfattande
export till Danmark och Sverige.

En detaljerad effektbalansanalys {or
vinterperioden 1988/89 har genom-
forts. Effektreserven inom varje
delsystem (egen reserv och overforbar
via samkorningsforbindelserna) be-
doms som tillfredsstillande for varje
delsystem vid prognoserad topplastsi-
tuation.

De av Driftutskottet sammanstillda
eflekt- och energibalanserna for de
nidrmaste tre aren 1989-1991 visar atl
balanserna dr acceptabla. Med anled-
ning av att balanserna blir successivt
mer anstriingda har effektbalanserna
analyserats och redovisats pa ett betyd-
ligt mera detaljerat siitt dn tidigare. Drift-
utskottet har beslutat att dven energiba-
lanserna fortsdttningsvis skall analy-
seras och redovisas betydligt mera detal-
jerat,

Nordels rekommendation avseende
driftsreservernas storlek giller vid
normal driftsituation. Med anledning av
den meraanstringda effektbalansen har
Driftutskottet  slutfort ett arbete
syftande till en klarare precisering av
kraven pa driftreserver inom delsy-
stemen ndr svarigheter foreligger att
uppritthalla kraven pad reserver.
Utgingspunkten har varit att soka eta-
blera gemensamma generella krav pa
momentan reserv i bristsituationer samt
attanalysera hur sddana bristsituationer
skall hanteras.

Slutsatsen dr att i en situation med
brist pA momentan reserv i Nordelsy-
stemet kan generella krav pa reserver gj
foreskrivas. Ett krav maste dock upp-



fyllas, ndmligen att delsystem med brist
ar skyldigt att informera samkorande
delsystem om sin bristsituation. Varje
driftledning méste sedan fatta beslutom
och vidtaga atgirder inom sitt respek-
tive delsystem i enlighet med sin egen
nationella driftfilosofi. Delsystem med
brist mdste acceptera att bli bortkopplat
frin angriinsande system om dessa sa
Onskar.
Driftsutskottets arbetsgrupp for
systemfragor, NOSY, har arbetat vidare
med drifttekniska analyser pa Nordel-
systemet. Gruppen har bla. arbetat
med
- att precisera och ajourhdlla aktuella
overforingsgrinser pd samkor-
ningsforbindelserna

- att 6lja upp beslutade atgiirder for att
forebygga systempendlingar

- att kartlagga olika produktionsresur-
sers regleregenskaper

- att utarbeta synpunkter pid Nordels
niatdimensioneringsregler  infor
Planeringsutskottets dversyn av
desamma.

Den omfattande samkorningen av
lindernas kraftsystem som sker for att
efterstriiva en bista utnyttjning av de
totala resurserna sikerhetsmassigt och
ekonomiskt krdver ett successivt okat
datautbyte mellan lindernas drificen-
traler. Med utgangspunkt fran tidigare
inventeringar har Driftutskottet pa-
borjat en kartliggning av det framtida
behovet av datautbyte for att senare
utreda lampliga 16sningar.

Pa uppdrag av Nordel har Driftut-
skottet och Planeringsutskottet utar-
betat gemensamt forslag till det fortsatta
arbetet med hur planeringen och driften
av de nordiska el- och gassystemen kan
samordnas pd ett dndamalsenligt sitt.
En ad-hoc grupp under Planeringsut-
skottets ansvar arbetar vidare med en
djupare analys av centrala fragestill-
ningar, varvid Driftutskottet hills
underriittat om arbetet.

Foto: Bengt Johansson.

Monumentet “kraft”i Porjus manifesterar den
stora  betydelsen av  vartenkraftuthyge-
naderna i Luledly.

The monument “kraft” in Porjus symbolizing
the importance of the hydro power in the river
“Luledly”.
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Planeringsutskottet

Aktuella nét- och produktionsstudier

syftar till att belysa forhallandena i ett
stadium kring sekelskiftet. Insamling
och bearbetning av kraftsystemdata
pagar, liksom forberedelser for berik-
ningar pa stadiet. Nit-och Produktions-
grupperna  samarbetar i frdgan.
Nitgruppen har ocksd genomfort en
temadag om miljovinlig kraftover-
foring. Huvudsyftet med temadagen var
att se pa hur miljéaspekterna paverkar
planeringen, exempelvis nir det giller
utvecklingen av stolpar och lednings-
konstruktioner bl.a. kablar, Didremot
syftade temadagen inte till att belysa
medicinska aspekter. Produktions-
gruppen arbetar ocksd med analyser av
forutsiattningarna att anviinda en existe-
rande fleromridesmodell for effekt-
bristrisk for effektstudier pa Nordel-
systemet.

Ett omfattande arbete pa nitom-
radet dr den oversyn av Nordels ndatdi-
mensioneringsregler som pagar i cn av
Planeringsutskottet tillsatt ad hoc-
grupp. En fOrsta etapp som innebér en
omfattande forstudiefas dr i huvudsak
slutford. Nista etapp innebér fordju-
pade studier i de &mnen som har storst
betydelse for reglerna. Etappen
planerasta cal2 méanader, alltsd i princip
hela 1989. Direfter aterstar Planerings-
utskottets behandling av de forslag som
ad hoc-gruppen kommer fram till,
Eventuellt forslag till ny Nordelrekom-
mendation i fragan planeras kunna
forldggas Nordels arsmate 1990.

Forutsdttningar och hinder for en
samordning inom Norden av el- och
naturgasfragor studeras av en ad hoc-
grupp inom Planeringsutskottet. Fragor
om Okat Nordelengagemang i naturgas-
fragor har aktualiserats under senare ar.
Naturgas anvinds redan [or elproduk-
tion i Nordelsystemet och sddan utnyttj-
ning [Orutses Oka visentligt. Detta dr
ocksa en forutsittning for att naturgasen
skall bli en betydande energirdvara i
Norden. Elkrafiforetagen kan forutses
bli gastOretagens storsta kunder. For att
kunna uppna de ur samhéllssynpunkt
bésta 10sningarna dr det viktigt att astad-
komma ett systemtekniskt samspel
mellan el- och naturgassystemen. Det
synes ocksa naturligt att ett niara samar-
bete etableras mellan el- och gasfore-
tagen. Vid Nordels arsmdte 1988 fick
Drifi- og Planeringsutskotten i uppdrag
att gora en del forberedande studier om
Nordels naturgasengagemang. Dessa
studier har gjorts och indikerarattivarje
fall i ett forsta samarbetsskede, sa dr det
inom planeringen som samarbets-
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resultat kan uppnas. Det giller att astad-
komma produktions- och dverforings-
anliggningar pa ritt plats, vid ratt
tidpunkt och med riitt kapacitet. I plane-
ringen maste dock noga beaktas att
malsittningen ar en Okad flexibilitet i
driften av det samlade nordiska energi-
systemet. Det dr mot ovanstiende
bakgrund som Planeringsutskottets ad
hoc-grupp nyligen pabdrjat sitt arbete.

For att mota de stora osdkerheterna
pa energiomridet ser Planeringsut-
skottet scenariostudier pa Nordelsys-
temet som en mojlig framkomstvig. En
del scenaricarbete pigér redan inom de
enskilda Nordelsystemen, liksom ocksa
vissa forberedelser for scenariostudier
pa det samkorande Nordelsystemet.
Haosten 1988 arrangerade Planeringsut-
skottet ett seminarium om scenario-
frigor med planerare vid Nordelfore-
tagen som deltagare. [ seminariet
medverkade ocksa ett par utomstaende
foreldsare. Seminariet gav en hel del
uppslag for det fortsatta arbetet. Att
sitta iging omfattande scenariostudier
pa hela Nordelsystemet kriver betyd-
ande forberedelser. Det har dirfor
bedomts ldmpligt att tills vidare
koncentrera det f[ortsatta arbetet pd
landsvisa studier och att dra erfaren-
heter av dessa infor studierna pa det
samlade Nordelsystemet. Parallellt
med de landsvisa studierna Overvags
lampliga utgangspunkter for att komma
iging med aktiviteter pa en bred nordisk
bas.

[ praktiken finns det en rad begrdns-
ningar mellan ideal och verklig plane-
ringssituation. 1 vissa av Planeringsut-
skottets studier pd det samkdérande
nordiska kraftsystemet har dock
utgdngspunkten varit den ideala forut-
sittningen att Norden dr en enhet utan
nationsgriinser. Detta har fort till
resultat som inte alltid varit realistiska,
eftersom man i1 praktiken stoter pa en
rad begriinsningar, bade rationella och
irrationella. Nordel haransett det viktigt
att kartldgga vilka de olika begrinsning-
arna dr och att mot bakgrund av denna
kartldggning formulera sa realistiska
planeringsforutsittningar som maojligt.
Planeringsutskottet har fatt i uppdragav
Nordel att gora denna kartldggning och
har satt igang arbetet. Dir det bedoms
mojligt att paverka forhallandena i
positiv riktning kommer utskottet att
peka pa detta. Vidare dr avsikten att i
redovisningen ocksd peka nagot pa de
mdjligheter som Nordelsamarbetet
innebar.

En redovisning om vindkrafiens
kostnader limnades vid Nordels
arsmote. Detta var en a jour-foring av de



Foto: Malma Energi AB.
Heleneholmverket i Malmé. Der forsta krafi-
verket i Sverige som anvander naturgas i sin
el- och varmeproduktion.

Helencholmverker in Malmé. The first power
plant in Sweden fired with natural gas.

kostnader som redovisades i en rapport
[ran Planeringsutskottet 1986. Avsikten
dr att utskottet i fortséttningen érligen
skall redovisa a jour-forda vindkraft-
kostnader.

Enligt Gverenskommelse mellan
Nordel och ECE:s elkommitté (ECE =
United Nations Economic Commission
for Europe) skall Nordel vartannat ir ta
fram en karta dver de nordiska stam-
ndten. En sadan karta avseende stadium
Januari 1988 har tagits fram och redovi-
sats till ECE.

Som ett led i Nordisk riads beslut att
1988 skulle vara ett nordiskt teknologiar
holls den 26-28 september Nordisk
energikonferens i Stavanger. Arrangor
for konferensen var Norske Sivilingen-
iorers Forening i samarbete med
Nordel. Planeringsutskottets ordf och
sekr ingick i planeringskommittén for

konferensen, vid vilken bla. flera
Nordelledamoter medverkade som
foredragshdllare.
Varmekraftutskottet

Utskottet har under fret fortsatt att
utvixla erfarenheter och synpunkter
inom virmekraftomradet i Norden.

Bl.a. har organiseringen av samarbetet
pa miljdomradet diskuterats livligt.
Utgdende fran Driftsutskottets effektba-
lanser har viirmekrafiens tillgiinglighet
behandlats inom Virmekraftutskottet.
Statusrapporter fran de olika linderna
har gatts igenom pa utskottets méten
och dd har speciell vikt lagts pa att
beskriva existerande problem samt de
l0sningar som ér funna eller planlagda.
Utskotlet har under 1988 hallit tva
moten dir fGljande rapporter frin dess
arbets- och ad hoc-grupper, genom vilka
storsta delen av utskottets arbete sker,
har behandlats.

Utskottets Drift- och Underhalls-
grupp har under dret anordnat i
Danmark ett seminarium for drift-
chefer. Huvudtemat for seminariet var
livstidsforlangning av gamla kraftverk.
Aven rokgasrening och olika naturgas-
processer gicks igenom. Pa seminariet
deltog 50 driftchefer, vilketdrett rekord i
antal. Motet gav deltagarna méinga nya
idéer och impulser. Ett motsvarande
mote [Oor underhéllchefer planeras att
hallas pa hosten 1989 i Finland.

Ad hoc-gruppen for miljofragor har
gjortensammanstillning av de nordiska
och visttyska emissionsbegrinsnings-
kraven samt de nordiska luftkvalitets-

e

normerna, Vidare har gruppen utar-
betatett forslagtill program for ett miljo-
seminarium med rubriken «Hur miljo-
vinlig skall framtidens energiproduk-
tion vara?»

Tillsammans med Drifi- och Under-
hallsgruppen har Ad hoc-gruppen for
miljofrdgor  sammanstillt  artikeln
Miljoaspekter vid kol- och oljekrafiverk
for denna arsberittelse.

Forsknings- och utvecklingsverk-
samheten inom NKA (Nordiska
kontaktorganet for atomenergifrigor)
har fortsdttningsvis bevakats av utskot-
tets kontaktgrupp. Det har bl.a. fram-
hivts att huvudavsikten med NKA:s
sakerhetsprogram bdr vara att fi en
samstimd uppfattning i Norden om
sikerhetsforhallandena, t.ex. nir det
giller hiandelsesforloppet vid haverier,
deras berikning och verkningen av
konstruktionsindringar.

Under aret har direktér J Ricken/
IFV ersatts med overingenjor J
Rosbjerg/IFV samt kraftverksdirektor
E Ericsson/Vattenfall med krafiverks-
direktor E  Lennartsson/Vattenfall
Virmekraftutskottet tackar de avgdende
for ett aktivt deltagande och gott samar-
bete.
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Energipolitik

anmarks afhangighed af impor-
D teret energi blev yderligere

mindsket 1 1988 ved en oget
produktion af dansk Nordse-gas.
Andelen af dansk energi i det samlede
bruttoenergiforbrug steg herved til 41%,
mod 38%iret for. Forbrug og eksport af
dansk olie blev henholdsvis 2,9 og 1.8
mio. tons. De tilsvarende tal for dansk
naturgas var 1,6 og 0,7 mia. m*.

Trods flere koncessionerede grup-
pers efterforskningsaktivitet i den
danske undergrund er det fortsat kun
Dansk Undergrunds Consortium, der
producerer olie og naturgas.

Elverkernes pligtkob af naturgas
under aftalen med Dansk Naturgas A/S
var i 1988 0.13 mia. m’.

ELKRAFT hari 1988 fortsat under-
sogelserne om anvendelse af naturgas
pa kraftveerkerne. Hvis gas anvendes

som brendsel vil udbygningen sand-
synligvis ske med kombi-anleg -

kombinerede gas- og dampturbi-
neanleg. Elvaerkernes forhandlinger
med DANGAS A/S om pris- og leve-
ringsbetingelser blev ikke tilendebragt i
1988.

Sidelebende har elveerkerne set pa
kulforgasningsanleeg som alternativ
gasforsyning - anlzeg som eristand tilat
forgasse alle typer kul. En narmere
undersogelse af egnethed er gennem-
fort. Hovedkonklusionen er, at kulfor-
gasning bade ekonomisk og miljemees-
sigt er et attraktivt alternativ, som kan
danne grundlag for kulfyret udbygning.

For FN udgav Brundtland-kommis-
sionen i 1987 en rapport om miljo og
udvikling, «Vor falles fremtid».
Rapporten analyserer den langsigtede
udvikling og giver en raekke anbefa-
linger, bl.a. med hensyn ftil fossilt
braendsel, energiudnyttelse, forsuring

—15=

og drivhuseffekt. | december 1988 fore-
lagde statsminisieren i Folketinget en
handlingsplan om disse emner som et
oplaeg til politisk debat.. Inden for de
enkelte samfundssektorer er det sogt
vurderet, i hvilket omfang der allerede
leves op til princippet om baredygtig
udvikling, dvs. den udvikling, der
tilfredsstiller den nuvaerende genera-
tions behov uden at mindske fremtidige
generationers muligheder for at
tilfredsstille deres behov.

Med udgangspunkt i denne vurde-
ring er anfort en reekke initiativer, som
kan bidrage til baeredygtig udvikling.

Handlingsplanen ma opfattes som
en hensigtserklering, der understreger
regeringens vilje til seripst at vurdere
energi- og miljepolitiske problemer i
lyset af Brundtland-rapportens anbefa-
linger.

Energiministeren vil i folketingséret
1989/90 fremlegge en handlingsplan,



der angiver konkrete muligheder for at
reducere energiforbruget og dets miljo-
belastning pa kortere og langere sigt.
Slutforbruget fremhaeves af energimi-
nisteren som et indsatsomride, der
navnlig pa elomridet ikke hidtil har fiet
den samme opmearksomhed fra
samfundet som andre dele af energisek-
toren.

Elvaerkerne er allerede engageret i
betydelige aktiviteter pa veaesentlige
omrader inden for den fremlagte energi-
politik, og vil fortsatte denne linie i
fremtiden.

Fra elvaerksside er der givet udtryk
for den opfattelse, at dansk eksport af
know-how samt salgafnyudviklet, ener-
giokonomisk teknologi kan give et
vaesentligt storre bidrag til opfyldelse af
Brundtland-rapportens mal, end vi
nationalt kan opna.

Elforbrug

Det samlede elforbrug i Danmark
blevil988 ca. 30 TWh, enstigning pi ca.
1,2% fra 1987, svarende til knap 2%, nar
der korrigeres for det varmere vejr.

Det var industrien og handels- og
servicesektorerne, som agede elfor-
bruget. Stigningerne var her omkring
3%i forhold til 1987. Forbruget i private
husholdninger og landbruget faldt ca.
1% bl.a. efter det veesentligt mildere
klima i 1988 i forhold til foregaende ir.

1 1988 fordelte elforbruget sig med
32%pa private husholdninger, med 32%
pd handel og service, med 28% pa
industri og med 8Y% pa landbrug m.m.

Prognoserne for de kommende 4rs
elforbrug baseres pi moderate stig-
ningstakier omkring 2,5% p.a.

Elproduktion

Den installerede effekt pa danske
elvaerker var ved udgangen af 1988 ca.
8140 MW, knap 1% mindre end i 1987.

Effekten fordeler sig med 93,7% pa
dampkraftanlag, 4,1% pa gasturbine- og
dieselanleg, 2,1% pa vindkraft og 0,1%
pa vandkraft. Opgorelsen omfatter ca.
300 MW privatejede produktionsanleg,
heraf alene ca. 170 MW vindkraft.

Envasentligdel afeffekten findes pa
kraftvarmevaerker, hvor ydeevnen redu-
ceres, narder leveres fiernvarme. Under
topbelastning udger denne reduktion
op imod 500 MW.

Dampkraftanleggene dekkede
80.8%af arets elforbrug, vindkraft 1,0%
og vandkraft 0,1%. De resterende 18,1%
daekkedes af nettoimporten.

[ samproduktion med elektricitet

leverede  kraftvarmeveerkerne  ca.
52.500 TJ fjernvarme.

Kraftveerkerne forbrugte i 1988
breendsel svarende til ca. 10,3 mio. tons
kul med en kulandel pd 94%.

Byggeriet af nye store kraftvarme-
blokke pd Amagerverket, Avedere-
vaerket og Fynsvaerket fortsatte med
henblik pa idriftsettelse i henholdsvis
1989,1990 0g1991. Pa Vestkrafti Esbjerg
pabegyndtes et tilsvarende byggeri.
Ydeevnen pd el-ogvarmesiden afde fire
blokke er henholdsvis 250, 250,385,350
MW og 330, 330, 500, 450 MJ/sek.

Udbygningen med vindmeller
under elveerkernes 100 MW-aftale med
regeringen forleber stadig noget lang-
sommere end forudset, iseer pd grund af
manglende lokal accept, hvor mellerne
placeres. Ved drets slutning var henved
35 MW vindkraft i dette program sat i
drift, fordelt pi syv vindmelleparker og
fem mindre klynger. Der arbejdes ihaer-
digt pd at sikre idriftsattelse af de reste-
rende godt 65 MW inden for de naste to
ar.

I den private sektor er aktiviteten pi
vindkraftomridet fortsat stor. Der blevi
1988 idriftsat ca. 55 MW i spredt place-
rede, mindre, subsidierede vindmaeller.

Arbejdet med decentrale kraftvar-
meveaerker, som sker i overenstemmelse
med den politisk aftale om den fremti-
dige eludbygning, skred godt frem i
1988. Der arbejdes med projekter pa
forskellige stadier i 30-40 byer. Alle
projekter baseres pa fyring med dansk
braendsel. Vaerkernes ydeevne varierer
fraunder1 MW el til omkring 60 MWel.
Ved drets slutning var to decentrale
kraftvarmevaerker sat i drift, med samlet
vdeevne ca. 20 MW, og en hel rekke
folger efter i 1989 og 1990. Programmet
for de decentrale veerker - der i alt
omfatter 450 MW - var ved arsskiftet
inde i en forsegs- og demonstrations-
fase. Det ma forventes, at en del af de
mindre - iser halmfyrede - kraftvar-
meanlag vil fi en darlig okonomi.

Elpriserne

Efter stigningen pa ca. 7 ore/kWh i
Jjanuar har elprisen varet usendret i
1988. Den gennemsnitlige elpris for en
forbruger med et arligt forbrug pa 3000
kWh var knap 49 ere/kWh uden afgifter
og ca. 99 ere/kWh med afgifier. Ener-
giafgift og moms udgjorde siledes 51%
af forbrugerprisen.

Fra 1. januar 1989 steg elprisen, i
gennemsnit med 7,7 ere/kWh, eksklu-
sive afgifter, for en forbruger med 3000
kWh arligt forbrug. Elprisen for tilleg af
afgifter er herved blevet den samme
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som i 1982-83, uden justering for infla-
tion.

Eltransmissionsnettet

Konti-Skan 2 forbindelsen mellem
Jylland og Sverige blev taget i kommer-
ciel brug 1. november 88. Overfarings-
evinen er 300 MW ved 2835 kV D.C.
Forbindelsen er bygget i1 fellesskab af
Vattenfall og ELSAM, og betyder dels
en fornyelse af Konti-Skan forbindelsen
fra 1965, dels en vasentlig forogelse af
overfaringskapaciteten frem til midten
af halvfemserne, indtil Konti-Skan 1
(260 MW) skrottes.

Projektassistance

ELKRAFT har i 1988 stiftet et 100%
ejet datterselskab, ELKRAFT-Consult
A/S. Selskabets formal er at yde radgiv-
ning og projekteringsarbejde i ind- og
udland vedrerende energiforsynings-
anlaeg. Ved lesning af aftalte opgaver
trekker ELKRAFT-Consult pa den
samlede ekspertise | ELKRAFT-
gruppen.

Markedsforing af danske elvarkers
indsatser angdende kraftvaerker og
eltransmission sker gennem Danish
Power Consult A/S (DPC), hvor
ELKRAFT-Consult og ELSAMPRO-
JEKT A/S i juli har overtaget hver sin
40%'’s andel. De sidste 20% ejes af en
reekke danske radgivende ingeniorvirk-
somheder,

Tilsvarende sker markedsforing pa
omraderne vindkraft, miljeanleg og
fjernvarme gennem Danish Power
Utilities (DPU), en forening med
ELKRAFT-Consult og ELSAMPRO-
JEKT som de eneste medlemmer.

Forskning og udvikling

Elveerkerne har i de senere ér brugt
mange kraefter pd forskning og udvik-
ling. Disse aktiviteter gennemfores, for
at danske elvaerker kan opfylde fremti-
dens krav til kraftveerker, og for at stette
den tekniske udvikling i dansk industri.
Elveerkernes indsats belob sig i 1988 til
ca. 135 mio. kr. Hovedparten afemnerne
tilherte omraderne forbreendingsteknik
og miljeanlaeg, hvor sidstnevnte er
nermere omtalt i denne beretnings
artikel «Miljaspekter vid kol- och olje-
kraftverk»,
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Ekonomisk utveckling
En snabb hogkonjunktur fortsatte i

den finlindska nationaleko-

nomin ar 1988. Industriproduk-
tionen 6kade med mer dn 4% och inom
vissa branscher hidmmades produk-
tionsokningen av  kapacitetsbrist.
Brutto-nationalprodukten dkade med
ca 4,6%. Till tillvixten bidrog inte bara
den kraftiga inhemska efterfragan utan
ocksd Okningen av skogsindustrins
export. Bruttonationalproduktens
marknadspris var ca FIM 437 miljarder,
ca USD 104 miljarder (USD 21000
invanare). Exporten till vist Okade
med ca 4%, diaremot fortsatte exporten
till ost att krympa med ca 5% Totalt
okade exporten med ca 4%. Handels-
balansen visade nagot dverskott, bytes-
balansen didremot ett underskott pa
ndstan FIM 13 miljarder, eller 3% av
bruttonationalprodukten.

Inflationen blev ndgot snabbare
jamfort med foregdende ar, d.v.s. 5,1%
pa arsniva. Arbetslosheten sjonk till ca
5% av arbetskrafien, vilket innebar en
sinkning pa 0.5 procentenheter. Samti-
digt radde brist pd arbetskraft inom
manga branscher. De reala totalinveste-
ringarna okade ar 1988 med ca9%till 108
miljarder mark, vilket utgor 25% av
bruttonationalprodukten.

Energikonsumtionen dkade ar 1988
bara lite. Okningen var 1,7% och
konsumtionen ca 29,7 Mtoe. Inom
industrin och transporten tkade energi-
konsumtionen, men det exceptionellt
milda védret i borjan av 1988 minskade
energibehovet [Gr uppvirmning kinn-
bart.

Energipolitik

Den nuvarande finlindska ellagen
har varit i kraft i knappt 10 r och under
tvadrs tid haren dndring forberetts. Den
6 maj 1988 framlade regeringen till riks-
dagen en proposition om dndring av
ellagen. Riksdagen anlog lagen i slutet
av 1988 och lagen samt forordningarna
trader i kraft den 1 april 1989. I och med
att den nya lagen triider i kraft, forenklas
och effektiveras planerings- och till-
standssystemet, Enligt ellagen behdvs
byggnadstillstind enbart for kraftverk
med en effekt pa minst 250 MW, I lagen
ingar varken beslut om byggande av
kirn- och vattenkraft eller elimport,
eftersom det finns skilda lagar och
forordningar om dessa. Den nya kirn-
energilagen, som antagits tidigare,
tridde 1 kraft den 1 mars 1988. Enligt
lagen fattar riksdagen i fortsdttningen
beslut om bl.a. byggande av nya kiirn-
kraftverk.
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I juni inledde statens kérnavfalls-
fond sin verksamhet. Samtidigt mottog
fonden kirnavfallsavgifter pica FIM 1,5
miljarder frin de bolag som producerar
kdarnkraft. Till fonden insamlas pengar
for nedldggning av gamla kirnkraftverk
och for slutforvaring av kirnavfall.

Fortiden 1.3.1988-28.2.1991 tillsatte
statsradet tva nya kommittéer inom
kidrnenergibranschen. 1 handels- och
industriministeriet fungerar en kirn-
energikommitté  som  forbereder
drenden angdende anvindning av
kidrnenergi. I anslutning till Stralsiker-
hetscentralen arbetar en kirnsédkerhets-
delegation som ett rddgivande organ.
Delegationen forbereder fragor kring
kdrnenergisdkerhet.

I slutet av 1988 blev ett forslag till
dndring av atomansvarslagen firdigt i
handels- och industriministeriet. Enligt
lagforslaget tar Finland och de bolag
som producerar kiirnenergi hand om sitt
atomansvar inom ramen av det interna-
tionella system som NEA (Nuclear
Energy Agency) svarar for. Systemet
baserar sig pa Paris’ konvention och
Bryssels tilldggsavtal, som kompletterar
konventionen, Da gar ansvaret upp till
SDR 100 miljoner, vilket dr 13,5 ganger
sa mycketsomidag. Detenergipolitiska
radet i Finland har stéllt sig positivt till
dndring av atomansvarslagen. Lagen
torde komma till riksdagens godkén-
nande i borjan av 1989.

Som ett led till de principbeslut som
statsradet tidigare fattat om svavelut-
slapp, tillsattes i mars 1988 en arbets-
grupp som skulle forbereda griinserna
for utsldpp av kvéve fran energiproduk-
tionsanldggningar. Arbetsgruppens
forslag, som ér pa remiss, bygger pa den
bista tillgiingliga forbrinningstekniken
for nya pannor och gasturbiner. Fér nya
stora kolkraftverk innebdr utslippsgran-
serna katalytisk rening av rokgaserna.
Nir man satt utslippsgriinser har mélet
varit att beakta kostnadsefTektiviteten
och nedfrysningen av kviveoxidut-
slippen pa dagens niva fram till 1995.
Man har fortsatt arbetet {or att bereda
normer for kvaveoxidutslipp fran
gamla kraftverk. Arbetsgruppen torde
bli firdig med sitt forslag i mars 1989,
Tidigare har man redan fattat princip-
beslut om kviveoxidutslipp inom
trafiken.

[ borjanav oktober 1988 tridde en ny
konkurrenslag i kraft. Syftet med lagen
dr att effektivera konkurrensen och
dirmed den ekonomiska verksam-
heten. Lagen effektiverar Overvak-
ningen av monopol. Overvakningen
utvidgas sa att den ocksa giller lokala
monopol, saisom el-och fjérrvirmeverk.



Enligt lagen dr monopolstillning och
dominerande stillning pa marknaden
inte forbjudna, didremot &r deras
missbruk forbjudet och konkurrens-
verket och konkurrensrddet har
mojlighet att ingripa i misstinkt
missbruk och bestimma de ligsta eller
hégsta priserna. Lagen har inverkan
ocksa pa energisektorn, t.ex. pa elver-
kens prissittning,

Industrins kraftbolag grundade i
mars 1988 bolaget Teollisuuden
Voimansiirto Oy (Industrins Kraftover-
foring Ab). Bolaget, som inledde sin
verksamhet den 1 januari 1989, kommer
altt  anvinda idgarnas  kraftover-
foringsnit, bygga nya kraftoverforings-
ledningar samt svara for samkdrningen
av kraftverken. Bolagets verksamhet
omfattar ocksa elimport och partitor-
sdljning. Det nya bolaget innebir att det
1 Finland uppstér tvi landsomfattande
nitbolag som  konkurrerar med
varandra,

En energikommitté p hig niva som
arbetat i ndrmare tva ar har som uppgift
att bl.a. utreda de olika energiformernas
samhilleliga effekter och risker i forhal-
lande till andra samhiilleliga funktioner.
Kommittén skall limna sitt utlatande
den 31.3.1989.

Elforbrukning

Ar1988 fortsatte elforbrukningen att
Oka raskt. Totalférbrukningen uppgick
till 58,7 TWh, d.v.s. 2,2 TWh, vilket ir
4,2%mer dn ar 1987 trots att 1988 var ett
betydligt varmare ar dn 1987. Den
temperaturjusterade  forbrukningen
Okade med inte mindre in 6%.

Okningen fordelade sig jimnt mellan
industri och dvrig forbrukning. Indu-
strins elférbrukning 6kade med 6% och
utgjorde 30,9 TWh. Den goda mark-
nadssituationen for den finlindska
industrin inverkade pd produktions-
méangden och dkningen av elbehovet, i
synnerhet inom triforidlingsindustrin.

Elforbrukningen inom den &vriga
sektorn var 27,8 TWh, en 6kning pa 2%,
efter temperaturjustering 6%. Elfor-
brukningen Okade kraftigt i synnerhet
pa servicesektorn. Elforbrukning for
uppvarmning sjonk nagot jimfort med
foregaende ar, vilket berodde pd den
milda vintern. Eluppvarmningen har
fortsatt att gd framét och antalet elupp-
virmda bostdder steg med 27 000 till
over 410 000. Med el uppvirms mer dn
80% av nya smahus och 50%av radhus.
Totalt bor ca 1,5 miljoner finlindare i
eluppvirmda hus. Elektricitetens andel
av slutforbrukningen av energi steg till
ca 24% gentemot ca 23% ar 1987.

Elforbrukningen var hogst i
december 1988, da toppeffekten
uppgick till ca 10 000 MW, Toppeflekten
blev alltsd lika hdg som under rekord-
kélden ar 1987. Nu var vidret dock
normalt.

Elbehovsprognoserna reviderades
under 1988, Enligt den prognos som
Elproducenternas samarbetsdelegation
publicerat Gverstiger elférbrukningen
71 TWhdr 1995 och ar 2000 dr denca 77
TWh, d.v.s. 4 TWh hogre édn vad den
tidigare  prognosen forutspatt. |
synnerhet den privata elférbrukningen
och elférbrukningen pé servicesektorn
kommeratt §ka meréin vad som tidigare
beriknats. Aven handels- och industri-
ministeriet har justerat sina prognoser
uppat.

Elanskaffning

Ar 1988 var elproduktionen ca 51,3
TWh, eller bara 0,5 TWh stérre in ar
1987. Det tkade behovet tillgodosdgs
frimst med importokning, vilket steg till
ca 7,8 TWh, eller 13,2% av den totala
anskaffningen.

Vattenkraftproduktionen fortsatte
att vara rekordstor och produktionen
var 13,4 TWh, vilketir 10%merinunder
elt genomsnittligt vattenar. Mottrycks-
produktionen uppgick till 13,8 TWh, dir
Okningen utgjorde 0,5 TWh jimfort
med foregdende ar. Med ovrig virme-
kraft, frimst kolkondens, producerades
5,0 TWh och med processkondenskraft
0.4 TWh.

Kérnkraftproduktionen var niistan
lika stor som foregaende ir, eller 18,4
TWh, vilket stod for 36%av totalproduk-
tionen. Alla kraftverksenheter har fung-
erat klanderfritt och de genomsnittliga

driftfaktorerna inkl. revisioner wvar
foljande:

Lovisa I 86,7%

Lovisa 11 93.1%

Olkiluoto 1 92.9%

Olkiluoto I~ 91,9%

Lovisas laga driftfaktor jimfort med
de andra enheterna berodde pa den sk.
‘langa revisionen’.

Ca 300 MW ny kraftverkskapacitet
firdigstilldes under 1988. Den storsta
enheten var det naturgaseldade kraft-
virmeverket i Tammerfors om 132
MWe. Elimporten frin Sverige steg fran
100 MW till 200 MW den 1.1.1989.

Under byggnad finns kraftverkska-
pacitet pa nistan 1000 MW, varav 630
MW blir firdigt under 1989. Av dessa éir
de storsta torvkondenskraftverket pi
150 MW i Haapavesi och det olje- och
koleldade kondenskraftverket pa 260
MW i Kristinestad. Under byggnad #r
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Imatran Voimas nva kontor i Myrbacka,
Vanda. Togs i bruk i barjan av 1988.

The new office of Imatran Voima in Myrbacka,
Vanda, put into use in 1988.

ocksa kraftviirmeverken pa 105 MW |
Seindjoki och 158 MW i Helsingfors. I
Kokkosniva byggs ett vattenkraftverk pa
25 MW.

Under varen 1988 undertecknades
ett intentionsavtal om elimport fran
Norge och man kom preliminirt
dverens om eltransitering via det
svenska nitet till Finland. Forhandling-
arna om sjéilva importen fortsitter.

I september 1988 kom Imatran
Voima Oy och det sovjetiska V/O
Mashinoexport 6verens om elimport pi
1990-talet, Enligt avtalet importerar
IVO el med en effekt pa 600 MW under
1990-1992 och frian och med 1993 fram
till slutet av arhundradet med en effekt
pa 900 MW. Aven Teollisuuden
Voimansiirto Oy (Industrins Kraftéver-
foring Ab) har av statsradet fatt tillstind
att importera el frin Sovjetunionen.



For-handlingarna med {Orsiiljaren pagar
fortfarande.

Imatran Voima och Teollisuuden
Voima Oy (Industrins Kraft Ab) har
forhandlat om byggandet av ett nytt
kolkraftverk pa ca 500 MW i Bjorne-
borg. Nagot beslut om byggandet har
dock inte dnnu fattats.

Elpriset

Elektricitetens detaljforsiljningspris
forblev niistan stabil under 1988. Real-
prisetsjonk med ca 5% Den1.1.1989 var
det genomsnittliga konsumentpriset for
hushdllsel 41,2 p/kWh i flervaningshus
och 359 p/kWh i smihus samt 27,6
p/kWhihushall med direkt elvirme och
22,7 p/kWh forackumulerande el. Stor-
industrins skattefria konsumentpris for
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el var 13,1 p/kWh, siinkningen utgjorde
0,2 p/kWh.

Partipriset pd el sjonk under iret
med ca 1%, vilket berodde pé att priset
pd uranbrinsle gick ner, Under slutet ay
aret steg priset pa kol kraftigt, vilket
kommer att aterspeglas pa elpriset
under 1989,

Stamnatet

Under 1988 firdigstilldes nagot éver
200 km 220 kV krafiledningar niir
ledningen fran Ivalo till Varangerbotn i
Norge togs i drift den 11.10.1988. Cirka
160 km 110 kV kraftledningar firdig-
stélldes.

Teollisuuden Voimansiirto Oy,
TVS, (Industrins Kraftoverforing Ab)
har meddelat att det bygger en 400 kV

kraftledning fran Ulvila till Anttila (ca
250 km). Forimport frin Sovjetunionen
borman dessutom byggaen 185 km lang
400 kV ledning frin grinsen till Kymi
och Anttila. TVS har som avsikt att
sammankoppla sina nuvarande kraft-
overforingsnat sd att de skall ticka hela
kustomradet. Ovriga planer betriiffande
400 kV ledningar d4r Tammisto-Nurmi-
jarvi (28 km) samt Kristinestad-Vasa
(105 km).

Elproducenternas samarbetsdelega-
tion (STYV) godkinde en rekommen-
dation om eloverforingsprinciper i
januari 1989, Rekommendationen inne-
haller principer for 6verforing och kost-
nadskalkyler. Rekommendationen
géller for alla nit pa 400 kV-20 kV.

Ovrigt

Det finlindska avsvavlingssystemet
LIFACs absorptionsgrad forbattrades
med hjalp av de testkOrningar och
processjusteringar som genomfordes
vid Inga kraftverk. Kunskap inhdmtas
ocksd for att begrinsa kviveutslippen
fran gamla kraftverk med forbriannings-
teknik och dirfor beslét man installera
"low nox fGrbrénnare’ till en enhet i Inga
kraftverk foratt planera forbrannarreno-
veringar vid hela kraftverket.

I Kopparnis, Inga, dir IVO under-
soker nya energiformer skall forutom
vind och biomassa ocksa ett tredje ener-
gislag testas, da byggandet av ett sol-
drivetelverk pa 30 kW blir firdigt under
arets lopp. Ar 1988 var vindkraftverkets
produktion mindre dn ar 1987 pa grund
av rotorfel, iven om vindarna var krafti-
gare.

Utvecklingen har ocksé inriktas pa
ett PFBC-system (forbranning i virvel-
bidd), ett dieselkrafiverk for multi-
bransleanvindning; idrifttagande av en
biologisk metod for f{Grstéring av
radioaktivt  kraftverksbrinsle samt
forlingning av gamla kraftverks livs-
lingd.



Okonomisk udvikling.

0 ret 1988 var i Island praeget af en
Asvag okonomisk recession i
modsetnig til en kraftig veekst i

arene forinden. BNP gik tilbage med
1,5% sammenlignet med en vaekst pa
8.7% 1 1987. Realveerdien af fiskeripro-
dukter, landets vigtigste produktkate-
gori, gik ogsa tilbage; med 2,5% (veaekst
pa 6,1% 1 1987); veerdien af evrige indu-
striprodukter gik tilbage med 1.5%
(vaekst pd 4% i 1987). Investeringer
mindskede med 2%i forhold til 1987 da
de voksede med 18.9% fra aret for.
Arbejdslesheden 1a 1 gennemsnit pa
0.7% af arbejdsstyrken (0,5 % i 1987).
Inflationen var stadig et problem; den
voksede fra 18,3% p.a ved indgangen til
1988 til ca. 25,4% p.a. ved dets slut,
Konsumentprisindeksen steg med
20.6%frad. 31. dec. 1987 til samme dato
1988 (24.3% i samme periode aret for).

En utsikt over Revkjavik.
Wiew of Revkjavik.

Energipolitik og lovgivning.

Island fik en ny regering den 28. sept.
1988. I den nye regerings program
hedder det om energi- og industripolitik
al «organisationsstrukturen indenfor
energiproduktion og energifordeling
skal revideres med sammenslaning af
energiforetagender for @jne. Landets
energikilder skal udnyttes til en udbyg-
ning af erhvervslivet». Man vil siledes
fortsatarbejde foretableringafnye ener-
gikraevende industrier.

Stort set er energi- og industripoli-
tikken uzendret fra den lorrige regering
med undtagelse af klausulen om struk-
turrevisionen som er et nyt element.

Industriministeren  nedsatte 1
september 1987 en arbejdsgruppe for at
udfere en prefeasibilitystudie  af
bygning afetaluminium-smeltevaerk pa
180.000 tons arskapacitet ved siden af
det eksisterende  smeltevaerk i
Straumsvik, ca. 15 km syd for Reykjavik.
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Arbejdsgruppen indgav en indstilling i
januar midned som pegede pa at et
sadant smeltevaerk, bygget i to etaper |
drene 1991 - 1994, ville fremvise en
akceptabel rentabilitet. Man besluttede
at praesentere dette resultat for euro-
paiske aluminiumproducenter som
havde vist interesse for at deltage i en
udvidelse af den islandske aluminiu-
mindustri, og undersnge mulighederne
forat etablere et fielles studieselskab for
en mere dybtgidende analyse af disse
muligheder. Projektet fik navnet
Atlantal. P4 et mede i London den 14.
juni mellem reprasentanter for den
islandske regering og fire europeiske
aluminiumproducenter, nemlig
Alumined Beheer N.V., Holland,
Austria Metal AG, Ostrig, Gringes
Aluminium AB, Sverige og Alusuisse
S.A.. Svejts, enedes man om at oprette
et sddant studieselskab som skulle fore-
tage en grundig feasibilitystudie af
Atlantalprojektet. Samtidig indledtes



droftelser mellem Atlantal-gruppen og
islandske myndigheder om en samar-
bejdsafiale for det nve smeltevaerk og
om kraftpriser.

Man venter at bade feasibilitystu-
dien og et udkast til en samarbejdsaftale
og til en kraftkontrakt med Lands-

virkjun bliver faerdig i forste kvartal af

1989. Hvis resultatet af studien bliver
positivt kunde enendelig beslutningom
bygningen af smelteveerket tages i for-
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ministeriet og Landsvirkjunifaellesskab
et markedskontor for energi med det
formal at markedsfore islandsk energi il
energikreevende industrier i landet eller
til eksport.

I januar maned fandt orienterende
droftelser sted mellem den islandske
industriminister og Storbritanniens
energiminister, om den i forrige arsbe-
retning omtalte eventuelle krafteksport
fra Island til Skotland. Den britiske
minister pegede pd de situationer og
muligheder som den forestiende priva-
tisering af elforsyningsindustrien i Stor-
britannien skaber for udenlandske
elproducenter som ensker at komme
ind pa det britiske elmarked.

Landsvirkjun afsluttede en studie af
rentabiliteten af en krafteksport i
februar. Resultatet var stort set det
samme som af tidligere studier, nemlig
at projektet var teknisk muligt, men pa
greensen til at veere rentabelt under
nuverende forhold. Rentabiliteten vil
imidlertid forbedres med tiden saleenge
elpriser 1 Storbritannien viser en
stigende tendens. Diskussioner mellem
Landsvirkjun og mulige elkebere efter
privatiseringen er planlagt i forste
kvartal af 1989,

Elkonsumptionen.

Elkonsumptionen i Island 1 1988
udgjorde 4417 GWh brutto, d.v.s. inklu-
sive transmissions- og distributionstab
samt elvaerkernes egetforbrug, Tilsvar-
ende tal for 1987 var 4153 GWh. Det
modsvarer en vaekst pa 6,4%.

I 1988 gik 51,7% af totalforbruget til
kraftkreevende industri mod 52,1% aret
for. Dens forbrug voksede med 5,5%.
Det almindelige forbrug voksede med
7,2% uden temperaturkorrektion; med
denne var vaeksten 3,1% . Forbruget
bestod af 3787 GWh fastkraft og 630
GWh ikke-garanteret kraft.

Elproduktionen.

Elproduktionen i Island i 1988
udgjorde 4417 GWh mod 4153 GWh

aret for. Heraf blev 94,3% produceret i
vandkraftverker (samme andel som i
1987); 5,6% i geotermiske varker (igen
uforandret andel fra forrige ar) og 0,1%i
dieselkraftvaerker (0,1% 1 1987).

Installeret effekt i islandske kraft-
veerker var 923 MW ved udgangen af
1988 (922 MW i slutningen af 1987),
hvoraf 752 MW 1 vandkraftvaerker
(uforandret fra forrige ar); 130 MW |
konventionelle varmekraftvaerker,
diesel, kondens og gasturbiner (129 MW
aret for) og 41 MW i geotermiske vaerker
(uforandret fra forrige ar).

Bygningen af Landsvirkjuns 150
MW vandkraftveerket ved Blanda i den
vestlige del af Nord-Island fortsatte i
1988, med idrifttagning i 1991 for oje.
Reykjaviks Fjernvarmevark begyndte i
1988 bygning af et geotermisk kraftvar-
mevaerk Nesjavellir i Syd-Island pa 300
MW nyttiggjort varme + mindst S0 MW
el. Som forste etape regnes der med 100
MW nyttiggjort varme ca. 1990, men
forelpbig uden elproduktion.

Elpriser.

Den 1. maj. 1988 forhejede Lands-
virkjun sin en-gros elpris med 3.7% og
med 8,0%den 1. juli. Den inflationskor-
rigerede en-gros pris den . jan. 1989 var
3,7% lavere end den 1. jan, 1988, og
33,8% lavere end den 1. maj 1984.

Prisnoteringer pa raaluminium
forblev relativt hpje i 1988, og dermed
ogsa Landvirkjuns kraftpris til Det
islandske aluminiumselskab (ISAL),
som steg fra 15,8 mUSD/kWh i forste
kvartal af1988 til 18,5 i fjerde kvartal. (fra
0,097 SEK/kWh til 0,114 SEK/kWh
ifolge kursen den 31. dec 1988).

En ny brandselprognose.

Det siakaldte Energiprognoseudvalg
udsendte i1 1988 en prognose over
forbrug af fossile brendsler i Island i
perioden 1988-2015. Nedensticnde
tabel viser et uddrag af denne prognose
(i petajoule, PJ). Forbruget bestdr til
over 90% af olieprodukter.

o Tt e S = =
G 1 forste halvdil af 1992, Mon forat  FOrDruSS- o .

dette skal veaere muligt mi Altinget KBLEROD 1987* 1990 1995 2000 2005 2010 2015
vedtage bdde samarbejdsaftalen og Opvarmning 088 027 0,12 010 0,11 0,11 0,12
kraftkontrakten for det afslutter denne Fiskefartojer 870 8066 876 874 866 857 833
vintersession, antagelig i forste halvdel Industri 513 507 497 469 465 457 453
afmaj méaned. Patrodsafendel politiske Biler 756 811 867 918 935 952 965
kontroversier i denne sag ventes dog at Luftfart 6,27 364 350 408 470 520 557
der er et solidt flertal i Altinget for pro- Skibsfart 5890 578 6,01 6,01 6,19 634 650
jektet. En anden sag er at der indenfor Svind 038 036 037 038 040 040 040
i'ﬁ‘gt":l'.lﬂgSk()Lili[iOnE‘['l synes at herske Talt. PJ 3481 31.89 3240 33.18 34.06 3471 3530

noget divergerende meninger om det.
Den 10. maj 1988 oprettede Industri-

* Virkelige tal



Foro: H. @sthagen.
Brakketransport m/helikopter.
Transporting of barracks by helicopter.
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Energipolitikk.
tortinget behandlet i juni 1988
S Energimeldingen (St.meld. nr. 38
1986-87) og Tilleggsmeldingen
(St.meld. nr. 19 1987-88). Innstillingen
fra Energi- og industrikomiteen og
debatten i Stortinget ga ingen avklaring
av spersmalet om innenlandsk bruk av
naturgass. Komiteen peker pd at det
siden framleggelsen av de to energimel-
dingene har skjedd endringer pa flere
vesentlige omrader med betydning for
en framtidig gass-strategi. Dette gjelder
bl.a. kraftbalansen, bruksomrader for
gass, distribusjon av gass og organise-
ringsmodeller for gasskraftverk i Norge.

e PP

Komiteen mener derfor at Regjeringen
ma legge fram en ny melding, eller pi
annen méite ma medvirke til at Stor-
tinget far drofte disse sparsmailene i lys
av utviklingen den siste tiden.

Stortinget sluttet seg til Regjeringens
standpunkt om at utsiktene for kraftba-
lansen tilsier at det ikke er behov for et
gasskrafiverki1991, slik at en kan utsette
vedtak om bygging av det forste storre
gasskraftverk i Norge. Det er sarlig
ettersporselen fra den kraftkrevende
industrien som forventes d bli lavere
enn de 36 TWh i 1995 som tidligere var
forutsatt.

Flertallet i Stortinget ga i debatten et
klart uttrykk for at planene for utnytting



av naturgass i innenlandsk energiforsy-
ning markerer et vendepunkt i norsk
energipolitikk som dpner nye og spen-
nende perspektiver. Komiteen under-
streker at ndr viktige sider ved innforing
av gass og gasskraft i energisystemet skal

fastlegges, ma de industripolitiske
sidene tillegges stor vekt.

Som prinsipp for prising av gass
innenlands sier Stortinget at markeds-
prinsippet skal legges til grunn. Det kan
vere rimelig 4 operere med flere
markeder innenlands slik at prisen kan
variere mellom disse markedene, men
prinsippet vil fore til om lag samme pris
innen de enkelte markeder. Prisen pi
gass bor [astsettes giennom kommer-
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sielle forhandlinger mellom selger og
kjoper.

10lje- ogenergidepartementeter det
nedsatt en ekspertgruppe under ledelse
av departementsrad Himle som skal
utarbeide forslag til en norsk gass-stra-
tegi og bl.a. fa fram «grunnlaget og forut-
setningene for & bygge opp el gass-
marked i Norge, Sverige og Danmark».
Det forventes at utvalget vil legge fram
sine konklusjoner i lapet av 1989,

Statoil, Norsk Hydro a.s, Saga Petro-
leum A/S, Oslo Lysverker, Statkraft og
Fylkeskraft @stlandet A/S har i lepet av
aret presentert de to rapportene «Natur-
gass til @stlandet» del I og del Il som
omhandler tekniske, miljomessige og
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kostnadsmessige sider ved bygging av
gassrorledning over land, ulike gasstil-
forselsalternativ samt kostnader for
kraftsektoren ved ulik lokalisering av
gasskraftverk. Rapporten har vurdert
fire alternative traseer for gassrorled-
ning fra Midt-Norge til @stlandet/
Sverige og en trase fra Karsto pa Vest-
landet. Kostnadstall 1 rapportene
antyder at det er nodvendig med et
arlige kvantum pa 7-8 milliarder Sm’
gass for a kunne gi ekonomisk grunnlag
for et gassror til @stlandet.

Petroleumslovutvalget la i mai 1988
fram sin utredning om forslag til lov om
planlegging, bygging og drift av rerled-
ning for transport av petroleum over
land (NOU 1988:18). Utvalget foreslarat
rorledninger ikke kan bygges, drives
eller eies uten tillatelse. I sin spknad om
tillatelse ma eieren palegges 4 vedlegge
en utredning av de miljemessige virk-
ninger og faren for forurensinger, samt
de ekonomiske og samfunnsmessige
virkninger som virksomheten kan ha for
andre neringsinteresser og berorte
distrikter.

Véiren 1988 har Stortinget vedtatt a
bygge ut Snorre-feltet i Nordsjeen, som
er et oljefelt med noe assosiert gass.
Gassen vil bli brukt som brensel p4 Stat-
fjordfeltet. Stortinget har videre vedtatt
a ga inn for tidligproduksjon av olje fra
Heidrunfeltet samtidig som Olje- og
energidepartementet har foreslatt
utbygging av Draugenfeltet. Bade
Heidrun og Draugen ligger pa Halten-
banken utenfor Midt-Norge. Tidligpro-
duksjonen pa Heidrunfeltet var planlagt
a starte i 1990. Assosiert gass fra tidlig-
produksjonen vil métte brennes, men
en vesentlige del av feltets gassreserver
pa40-50 milliarder Sm’ vil bli produsert
fra gasskappen sent 1 feltets levetid.
Problemer vedrorende valg av produk-
sjonslesning for tidligproduksjonen pa
Heidrun kan fore til utsettelse av plan-
lagt produksjonsstart. Assosiert gass fra
Draugen-feltet forutsettes injisert |
reservoaret fram til 1996 med mulighet
til videre injeksjon etter 1996.

Norsk oljeproduksjon ekte med om
lag 14 prosent fra 1987 til 1988 mens
gassproduksjonen var om lag uendret.
For 1989 forventes fortsatt okning i olje-
produksjonen mens gassproduksjonen
vil reduseres noe. I lopet av de 2-3
nermeste drene vil omtrent alle kjente
resterende oljefelt vaere under utbyg-
ging og oljeproduksjonen vil falle raskt
etter 1995 dersom det ikke i lopet av de
narmeste par drene oppdages nye store
oljereserver som kan utbygges.

Gassreservene pa norsk sokkel er
meget store. De pdviste reservene pi



norsk sokkel er tilstrekkelige til &
opprettholde dagens produksjonsnivi i
100 ar. Samtidig er det rimelig a forvente
at det pavises mer gass i de kommende
arene. Mulighetene for okt gasspro-
duksjon begrenses forst og fremst av
markedsforholdene. Olje- og energimi-
nister @ien har pa denne bakgrunn
lansert falgende mal for norsk olje- og
gass-politikk: «Finn mer olje - selg mer
gass!»

Samlet plan for vassdrag (St.meld.
nr. 53 1986-87) ble behandlet i Stor-
tinget i juni 1988. Flertallet i Stortinget
sluttet seg til departementes forslag til
inndeling av prosjekier i1 kategorier.
Kategori | omfatter prosjekter som kan
konsesjonsbehandles straks og omfatter
ialt12,5 TWh, en ekning pa 1,2 TWh fra
forrige gang Samlet plan ble behandlet i
Stortinget.

I kommunal- og miljevernkomi-
teens innstilling til meldingen gar komi-
teens flertall i mot at eventuelt ekt
behov for magasinkapasitet bla. i
forbindelse med innfering av gasskraft
skal gi grunnlag for 4 Kklarlegge
prosjekter i kategori 11 og III for konse-
sjonsbehandling.

Lederen for Verdenskommisjonen
for milje- og utvikling, Norges statsmi-
nister Gro Harlem Brundtland, uttalte
under en internasjonal konferanse om
luftforurensing i Toronto at det norske
energiforbruket skal stabiliseres ved ar
2000. T kommisjonens rapport fra 1987
heter det at energiekonomisering ma
veere spydspissen 1 nasjonal energipoli-
tisk strategi for en barekraftig utvikling.

Energi- og industrikomiteen peker i
sin innstilling til Stortinget om energi-
meldingen spesielt pa malsetningen om
a effektivisere og redusere energifor-
bruket. Energiokonomisering er et
omride det vil bli satset spesielt pa.
Komiteen understreker at selv om mye
av miljoulempene er av internasjonal
karakter og ma leses gjennom interna-
sjonale avtaler, har alle land et eget
ansvar for 4 giennomfore tiltak som kan
fore til bedre energieffektivitet, mer
miljpvennlig energiteknologi og bruk av
fornybare energikilder, Olje- og energi-
departementet arbeider med en ny stor-
tingsmelding om handlingsplan for
energiokonomisering som vil bli lagt
fram véren 1989.

Norges vassdrags- og energiverk
(NVE)Ial. desember 1988 framsin utta-
lelse i anledning den kommende enek-
meldingen. I denne uttalelsen presen-
teres forslag til en handlingsplan for
enek-arbeidet. Handlingsplanen setter
som mal 4 realisere 3 TWh av enokpo-
tensialetiproduksjon giennom opprust-

ning av eldre vannkraftverk og kon-
traktsfeste 2 TWh mer fastkraft fra
dagens system mot ar 2000 ved 4 presse
systemet. 1 hovedfordelingsnettet og
fordelingsnettet setter planen som mél a
innvinne 0,8 TWh, mens det pa bruker-
siden er satt som madl d realisere 43 PJ av
enok-potensialet innen ar 2000 (bade
elektrisitet og fossilt brensel).

Enpk-arbeidets betydning i energi-
forsyningen har veert fokusert gjennom
at Norges Energiverkforbund markerte
1988 som enek-aret. En undersokelse
over status i enek-arbeidet er giennom-
fort i denne forbindelse. Den viser at 80
prosent av everkene i Norge ikke har
noe aktivt enek-program. De 20 prosent
som er og har veert aktive star imidlertid
for 80 prosent av energiomsetningen.
En viktig malsetning med enok-iret har
veert 4 arbeide for et sterre engasjement
innen enek fra everkene.

Enkelte energiverk med kraftover-
skudd fra nye prosjekter har i 1988 hatt
problemer med 4 faavsatt denne krafien
giennom fastkraftkontrakter. Samtidig
har energiverk uten full dekning med
fastkraft valgt 4 kjope tilfeldig kraft fra
Samkjeringen framfor & innga nye kon-
trakter om kjop av fastkraft. Dette er noe
av bakgrunnen for en ekt interesse for
alternativer til dagens system for kraf-
tomsetning. Kraftpriser, kraftmarked og
kraftbalanse er dreftet i en rapport utar-
beidet for Olje- og energideparte-
mentet. Rapporten konkluderer med at
arbeidet med 4 effektivisere kraftmar-
kedet mé prioriteres hoyt. Pa flere hold
innen energiforvaltningen arbeides det
na videre med disse sparsmalene.

Elektrisitetsforbruk.

Bruttoforbruket av fastkrafi i almin-
nelig forsyning og kraftintensiv industri
bletilsammen 99,3 TWhil988. Detteer
en reduksjon pa 0,1% fra 1987.

1 alminnelig forsyning er bruttofor-
bruket beregnet til 67,5 TWh som er en
reduksjon pa 1,6 TWh. I giennomsnitt
var 1988 klart mildere enn 1987. Korri-
gerl til normale temperaturforhold ekte
bruttoforbruket i alminnelig forsyning
med 1.2 prosent, fra 67,1 TWh til 67,9
TWh. Veksttakten for forbruket i almin-
nelig forsyning er redusert fra 1987 oger
lavere en gjennomsnittlig vekst i
perioden 1980-87 som var pa 3,6 prosent
pr. ar. Den reduserte veksten mi ses pa
bakgrunn av den generelle pkonomiske
utvikling. Bruttonasjonalproduktet for
fastlandsekonomien ekte med 04
prosent fra 1987 til 1988, Privat konsum
ble redusert med 1.6 prosent, mens
offentlig konsum ekte med 1,1 prosent.

-

Salget av letle fyringsoljer var i 1988
9.6 prosent lavere enn i 1987. Denne
nedgangen kan forklares med tempera-
turforholdene. Energiekvivalent pris for
lettolje er for landsgjennomsnittet 25
prosent lavere enn den energiavhengige
del av husholdningstariffen for elektri-
sitet, PAtrossavdette vardeti 1988 ingen
substitusjon fra elektrisitet til olje.

Kraftintensiv industri okte i 1988
forbruket med 1,0 TWhtilialt 30,7 TWh
referert kraftstasjon. Det var vekst 1
elforbruket for alle de kraftintensive
neringer. Aluminiumsindustrien gikk
inn i 1988 med sveert hoy kapasitetsut-
nytting og pa tross av svaert gode priser
paverdensmarkedet giennom hele 1988
var elforbruket i 1988 bare 1.5 prosent
over forbruket i 1987. Markedet for jern,
stal og ferrolegeringer bedret seg bety-
delig gjennom 1988 og neringens
elforbruk ekte med vel 7 prosent.
Markedsutsiktene for kjemiske ravarer
er mer usikre og etter klar vekst i naerin-
gens elforbruk siste halvar 1987 ble
forbruket i 1988 noe redusert mot
slutten av dret. I gjennomsnitt ble
forbruket i 1988 2 prosent heyere enn i
1987.

Kraftintensiv industri har i 1988 sagt
opp flere kontrakter forkjop av fastkraft,
samtidig som ingen bedrifter harinngatt
nye fastkraftkontrakter. Som erstatning
for kraftuttak giennom faste kontrakter
har industrien kjopt tilfeldig kraft fra
Samkjeringen til priser langt under de
som tilbys i nye fastkrafi-kontrakter.

Det registrerte salget av tilfeldig kraft
til store elektrokjeler var pa 4,5 TWh
referert krafistasjon. Dette er en okning
04 TWh fra 1987. Mesteparten av
okningen kommer fra treforedlingsin-
dustrien som ogsa i 1988 har kunnet
kiope tiltfeldig kraft fra Samkjoringen til
lavere energipris enn for tungolje.
Forbruket av fastkraft i treforedlingsin-
dustrien felger produksjonen og var det
samme i 1988 som i 1987.

Denmaksimale belastning som refe-
rerer seg til det innenlandske forbruk
inntraff 1. desember og er anslatt til
17501 MW. 1 1987 var maksimalbelast-
ningen 18440 MW.

Elektrisitet dekket 1 1987 480
prosent av energi-innholdet i energibe-
rere levert til forbrukere (netto slutt-
forbruk). Petroleumsprodukter dekket
39.2 prosent og faste brensler 12,3
prosent. Fjernvarme dekket de reste-
rende 0.4 prosent.

Elektrisitetsproduksjonen.

Vannkraftproduksjonen ble i 1988
pa 109,6 TWh. Med tillegg av 0,5 TWh



varmekraft ble totalproduksjonen 110,1
TWh. Dette er 5,8 TWh merenni1987.
Produksjonenil988 erden hoyeste som
noen gang er registrert, og er 3.4 TWh
over tidligere rekord fra 1984.

Det nyttbare tilsiget til norske vann-
kraftverk var i 1988 105 prosent av det
normale. Bare i liten utstrekning har det
vaert nedvendig 4 slippe vann forbi
driftsklare maskiner. Magasinkapasi-
teten erilopetav daret okt med 0.3 TWh
og var ved arets utgang 76,8 TWh.

Pr. 1.1.1988 er produksjonsevnen for
fastkraft i det norske vannkraftsystemet
beregnet til ca. 100 TWh. Nye installa-
sjioner i lepet av dret gav en ekning i
produksjonsevnen pa 279 GWh,
Midlere produksjonsevne for hele
systemet er beregnet til 105 TWh. De
storste nye installasjonen er Tonstad
(320 MW) i Vest-Agder og Stuvane (38
MW) i Sogn og Fjordane og Ormsetfoss
(40 MW) i Nord-Trendelag. Den
samlede tilveksten 1 maskinkapasitet
var pa 421 MW. Total maskinkapasitet
ved arsskiftet var25961 MW, hvorav 314
MW er varmekraft. Statkraft eier i
underkantav 30 prosentavmaskinkapa-
siteten. Vel 50 prosent eies av kom-
muner og fylkeskommuner, og resten
eies av private og industriselskaper.

Kraftutvekslingen med nabolan-
dene resulterte i en netto eksport pd 5.6
TWh. Mot Sverige er det eksportert 4,5
TWh og importert 1,1 TWh. Eksporten
til Danmark var 2,3 TWh. Det har veert
meget liten import fra Danmark og liten
kraftutveksling med Sovjet og Finland.

Elektrisitetspriser

Statskrafiprisen for levering til
engrosforetak for alminnelig forsyning
okte fra 18,20 ore/kWh til 20,50 ore/
kWh 1. mai 1988. Stortinget har fattet
vedtak om ytterligere ekning med 7
prosent til 21,90 ere/kWh fra 1. mai
1989. Prisen er beregnet giennomsnitt
ved 6000 timers brukstid og levert ned-
transformert fra hovednetiet.

Gjennomsnittsprisen for elektrisitet
levert til husholdninger og jordbruk var
41,5 ere/kWh, alle avgifter inkludert.
Den forbruksavhengige kostnaden i en
H-4 tariff, som er den vanligste hushold-
ningstariffen, var i landsgjennomsnitt
37,2 ere/kWh inkl. avgifier, mens ekvi-
valent energikostnad ved lettoljefvring
var ca. 29,6 ere/kWh.

Den generelle elektrisitetsavgift som
belastes forbruker innenfor alminnelig
forsyning var 3,6 ere/kWh. For 1989 er
elavgiften fastsatt til 3,7 ere/kWh. For
krafikrevende industri var elavgifien 3.4
ore/kWh i 1988, med unntak av ferro-
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legeringsindustrien som ble belastet
med 2.8 ore/kWh. I 1989 vil all
kraftkrevende industri bli avgiftsbelagt
med samme sats som alminnelig forsy-
ning.

For 1989 erdet innfort prisregulering
pa salg av elektrisk kraft. Det er kun
tillatt 4 oke engrosprisene med inntil 0,9
ore/kWh og detaljprisene med inntil 1,3
ere/kWh, noe som vil gi en giennom-
snittlig prisokning pé 4 prosent.

Langtidsgrensekostnad for fastkraft
til alminnelig forsyning referert forbru-
kers vegg er beregnet til ca. 37 ere/kWh.
Det er da benyttet 6 prosent kalkula-
sjonsrente og pengeverdi pr. 1.1.1988.
Landsgjennomsnittet for energileddet i
H-4 tariffen pr. 1.1.1988 var til sammen-
ligning 31,6 ore/kWh inklusiv elektrisi-
tetsavgift.

Hovednettet.

I oktober 1988 ble den forste direkte
samkjoringsforbindelsen mellom
Norge og Finland satti drifi. Den gar fra
Varangerbotn i Norge, via Ivalo pa finsk
side og videre til Porttipatha. Spen-
ningsnivaeter220 kV, og overforingska-
pasiteten med rimelige tap er rundt 50
MW. Nérde tilknyttede nettibegge land
antas a veere videre utbygget om en del
ar, vil kapasiteten eke til 70-75 MW,

Foto: K. O. Hillestad,
Landskapsbilde fra Suldal.
Landscape from Suldal.

Maksimal overfaringsevne vil da kunne
bli henimot 150 MW,

| desember bleen 300 kV ledning fra
Aura til Orskog pa Nord-Vestlandet satt
idrift. Dette er forste seksjon aven plan-
lagt  gjennomgdende  forbindelse
mellom Aura og Hevanger-omradet.
Omtrent samtidig ble en ny 420 kV
ledning fra Kvilldal til Flesaker
driftsklar. Ved Flesaker er den koplet
sammen med tidligere bygget seksjon
Flesaker-Sylling slik at det na er gjen-
nomgaende 420 kV overfering Kvilldal-
Sylling,

Det er gijennomfort en studie av
mulige forsterkninger av hovednettet
Rana-Trondelag-@stlandet ved ulike
overforingsbehov. Nar det gjelder
utbyggingsplanene for Svartisen i Nord-
land, gar man nd inn for en redusert
utbygging pa 350 MW i forste bygge-
trinn, og med antatt idriftsettelse i 1993,
Neste trinn i utbyggingen er utsatt pd
ubestemt tid. Med den reduserte utbyg-
gingen, blir det forelepig heller ikke
behov for ny ledning Rana-Trondelag.
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foto: Hans Blomberg.

Grupp med fora 80 kW vindkraftageresat vid
Alsvik pad svddsta Gotland.

A group of four 80 kW wind power plants at
Alsvik in the south-eastern part of Gotland.

Energipolitik

egeringen lade i mars 1988 fram
Ren proposition om energipoli-
tiken infor 1990-talet (Prop 1987/
88:90). Avvecklingen av kiirnkraften
skall enligt propositionen genomftras
utan att landets elftrsorjning hotas och
utan att samhaillsekonomiska, sociala
eller miljépolitiska mal dventyras. En
reaktor i Ringhals och en i Barsebiick
blir de tvé forsta kiirnkraftreaktorer som
tas ur drift - den ena 1995 och den andra
1996. Valet har inte gjorts for att reakto-
rerna i Barsebick och Ringhals ir
mindre sikra. Barsebick har valts for att

=0 =

det ligger i ett tittbefolkat omriade och
Ringhals bl a for att arbetsmarknaden
dér ar béttre dn pa de andra kiarnkraftor-
terna. 1990 skall regeringen fatta det
definitiva beslutet om den fortida
avvecklingen samt foresla vilka reak-
torer som skall viiljas, samt ordnings-
foljden dem emellan.

Ett program for effektivare elan-
vandning och en energiteknikfond
inréttas. En forsta avstimning av elan-
vandningens utveckling gors 1990, D4
skall till exempel de fordelningspoli-
tiska konsekvenserna av avvecklingen
utvdrderas.
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Avvecklingens effekter for den elin-
tensiva industrin foljs av en sirskild
arbetsgrupp. Aven hir ska man 1990
foresla atgirder f[Or att tillforsikra
industrin rimliga konkurrensvillkor. De
Okande kostnaderna som uppstir nir ny
kapacitetskall till, maste dock fa paverka
elpriset, Fram till mitten av 1990-talet
stiger priset med 5-10 6re per kWh.

Vidare sidger man i propositionen att
kirnkraftsavvecklingen inte far leda till
att forsurningen okar - tvirtom sa
skiarps miljokraven for all energian-
vindning, Kirnkraften skall i forsta
hand ersiittas med effektivare elanvind-
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ning och i andra hand genom att
inhemska briinslen, solviirme, naturgas
mm utnyttjas istillet for elektricitet for
uppvarmning. Forst i tredje hand skall
nya elproduktionsanldggningar bli
aktuella. Principen skall vara att man tar
till hushéllningsatgirder sa linge kost-
naden for att spara en enhet elenergi dr
lidgre dn kostnaden for att tillféra en ny.

Riksdagen beslét under fGrsom-
maren att folja regeringens forslag
angiende varens energiproposition,

I en promemoria frain miljo- och
energidepartementet framkommer det
att de kraftforetag som stinger av sina
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kirnkraftverk i samband med kédrnkrafi-
avvecklingen skall fi ersittning frin
staten, forutsatt att reaktorn varitigingi
mindre dn 25 ar. Erséttningen skall
forhandlas fram mellan reaktorinneha-
varen och staten i varje enskilt fall.

Regeringen har nu slutgiltigt sagt ja
till det nya lagret for slutlig forvaring av
lag- och medelaktivt radioaktivt avfall
(SFR) vid Forsmark i Uppland.

Vattenfall har sedan nagot artillbaka
haft for avsikt att bygga ett demonstra-
tionskraftverk 1 Oxelosund av typen
kolkondens med en effekt pa 300-
600 MW el. Projektet har emellertid
lagts ned efter hdstens kommunalval, da
det numera saknas politiskt stod i
kommunen. Vattenfall s6ker nu efter
alternativa platser [6r demonstrations-
anldggningar, men intresset hos
kommunerna i landet ar [jumt.

Forutsittningarna for att bygga ut
vindkraften i Sverige dr goda. Det siger
vindkrafisutredningen SOU 1988:32
som i sitt slutbetinkande anger mojliga
ldgen for cirka 4 000 vindkraftverk - en
tredjedel p4 land och tva tredjedelar till
havs, och samtliga lokaliserade till sédra
och mellersta Sverige. Stora delar av
havsomradena lings Gotland och Svea-
land har ldmpliga vattendjup och
bottenforhallanden. De ldmpligaste
landomradena finns i Skdne och pa
Gotland. Dock rader stark opinion mot
sadan lokalisering av vindkraft ur milj6-
massig synpunkt. De foreslagna place-
ringarna utgor bl a virdefulla fritidsom-
raden och kiinsliga omraden for fiskeri-
niringen,

Effektbalansen dr idag timligen
anstrangd och vid string kyla kan man
tvingas till roterande bortkoppling,
vilket innebir att man omradesvis gor
planerade elavbrott enligt ett forutbe-
stdimt schema. Systemet dr bara nagot ar
gammalt och har édnnu inte behovt
anvindas.

Vattenfall ges nya ekonomiska styr-
former i Prop 1987/88:87. Det egna
kapitalet skrivs upp, avkastningskravet
okar och planeringen blir friare och mer
langsiktig. De skéirpta kraven pa Vatten-
fall skall frimst motas med rationalise-
ringar och - i andra hand - med hdjda
elpriser. Eftersom Vattenfall dr prisled-
ande, kommer detta pa sikt att leda till
en allméin prishdjning.

Det nya avkastningskravet skall vara
helt infort verksamhetsaret 1991, men
infors successivt 1989 och 1990. Av
vinsten skall en del limnas som utdel-
ningtill staten och en likastor del inleve-
reras som motsvarighet till skatt. Resten
far Vattenfall disponera sjilvt.



Foro: Bo Dahlin.

Reparationsarbeten pa  distributionsnédten
efter starningar p.g.a. storm och sneo.
Repairs on transmission lines afier
disturbances.

Elanvdandningen

Elférbrukningen 1988 exklusive
elpannor var 131 TWh, vilket &r ca 1%
ligre din 1987. Orsaken till minskningen
finner man i viderforhallandena. Bade
vintern ochsommaren 1988 varvarmare
in normalt medan 1987 var kallare én
normalt. Efter omrikning till normal-
temperatur far man foljande virden pa
utvecklingen av elférbrukningen.

1985-86 + 4 TWh (+ 3%)
1986-87 + 4 TWh (+ 3%)
1987-88 + 2 TWh (+ 2%)

Leveranserna till avkopplingsbara
elpannor uppgick till 7,6 TWh (5,7 aret
fore). 1988 ars elpanneleveranser dr de
mest omfattande som forekommit
hittills,

Den totala elférbrukningen i Sverige
uppgick saledes under 1988 till 139
TWh

Industrins elanvandning uppgick
1988 till 54 TWh, vilket dr 5% mer dn
1987. Mellan 1986 och 1987 steg indu-
strins elanvdndning med 6%. Hogkon-
Junkturen inom industrin visade under

1988 inga tecken pa avmattning. Av den
totala industriférbrukningen utgjordes
2 TWh av leveranser till avkopplings-
bara elpannor. Exkluderas dessa ir
arstkningen 4%. De branscher som
procentuellt o6kat sin elanvindning
mest jamfort med 1987 dr textilin-
dustrin(+ 12%) och livsmedelsindustrin
(+ 10%). Den enda bransch som har
minskat sin elanvindning ir gruvin-
dustrin. Massa- och pappersindustrin
ar, med en drsforbrukning pa 20 TWh,
den mest elintensiva  industri-
branschen.

Jirn- och sparvidgarnas elforbruk-
ning har sedan fleradr tillbaka legat stilla
paca 2,5 TWh.

Elforbrukningen inom sektorn
bostider, service, vidrmeverk m.m.
uppgick till 71 TWh varav 6 TWh
avkopplingsbar elpannekraft. Firre
konverteringar till elvirme och ett
mildare klimat har inneburit en minsk-
ning, med ca 3% jamfort med 1987.

Exporten under 1988 uppgick totalt
till 7,7 TWhvilketdr 1,4 TWhmeriéinaret
innan. Kraftutbytet med grannlinderna
resulterade 1 eft exportoverskott pa

2.6 TWh. Flera vattenrika ar i foljd har
bidragit till att exporten de senaste dren
varit omfattande. Exporten har frimst
gatt till Danmark och Finland for att
ersitta fossilkraftproduktion.

Forbrukningens hogsta timvirde
under dret och hittills hogsta december-
virde blev 25,1 GWh/h och intriffade
den 1 december mellan kI 8 och 9.
Den hogsta timforbrukningen nagon-
sin, 26,2 GWh/h, uppmiittes den
12 januari 1987.

Eltillforsel

Elproduktionen, som under 1988
uppgick till 141 TWh, lag kvar pa ungefir
samma niva som aret fore. Mellan 1986
och 1987 otkade elproduktionen med
6%. Den storsta andelen av produk-
tionen 1988 stod vattenkraften for med
49%, kédrnkraften svarade for 47%
medan fossilkraftverken svarade f6r 4%.

Vattenkraftverken producerade 69
TWh elkraft. Jimfort med 1987 ars
rekordproduktion pa 71 TWh innebér
det en minskning med 3%. Aven 1988
lig dock lingt Gver normalarsproduk-
tionen 63 TWh. Arstillrinningen
oversteg medelviardet med 13%. Det dr
andraaret i foljd med god vattentillgiang.
Magasinfyllnadsgraden var vid drets slut
ca 68%, vilket motsvarar en lagrad ener-
giméingd av 23 TWh. Det hir ir ett
normalt magasinslige vid denna
tidpunkt.

Kérnkraftverkens produktion under
1988 uppgick till 66 TWh, vilket dr 3%
mer #n aret fore. De svenska kirnkraft-
verken gick bra under 1988 i likhet med
de senaste dren. Ett fatal oplanerade
stopp intriffade. _Sdkerheten och
produktionsekonomin var god. Energi-
tillgdngligheten under 4ret blev i
medeltal 84% vilket kan jimforas med
virldsgenomsnittet 70% for ldttvatten-
reaktorer. Av de svenska reaktorerna
noterade Barsebick I det hogsta till-
ginglighetsvirdet med 95%.

Mottrycksproduktionen uppgick till
5.8 TWh vilket dr 4% mindre dn 1987.
Produktionen i kondensverk, gastur-
biner mm var 0.5 TWh, vilket ir 12%
mindre dn dret fore. 1988 ars produktion
av fossilkraft kan nidrmast betecknas
som minimiproduktion.

Importen av elenergi uppgick under
1988 till 5,1 TWh, vilket dr en kraftig
Okning jamfort med 2,2 TWh aret fore.
Importen bestar till storsta delen av
norsk vattenkraft, som dels har forbru-
kats i Sverige och dels exporterats till
Danmark och Finland.

Utbyggnaden av kraftverk har under



1988 varit timligen begrinsad. Kraft-
bolagen har svart att fa tillstind for
nybyggnad av bade vatten- och virme-
kraftverk.

Den installerade effekten 1 vatten-
kraftstationer 6kade under 1988 med 111
MW. Det enda stora tillskottet dr Galle-
jaur (101 MW) i Skelleftedlven.

Under dret har en effekthéjning med
10 MW genomforts for Forsmark. 1
Barsebick har effekten hojts med 15
MW. Den totala nettoeffekten i de
svenska kdrnkraftverken uppgick vid
slutet av aret till 9700 MW.

Négra kraftverk drivna med fossila
brinslen har inte tagits i drift under
[988. Didremot har den forsta svenska
gruppen av vindkraftverk uppforts. Det
ror sig om 4 mindre kraftverk (180 kW)
pa sddra Gotland. I Goéteborgs hamn
har ett medelstort (750 kW) vindkraft-
verk tagits i drift under aret.

Stamndt och samkornings-
forbindelser

Arbeten pagar med inriktningen att
fem av sex 220 kV overforingsledningar
frAn mellersta Norrland till Mellansve-
rige skall ersittas med tva 400 kV
ledningar. Den forsta 400 kV ledningen
med strickningen Midskog-Orebro
planeras vara idrifttagen pa hela
strickan 1991. Pi en delstriicka byggs
ledningen med den nyutvecklade «T-
stolpen» som i markplanetger visentligt
ldgre magnetisk och elektrisk filtstyrka.
Inriktningen pé det fortsatta arbetet ir
att denandra nya400 kV ledningen skall
tas i drift 1996.

For att hoja kortslutningssidkerhet
och belastningsformaga pa stamnatet
genomfors forstarkningsatgirder pa ett
flertal ledningar och stationer.

Ombyggnader pagar av serickon-
densatorstationer for att fi bort anldgg-
ningar som innehaller PCB. Arbetena
syfiar till att alla PCB-anldggningar skall
vara borta 1995.

En andra samkorningsforbindelse
for hogspiand likstrom (HVDC) mellan
Lindome pd svenska vistkusten och
Vester Hassing pa Jylland, Kontiskan 2,
togs i drift den 1 november 1988.
Anldggningen dr utford for nominella
spanningen 285 kV och har 6verforings-
formagan 300 MW i bada riktningarna.
Den nya HVDC-forbindelsen skall
ersdtta tidigare existerande forbindelse
Kontiskan 1, som togs i drift 1965 och
som nidrmar sig slutet av sin teknisk-
ekonomiska livslingd. Under ndgra ar
kommer de bida HVDC-forbindel-
serna att drivas parallellt.

NORDEL 19838

Elpriserna

Vattenfall har haft en l6pande kon-
traktstid  for  hogspinningskunder
gillande frin 1984 till 1988 medan
Sydkraft under 1988 haft ettdrsavtal.
Savil Vattenfalls som Sydkrafts hog-
spanningstariffer var 2,5% hogre under
1988 jamfort med 1987. Prisutveck-
lingen inom andra kraftforetag har varit
likartad. Inflationen under 1988 uppgick
till ca 6%.

Den1januari 1988 hojdes Vattenfalls
lagspianningstariffer med 4%. Motsvar-
ande hojning inom Sydkrafts distribu-
tionsomrade var 3,5%.

Under 1988 var energiskatten pa el
5 ore per kWh for industrier. For dvriga
kunder ar elskatten 7,2 ore per kWh
utom i vissa delar av norra Sverige dir
den dr 6.2 ore per kWh. For elenergi,
eldningsolja och fasta brinslen som
anvinds i viss industiell tillverkning kan
regeringen efter provning fran fall till fall
medge nedsittning av energiskatten till
1,7% av de tillverkade produkternas
forsidljningsvirde.  Avkopplingsbara
leveranser till elpannor har dven under
1988 varit befriade fran elskatt under

perioder da elenergi inte producerats i
oljeeldade kraftverk.

Foro: Bengt Johansson.

Arbete pa den forsta avde tva400 KV kraftled-
ningar som skall ersétta fem av sex 220 kV
overforingsledningar mellan Norrland och
Mellansverige.

Construction of a 400 kV transmission line
hetween the northern and the middle part of
Sweden. Five 220 kV transmission lines are
going to be replaced by two 400 kV lines.
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Artikelen har sammanstillts av Nordels
Virmekraftutskott med hjilp av ad hoc-
gruppen for miljofrigor samt Drifts- och
underhallsgruppen.

Introduktion

ehovet att skydda och bevara
miljon gér sig allt starkare
pidmint badde i nationella och
internationella sammanhang. Elprodu-
centerna inom Nordel féljer uppmirk-
samt med utvecklingen och gar mal-
medvetetin foratt hela tiden med rimlig
marginal leva upp till gillande miljo-
krav. Det bedrivs en aktiv forskning
kring energisnala och miljomissigt
avancerade tekniker for elproduktion.
Elektricitet dr oflta den bista
losningen nir det giller att forbéttra
miljon. Det giller savil inomhusmiljén
med bittre belysning, luftkonditione-
ring och ljudlsa rokfria maskiner, som
den yttre miljon med eldrivna tig och
andra transportmedel, energifGrsorj-
ning till storforetag och eluppviarming.
Produktionen av elkraft genom
virmekraftteknik betraktas diremot
ofta som en av sambhiillets stora forore-
ningskillor. Kraftverken kan paverka
dels nidrmiljon med buller, stoft m.m.,
dels ocksa fjdrrmiljon genom olika luft-
fororeningar.
Elproducenternastiremellertidinte
radlosa. De minimerar paverkan av
nidrmiljon genom bullerisolering, parti-
kelrening och inbyggning av anligg-
ningen. Samtidigt har fjarrmiljon under
det senaste artiondet varit foremal for
omfattande  forbéttringsatgirder. [
denna artikel beskrivs situationen i de
nordiska linderna och vilka dtgiirder de
nordiska elproducenterna inom Nordel
vidtagit for att dstadkomma en biittre
fjarrmiljo. Virmeproducenternas
paverkan pa miljon ar likartad elprodu-
centernas.

Forsurningsproblemen ar
valkanda

Energiproduktionen medverkar till
miljobelastningen frimst da fossila
brinslen kommer till anvindning. Vid
forbrinningen av fossila brinslen som
kol, olja och naturgas avges bla.
koldioxid (CQ,), vatteninga svavel-
dioxid (SO,) och kvdveoxider (NO, ) till
atmosfiaren. 1 atmosfiren omvandlas
SO, och NO, efterhand till svavelsyra
och salpetersyra, som kan paverka
miljon pé flera olika sitt - ekologiskt,
materiellt och hilsomassigt.

Ar1987 var ca15%av Nordens elpro-
duktion baserad pa fossila branslen och
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bidrog pa sé vis till det globala utslidppet
av svavel. Eftersom vattenkraften och
kiirnkraften utgér en stor del av produk-
tionen inom Nordel-omradet, ar svavel-
utsldppen hér relativt sett mindre in i
minga andra industrilinder. A andra
sidan fir de nordiska linderna ta emot
stora méngder svavel frin andra lander
och har alltsa, trots relativt litet eget
bidrag, ett forhallandevis omfattande
nedfall av svavel.

Nedfallets roll som forsurande
miljéfaktor har redan i flera ar varit ett
angeliget debattimne. Minskningen av
fiskbestandet i ett stort antal sjoar i
Sydnorge och sddra Sverige pa 60- och
70-talet var i forsta hand orsaken till
debatten om eventuella miljoskador till
foljd av sur nederbdrd. Man hade iakt-
tagit ett samband mellan sjunkande pH
(forsurning) och samtidigt biologiska
forindringarisjoarna som var s kraftiga
att man allmént borjade tala om «ddda
sjdar». Det ar karakteristiskt for dessa
sj0ar att de blir klarare. De mest idgon-
fallande biologiska forindringarnadratt
manga fiskarter forsvinner - i synnerhet
laxfisk - samtidigt som forsurningsta-
liga tradalger och vitmossor breder ut sig
pa sjébottnen. Manga viktiga arter av
ryggradslosa djur forsvinner, nedbryt-
ningen av organiska dmnen gir lang-
sammare sd att ekosystemet generellt
blir artfattigare och mindre produktivt.
Manga naringskedjor dndras ocksa radi-
kalt pa grund av att rovdjur och byte
forsvinner.

Forsurningen ér idag ett viilkéiint och
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Norge

3 NORDEL
Udsendelse 1986 t 0 218.000 40.000 156.000 202.000 616.000
Nedfald 1986 1 32.000 162.000  386.000 662.000 454.000 1.696.000
Opplysninger [rta EMEP-beregninger (The Norwegian Meteorological Institute, August 1988)

Sverige

vetenskapligt dokumenterat fenomen.
Sverige, Norge och Finland ar sarskilt
drabbade eftersom de har en mycket
kalkfattig jordgrund. I syfte att snabbt
och pa kort sikt forbéttra situationen till-
siitts ofta kalk i de forsurade sjdarna. En
forbittring pa ling sikt kan dock uppnas
bara genom att utslippen av forsurande
dmnen minskas internationellf.

Visttyskland, Holland och Osterrike
har hunnit relativt sett ldngst nir det
giller atgidrder mot svavelfororening.
De nordiska linderna behdver dock inte
skimmas for sina insatser och kan gott
framsti som f[oredome for de flesta
'civnfa lander i Europa.

tgirderna mot de forsurande

dmnena koncentrerades till en borjan
till svavel, men idag d4r man i lika hog
grad sysselsatt med att reducera
utslippen av  kvéveoxider (NO,).
Utsldppen av NO, hidrstammar fraimst
fran transportsektorn och fran energi-
produktionen. Spridning, fjarrtransport
och nedfall av SO, och NO, har beskri-
vits i olika datamodeller som visar
varifrin nedfallet i enskilda omraden
hiarstammar.

I figur 1 visas resultatet av sddana
berikningar for SO, for Norge, Sverige,
Finland, Island och Danmark.

Drivhuseffekten undersoks

Drivhuseffekten och méjligheten av
en global uppviirming har diskuterats
snart 100 ar - under de senaste aren med
starkt vixande intensitet. Den populdra
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«Drivhus-effekten»
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Vanndamp, CO; og andre «drivhus»-gasser
absorberer varmestralingen fra jordoverflaten

Vanndamp CO;

bendmningen har uppstitt genom att

koncentrationerna av s.k. drivhusgaser

- med CO, som den viktigaste - verkar

som glaset pa ett drivhus pa virmeut-

strilningen frin jorden.

Det debatteras for narvarande huru-
vida de klimatobservationer som hittills
utforts har visat nigra tydliga tecken pa
de forutspadda forandringarna i jordens
klimat. Stora naturliga variationer kan
ocks4 forekomma.

Trots en allmin osiikerhet angdende
effekten av stigande koncentrationer av
CO, och andra drivhusgaser (freonfore-
ningar, metan, N,O och ozon) och pafol-
Jjande eventuella klimatidndringar rader
det inom forskningen enighet i fraga om
foljande:

- koncentrationen av CO, och andra
drivhusgaser i atmosfiren ir stigande.
CO,-koncentrationen har stigit frain ca
280 ppmislutet 1800-talet till 348 ppm
ar 1988.

- under de senaste 30 dren har koncen-
trationen av CO, i atmosfiren stigit
med drygt 1 ppm perér, dvenom CO--
utsldppen frian olika aktiviteter som
ménniskorna skapat under samma
period har tredubblats,

- temperaturen pa det norra halvklotet
har stigit med i genomsnitt ca 0,6°C
sedan sekelskiftet.

- detriderett visst,om ockséa inte enkelt
samband mellan CO,-emissionerna
fran fossila branslen och Gkningen av
CO, koncentrationen i atmosfiren.

- klimatmodellerna {or forutsédgelse av
temperaturen dr dinnu inte palitliga.

- ifall drivhuseffekten inte existerade,
skulle jordens medeltemperatur vara
ca, 30°C lagre.

Drivhuseffekten lederenligt somliga
experter till betydande fordndringar i
jordens klimat, med dértill horande
negativa och positiva eftekter. Det ar
emellertid viktigt att sla fastatt utsldppet
av CO, inte ensamt bir ansvaret,

Ansvaret for en mojlig 6kningavden
globala medeltemperaturen kan pa
basen av vissa utrikningar fordelas pa
foljande sétt, under forutsitiningatt den
nuvarande briansleanvindningen 1
virlden halls konstant:

15% CO, fran forbrinning av olja

15% CO, fran forbrinning av kol

10% CO, frin forbrinning av

naturgas

10% CO, fran rojning av huvud-

sakligen regnskog

S50%andra  drivhusgaser: metan

(CH,), lustgas (N,0), ozon (O;) och

freonforeningar (CFC-gaser).

Freonforeningarna har samtidigt en
nedbrytande effekt pd jordens skyd-
dande ozonlager. Under de senaste aren
har detta problem ignats ett allt storre
intresse bland forskare.

Internationella overens-
kommelser mot luftfor-
orening

Arbetet mot forsurningseffekten av
SO,-och NO,-utslipp inleddes pa inter-
nationellt och nationellt plan i mitten av
70-talet.

Pi det internationella planet har 34
linder och EG-kommissionen under-
tecknat en konvention om langviga
grinsoverskridande  luftféroreningar,
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utformad av FN:s ekonomiska kommis-

sion for Europa (ECE) i Geneve den

13.11.1979. Geneve-konventionen har

sedermera utvidgats med ett svavelpro-

tokoll som syftar till att minska
lindernas samlade SO,-utslipp med

30% under perioden 1983-1993 i rela-

tion till emissionerna ar 1980. Svavel-

protokollet har undertecknats av 21

linder. Protokollet har ratificerats av 16

lander, bland dem Danmark, Finland,

Norge och Sverige. Det tridde i kraft

den 2.9. 1987.

De nordiska linderna har dérefter i
samnordisk regi beslutat om minskning
av SO,-utslippen med 50% eller mer
fram till r 1995, jamfort med 1980 ars
niv.

Ar 1988 har Danmark, Finland,
Norge och Sverige tillsammans med
tolv andra linder undertecknat en
deklaration i anslutning till svavelproto-
kollet som forpliktar ldnderna att
minska NO,-utslippen frin samtliga
killor - kraftverk, bilar, industri etc. -
med minst 30% fran och med 1998.
Danmark har ocksid som medlemavEG
forbundit sig att begrinsa utsldppen av
SO, och NO,. Alla de nordiska linderna
har nationella begrinsningar av SO, och
NO,-utslipp, som det dock skulle bli
alltfor omfattande att ga in pa i detta
sammanhang.

Koldioxidutslippen togs upp vid en
konferens i Toronto i juni 1988. Konlfe-
rensen rekommenderade en total
minskning av CO,-utsliippen med 20%
av 1988 ars niva, som skall vara genom-
ford ar 2005.

Aktionen mot utsldpp av freonfore-
ningar inleddes med det s.k. Montreal-
protokollet fran september 1987, som
alla de nordiska linderna har under-
tecknat.  Protokollet innebidr att
utslippenav de olika freonféreningarna
i 24 linder skall reduceras med 50%ftre
dr 1999, Sverige antog i juni 1988 en
reduktionsplan enligt vilken anvind-
ningen av freonforeningar i stort sett
upphor fran den 1.1. 1995, och i Norge
dryftas ett liknande forslag.

Brundtland-kommissionens rapport
fran 1987 om miljé och utveckling, «Vir
gemensamma framtid», ger en rad
rekommendationer inom energisek-
torn som kan sammanfattas i foljande:
- Anviindningen av fossila brinslen

maste begrinsas av hiansyn till miljon.

- Utvecklingen avenergiforbrukningen
ochenergieffektiviten maste indrasav
hinsyn till miljon.

- Utsldppen av SO, och NO, maste
begrinsas pa grund av forsurnings-
problemen.

- Drivhuseffekten maste tas pa allvar.
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Ammoniakkinnsproytning (NH;)

Prinsippet i et SCR-anlegg som spalter NO i rent kvelstofl (N3) og vanndamp

Reaktor

Det idr en internationell uppgift att
forsoka losa problemet.

I Danmark limnade regeringen i
december 1988 en handlingsplan som
uppfolining av rekommendationer i
Brundtlandkommissionens rapport. |
de dvriga linderna diskuterades Brundt-
landrapporten ocksa. Ar 1990 hills en
uppfoljande konferens i FN:s regi i
Bergen.

Madnga metoder for
avsvavling

Fossileldade kraftverk (kol, olja, gas)
kan idag utrustas med teknik for langt-
giende rening av svavel och
kviveoxider. Den reningsteknik som
anviinds varierar beroende pa krafiver-
kets typ, storlek, drifitid, bréinsle och
reningskrav.

Stringa miljolagar har i bl.a. Vist-
tyskland och Japan resulterat i en
massiv satsning pa reningsanldggningar
till framfor allt kolpulvereldade krafi-
verk., Reningsankiggningar kan emel-
lertid inte installeras utan komplika-
tioner eftersom de medfor nya kemiska
processer, krdver utrymme och okat
underhill, ger simre verkningsgrad och
stiller krav pa hantering av nya restpro-
dukter.

Foravsvavling av rokgaser finns idag
ca 200 metoder beskrivna, av vilka 5-6
ir seritsa. | dessa processer forvandlas
rokgasernas innehdll av svavel pa
kemisk vig till sulfit, gips, elementar
svavel-ammoniumsulfat eller svavel-
syra. Tvé av dessa metoder har fatt vid-

strickt utbredning och man har redan
nagra ars erfarenhet av dem. Deras
prestanda och tillgiinglighet i samband
med storre kraftverk har visat sig fullt
acceptabla.

De tvd metoderna ir vat respektive
vit-torr metod. Helt dominerande i
viirlden numera édr den vita metoden
med gips (Japan och Viisttyskland) eller
deponislurry (USA) som slutprodukt.
Den vat-torra metoden ger en restpro-
dukt som idag deponeras, men stora
anstringningar gors for att hitta anviand-
ningsmojligheter {or den, t.ex. som
utfylinadsmaterial vid vag- och anlagg-
ningsarbeten.

Utom Norden ér det frimst i USA,
Japan och Visttyskland man har bety-
dande erfarenheter av rokgasavsvav-
ling. Enbart i Visttyskland fanns ar 1986
bestillningar pa ca 130 anldggningar for
ca 35000 MWe, Storsta delen av dessa
var satta i drift fore den 1.7. 1988. Over
90% av dem [ungerar enligt den vita
metoden.

De anliggningar som idag dr i drift i
Norden - sex i Sverige och en i Finland
(Helsingfors) - édr dock av den vit-torra
typen. Pd Studstrupsverket pa Jylland
tas Danmarks tva [Orsta vat-torra anligg-
ningar i bruk 1989 respektive 1990. De
forsta vita avsvavlingsanlidggningarna i
Norden tas i drift paA Amagerverket och
Avedoreverket i Kopenhamn 1989
respektive 1990,

Den vita metoden dr limpad att na
héga avsvavlingsgrader édven vid kol
med hog svavelhalt. Denna metod dr ca
15-20% dyrare i anliggningskostnader
an den vat-torra, men har lagre drifts-
kostnader pa grund av billigare ravara,
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Till den vita metodenanviinds kalksten,
medan den vit-torra behover brind
kalk. Totalekonomiskt dr de bada meto-
derna ungefir likvirdiga. Metoderna dr
emellertid dyrbara att anvéinda i anlidgg-
ningar med intermittent drift, d.v.s.
topplastanliiggningar som startas och
stoppas varje dag,

Restprodukter dteranvinds
eller deponeras

Flygaska har hittills varit den enda
restprodukten fran den koleldade kraft-
virmeproduktionen. Nir det giller
flygaska har det under tidens lopp
byggts upp en marknad for ateranviind-
ning bl.a. inom cementindustrin. Under
ar1986 ateranvindest.ex. cal,7 milj. ton
aska och slagg frin de danska kraft-
verken. Det motsvarade 118% av
produktionen det aret, vilket mojlig-
gjordes av att en del tidigare deponerad
aska grivdes upp. Mdlsédttningen ir att
ocksa for avsvavlingsprodukterna fa en
omfattande anvindning. Flera av
avsvavlingsprocesserna medfor restpro-
dukter, som antingen kan ateranvandas
eller deponeras.

Restprodukten fran vat-processen,
gips, kan ersitta naturgips inom flera
anviindningsomraden. Den  storsta
mingden kan anviindas vid produktion
av gipsplattor, men ocksd i cementpro-
duktionen kan avsvavlingsgips ersitta
den hittills anviinda gipsen. Avsvav-
lingsgips ir siledes en produkt som har
goda avsittningsmojligheter. En massiv
satsning pa avsvavling med gips som
restprodukt kan dock leda till att
gipsproduktionen Overstiger avsitl-
ningsmojligheterna i respektive land.
Stort arbete ldggs numera ner pa att
finna mer anvindbara gipsprodukter.

Utdver denna restprodukt medfor
den vdta processen ett utslipp av
avloppsvatten som kan kriiva speciell
rening. DA avloppsvattnet renas, resul-
terar det i en ny restprodukt, en form av
slam, som sedan ateranvinds eller
deponeras.

Kostnaderna for svavelrening har
beriiknats for nordiska forhallanden och
visas i tabellen i foljande kapitel. Av
tabellen framgir hur kostnaderna
paverkas av kraftverkets drliga driftstid
och vald avskrivningstid. Bade investe-
rings- och driftskostnader ingar. [ gynn-
samma fall, da kraftverket antas vara
igAng hela aret (6 000 h), dr kostnaden
for att rena 90% av svavelslippet ca 3
ore/kWh.



Avskiljning av kvaveoxider

For att klara stringa miljokrav vid
utslipp av kvdveoxider utnyttjas bade
forbrinningstekniska atgérder i pannan
och rokgasrening. Moderna pannor
konstrueras sa att uppkomsten av NO,
minimeras. Det innebiir bl.a. att briin-
narna gors som s.k. low-NO, brinnare
och att pannan i 6vrigt ar konstruerad
for att ge en lig NO,-bildning. Detta
rickeremellertid inte alltid foratt na till-
rackligt liga utsldpp av kviveoxider pi
stora och nya anliggningar. Processer
for rening av rékgasen maste di ocksa
installeras.

Den enda metoden som forverkli-
gats kommersiellt i stor skala #ir en kata-
Iytisk reningsmetod, den s.k. SCR-
processen (Selective Catalytic Reduc-
tion). Denna metod klarar renings-
grader upp till 80%. SCR har utvecklats i
Japan, dir tekniken bérjade installeras
1975 och dir det idag finns éver 200
anldggningar i drift. T slutet av 1984 var
den totala SCR-kapaciteten i Japan
25000 MWe, dirav 20% koleldade
anldggningar.

I Europa har utvecklingen gatt
snabbt. Ar1984 fannsingenanliggning i
drift, 1987 fanns ca 8 000 MWe och 1990
berdknas SCR-anldggningar med en
sammanlagd kapacitet pi ca 12 000
MWe vara i drift. Den helt évervigande
delen av dem finns i Visttyskland.

Principen for katalytisk rening ir att
ammoniak doseras in i rokgaserna
innan de nar katalysatorn. [ katalysatorn
sker sedan en omvandling av
kviveoxider till vanlig kviiveas och
vatten.

Péd samma sitt som for svavelrening
har kostnaderna for rening av
kviveoxider beriknats enligt nedan-
stdende tabell.

- ! ! Kostnad
D?t?)w Avslzg;n.ud (6re/kWh
SO, | NO,

6000 29 2.7 2.4
10 3.6 ol

4 000 25 3.3 29
10 47 39

For kraftverk som fungerar som
topplastverk med mindre drifttimmar
blir kostnaden for avskiljning av sdviil
SO, som NO, betydligt hogre. Renings-
resultaten blir ocksd simre till foljd av
den alltfor korta drifttiden p.g.a. star-
terna.

Omfattande forskning
i Norden

I bl.a. de nordiska linderna pagar ett
omfattande utvecklingsarbete for att
finna nya processer for rékgasrening.
Milsittningen édr huvudsakligen att
hitta alternativa restprodukter, billigare
anldggningar och allmint taget att bidra
till den industriella utvecklingen. Det iir
t.ex. friga om processer med svavelsyra
eller rent svavel som restprodukt samt
teknik [6r samtidig reduktion av svavel
och kviveoxider. Nir det giller kataly-
tisk rening fors6ker man ocksa utveckla
katalysatorer for hogre och lidgre rokgas-
temperaturer dn vad dagens katalysa-
torer klarar av.

En metod att avldgsna bide SO, och
NO, har provats i Danmark, forst vid en
pilotanlidggning pd Amagerverket och
senare vid en demonstrationsanligg-
ning pd Skaerbaekverket. Metoden -
den s.k. SNO,- processen - har ren
svavelsyra som restprodukt. En fullska-
leanldggning pa 300 MW ir beslutad.
For reduktion av NO, enligt SCR
metoden har pd  Stigsnaesverket
uppforts en demonstrationsanliggning
for utveckling och avprévning av kataly-
satoren.

Ettannat danskt utvecklingsprosjekt
syftar till en fullskaleanliiggning f6r
kvévereduktion enligt en icke-katalytisk
reningsmetod, den s.k. SNR-metoden
(Selective Noncatlytic Reduction).
Meningen ar att minska kviveemissio-
nerna med minst 60%och med ett maxi-
malt utslidpp av oreagerad ammoniak pa
15 ppm. Testresultaten har varit goda vid
lag belastning. Vid full belastning har
resultaten inte varit tillfredsstillande
och olika majligheter Gvervigs {or att
utvidga temperaturomridet for
processen.

Vid Inga kraftverk i Finland instal-
leras nya low-NO, brinnare inom
ramen for ett forsknings- och utveck-
lingsprojekt dir syftet dr att klarligga
hur effektiv kviavereduktion man kan
uppnd och samtidigt berikna en realis-
tisk kostnadsniva.

En fullskaleanldggning for avskilj-
ning av svavel enligt en ny metod har
testats | Finland fran borjan av 1988,
DennaiFinland utvecklade s.k. LIFAC-
metod baserar sig pd injektion av
kalksten i processen. Avsvavlingskost-
naderna enligt LIFAC-metoden iir
visentligt ldgre dn vid andra kommer-
siella metoder, speciellt i samband med
mindre kraftverk. Metoden ir ocksi
konkurrenskraftig vid stérre redan exis-
terande kraftverk.
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Nya kraftverkstekniker

Idag sker storskalig kolbaserad
elproduktion uteslutande med kolpul-
vereldning, Avdennateknik finns det ca
50 ars erfarenhet. De mest niirliggande
alternativen till konventionell kolpulver-
eldning under utveckling ir:

- atmosfiriska fluidiserande biddar
- trycksatta fluidiserande biddar
- forgasning

De «konventionella» atmosfiriska
fluidbdddarna domineras av  tvd
tekniker - den bubblande och den
cirkulerande biddden. For dessa typer
giller att forbranningen sker med
samtidig svavelabsorption genom kalk-
tillsats till bidden. For att erhilla god
svavelavskilining krivs att tempera-
turen hélls mellan ca 800 och 900°C.
Eftersom forbrianningstemperaturen ir
lag, dr dven bildningen av kviveoxider
lag.

I en trycksatt fluidiserande bidd
astadkoms trycksittningen med hjilp
av en kompressorforsedd gasturbin dar
den trycksatta bidden utgor brinnkam-
mare. En kombicykel erhills genom att
rokgaserna dessutom kyls ned genom
endangprocess med angturbin, Aven hir
sker forbranningen vid lig temperatur,
vilket innebdr goda forutsittningar for
svavelavskiljning direkt i bidden. Fyra
sidana anldggningar har bestiillts, var
och en med en termisk effekt av 200
MW. Tva av dem byggs i Stockholm.

Pa grund av sin miljoviinlighet ir
naturgasen ett framtidsbrinsle. Med
gasens Okande anvidndning utvecklas
ocksa processerna sd att de blir billigare
och utnyttjar briinslet bittre.

I ett forgasningskraftverk forgasas
kol eller andra fasta briinslen till en
brannbar gas. Denna gasdriversedan en
kombicykel. Den brinnbara gasen
renas [rin svavel och stoft innan de
forbrinns i en gasturbin eller en diesel-
anliggning. Mycket liga utslipps-
vardenkan pidettasitt uppnds. Anligg-
ningaravdenna typ planeras pa flera hill
i Norden. Utanfor Norden finns redan
ett flertal demonstrations- och pilotan-
laggningar.

De nyatekniker som minskar luftfr-
oreningarna skapar i stillet andra och
nya miljoverkningar i form av restpro-
dukter och spillvatten. Dessa nya
miljoeffekter arbetar elproducenterna
paattlosaviden framtidaanviindningav
nya tekniker,

Miljon staller kray pad den
nya tekniken
Vidare utveckling av en miljdvinlig



el- och viirmeproduktion forutsétter ett
energisystem baserat pa sivil vatten-
kraft och kidrnkraft som pa fossila
brinslen, d.v.s. kol, olja och naturgas
samt p4 nya energikéllor som vindkraft,
solpaneler, brinsleceller och biomassa.

Vattenkraft och kidrnkraft ger inga
luftféroreningar. En fortsatt satsning pé
och utveckling av dessa energikéllor
innebdr miljomdssiga fordelar i friga
om utsldpp av S0O,, NO, och CO..
Sasom tidigare konstaterats ir andelen
vattenkraft och kédrnkraft inom Nordel-
omradet stor, liksom ocksa samproduk-
tionen av virme och el. Dirfor ir
utslappen relativt sett mindre 4n frin
manga andra industrilinder.

Den nordiska energiproduktionen
maste fortsdttningsvis till en del basera
sig pa fossila brinslen. Miljomissigt dr
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naturgasen det bista branslet, men
globalt sett dr gasresurserna de mest
begransade. Trenden pekar ocksd pd en
fortsatt utveckling av tekniker for
forbranning och rikgasrening, med
biittre miljé som resultat. En annan
utveckling dr 6kad samproduktion av el
och virme samt storre elproduktion i
forhallande till viirmeproduktion.

Det blir i framtiden ocksd nddvin-
digt med miljomissiga och ekonomiska
overviganden huruvida nya tekniker
och energikiillor skall testas 1 decentrali-
serade energisystem eller i samband
med en centraliserad energiforsorjning.
Det blir ocksa fraga om Gverviganden
huruvida el skall ersitta direkt anvind-
ning av brinsle foratt minska den lokala
luftfororeningen.

Nordisk elproduktion ar
mangsidig

De nordiska linderna har mycket
olika system for produktion av el och
virme. Danmark kan karakteriseras
som ett kolkraftland, Norge och Island
som vattenkraftlinder, Sverige som ett
kidrn- och vattenkraftland och Finland
som en kombination av dem alla.
Gaskraftens andel och betydelse
forvintas okaiallalander. Inom Nordel-
omradet sker 85% av den totala elpro-
duktionen med kirnkraft och fornybar
vattenkraft. Av den totala energikonsu-
mentionen inom Norden utgor elpro-
duktionen 30%.

Miljomassigt dr det en fordel att
energisystemet i Norden édr baserat pa
olika produktionsformer. De nordiska
elproducenterna star pa si sitt vilrus-
tade infor utvecklingen av ett méingsi-
digt energieffektivt, energisparande och
diarmed miljovinligt energisystem.

Foto: Bengt Johansson.

Svmbolbild (fran bergarbeten pa vattenkrafi-
stationen Slagnds i Skellefie dlv).

Species of rock (from the hydro power plant
Slagnds in the river Skellefte dlv.)
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ordel, founded in 1963, is an
N association for people active in

the field of power supply in
Denmark, Finland, Iceland, Norway
and Sweden. It is an advisory and re-
commendatory organization aimed at
promoting  international,  mainly
Nordic, cooperation in the field of
production, distribution and consump-
tion of electric energy.

Nordel has the following permanent
tasks:

- to continously follow developments
in production and consumption of
electric energy in the Nordic countries

- tocompile consumption forecasts and
extension plans drawn up in the
respective countries

- topublishanannual report containing
information about work completed
during the year within Nordel, infor-
mation about power supply in the
Nordic countries, special articles and
statistics.

Island
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A considerable amount of Nordel’s
work takes place in standing and special
committees. The committees include
specialists from various ficlds of energy.
Each country has a contact person to
collect statistics and other periodical
information. Within Nordel there are
also contact people in many interna-
tional organizations.

The chairman of Nordel is elected
for a period of three years. The chair-
manship circulates among the coun-
tries. The chairman appoints a secretary
and is responsible for the secretariat.



drastically during the course of the

year, giving a total production
growth stronger than expected. For the
OECD area, the 1988 growth estimate is
approximately 4%, while the 1987 esti-
mate has beenadjusted upwardsto 3.6%
on the basis of new statistics. Total
production growth in Western Europe
has not been this high since 1976.

The rise in prices in the OECD area
was slightly higher than the preceding
year, with consumer prices rising 3.75%
in contrast with 3.6% in 1987. Prices
showed a tendency to climb throughout
the year. Unemployment in the OECD
ared has also gone down in recent years,
though it is still high. Greatest drop was
in the US, where the 1988 average was
5.5% of the work force. Western Europe
had an average unemployment of
10.25%.

Economic developments in the
Scandinavian countries continued on a
scparate course in 1988. Finland showed
the strongest economic growth by far, at
4.6% of the gross national product.
Sweden had a weaker showing, at 1.4%
growth, while Norway showed 1.5%
growth in GNP. Denmark’s GNP was
more or less unchanged from 1987 to
1988. Iceland experienced a 1.5%
decline, with continuing high inflation
and a 20.6% increase in consumer
prices. Prices rose moderately in
Norway, at 6.7%, in Sweden at 6.3%and
in Finland at 5.1%. Denmark had an
inflation of 4-5%. Unemployment was
still highest in Denmark, at9.5%, and in
Finland at 5.1%, Norway averaged out at
3.2%, though with rising tendencies
throughout the year. Unemployment
was low in Sweden and Iceland, at 1.1%
and 0.7% respectively.

The main impression continues that
the Nordel region has higher inflation
than the OECD area, while unemploy-
ment is substantially lower.

The total consumption of electric
power in the Nordel countries took a
moderate climb in 1988, at 0.6% higher
than in 1987. Gross consumption was
323.7 TWh, not including 13.0 TWh
power delivered to electric boilers.
Developments varied from country to
country. Consumption increased in
Denmark by 1.2%, in Finland by 4.2%
and on Iceland by 6.3%. Norway and
Sweden experienced a slight drop in
consumption by 0.1%and 0.7%respecti-
vely. Sweden had the greatest consump-
tion of electric power, at 131,2 TWh.
Consumptionin Norway was 99.2 TWh.
in Finland 58.6 TWh, in Denmark 30.4
TWh and on Iceland 4.3 TWh.

Intemational trade conditions altered

Hyvdroelectric power is the domina-
ting source of power production in
Nordel. In 1988, it was 195.9 TWh. or
59% of the total production of 332.1
TWh. Norway has most hydroelectric
power, with a production of 109.6 TWh
in 1988. Hydroelectric production in
Sweden was 68.8 TWh, in Finland 13.4
TWh and on Iceland 4.2 TWh. Hydro-
electric production in Denmark is insig-
nificant. Nuclear power production is
alsosubstantial, at 84.4 TWhor 25.5%of
the total production. Sweden produced
66.4 TWh and Finland 18.4 TWh of
nuclear power. Thermal power based on
other sources was 51.1 TWh, or 15.4% of
the total production, chiefly in
Denmark, Finland and Sweden. Coal
was the major fuel, while oil and natural
gas accounted for minor shares,

Power exchange between Nordel
countries was substantially higher than
in the preceding year, totalling 15.2
TWh. Thisamounted to4.6%of the total

production. Denmark imported the
most, at 5.8 TWh, along with Sweden at
5.1 TWh. Sweden was responsible for
the highest export, at 7.7 TWh, followed
by Norway at 6.8 TWh. Denmark had
the highest net import among Nordel
countries at 5.5 TWh, and Norway the
highest net export at 5.6 TWh. In 1988,
Finland had a net import of 2.7 TWh,
while Sweden had a net export of 2.6
TWh.

Over and above these exchanges,
Finland imported 4.7 TWh from the
Soviet Union. Denmark had a slight
exchange with West Germany. Alto-
gether, Nordel was a netimporter due to
imports from the Soviet Union.

Gross consumption in TWh
excl electric boilers

Annual change in consump-
tion excl electric boilers

Total export and import
in TWh
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Nordel's Act

ordel celebrated its twenty-fifth
N anniversary in connection with

the Annual Meeting, 4th-6th of
May 1988, in Oslo. The Committees
met at the same time and participated in
the arrangements. The Norwegian
Energy Minister Arne @ien held an
anniversary dinner for Nordel. The Oslo
City Councilinvited gueststoadinnerat
the Oslo City Hall, with Chariman
Albert Nordengen as host.

The Annual Meeting discussed the
1987 Annual Report, the present power
situation in the Nordic countries and the
energy balances for the next three years.
The standing committees reported on
activities last year and presented their
plans for the next years. The commitiee
acitivities and the contact persons and
groups who report directly to Nordel
were discussed. There was a report on
contacts with the European cooperative
organization UCPTE.

Nordel's role in the Scandinavian
natural gas collaboration wastakenup at
the Annual Meeting. The Planning
Committee had drawn up a draft paper
for the discussion of this issue. At the
Annual Meeting, Nordel adopted a
statement on Nordel and natural gas.

Representatives of Nordel had their
annual meeting with the official
committee for energy policy of the
Nordic Council of Ministers on the 21st
of November 1988 in Oslo. This is an
element of the collaboration between
Nordel and the energy authorities invol-
ving exchanges of information and
discussions of current energy issues.

Nordel held a meeting of chairmen
and secretaries on the 2lst of January
1988 in Stockholm, where the activities
of the committees and secretariat were
discussed.

Operations Committee

The Committee has dealt during the
year with joint operational aspects such
as the power situation in the Nordic
countries, power exchange between
countries, operational reliability and
day-to-day operational aspects, as well
as with faults on the Nordic power
system. Power and energy balance fore-
casts for the next three years have been
prepared in order to assess the future
power situation.

Temperature-corrected increases in
the use of electrical energy in the Nordel
countries, expressed as running twelve-
month values, vary between 0%and 5%
per year for the Nordel system, with a
total value of about 2.5%.
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The spring thaw in 1988 occurred at
about the usual time, and was somewhat
more intensive than normal. The dry
weather of the early summer resulted in
an inflow deficit, although this was in
due course succeeded by very satisfac-
tory water levels following an extremely
wetlate summerand autumn. Inflowsin
Finland, Sweden and Norway were
30%, 15%and 5%respectively above the
statistically average values during the
year.

At the end of the year, reservoir
levels were normal inall three countries.

Nuclear power has continued to

operate with a high degree of safety and
reliability. Availability has been (and
continues to be) excellent. It is planned
toincrease the outputs of Ringhals L and
2, Forsmark 3 and Oskarshamn 3 during
1989,
During the year, the output from
nuclear power stations was reduced
from its possible potential by somewhat
less than 1TWh, most of which reduc-
tion was in Sweden.

During the vear, the prices of oil and
coal have remained essentially unal-
tered. At the end of the year, the price of
oil was somewhat higher than the price
of coal.

As a result of the plentiful availabi-
lity of water, Sweden has exported
power to Finland and Denmark throug-
hout the year, with particularly substan-
tial exports to Denmark during the
summer and autumn, From the middle
of the summer and onwards, Norway
has exported significant quantities of
power to Denmark and Sweden.

A detailed power balance analysis
for the 1988/89 winter period has been
carried out, with the results indicating
thatthe spare generating capacity within
each sub-system, consisting ol own
capacity and that available via the inter-
national links, is satisfactory for each
sub-system in respect of the forecast
peak loads.

The total power and energy balances
for the next three years (1989-1991) indi-
cate that resources are acceptable.
However, bearing in mind the fact that
the balances indicate progressively
reduced margins, the power balances
have been analysed and presented in
considerably more detail than
previously. The Operations Committee
has decided that the energy balances,
too, will be analysed and presented in
more detail in future.

Nordel’s recommendations in
respect of the size of operational reserve
capacity are based on a normal opera-
ting situation. However, in the light of



the reduced power balance available,
the Committee has carried out a project
intended to provide a more exact defini-
tion of the requirements relating to
operational reserves within the sub-
systems at times when there are difficul-
tiesin maintaining the necessary reserve
capacity margins. The starting point for
this work has been to attempt to estab-
lish joint general requirements relating
to instantaneous reserve at times of
power shortage, and to attempt to
analyse how such situations should be
dealt with.

The conclusion is that, in a situation
in which there is a shortage ol instanta-
neous reserve capacity on the Nordel
system, it is not possible to prescribe
general requirements relating to avai-
lable reserves. However, there is one
inescapable obligation, which requires
that any sub-system suffering a capacity
shortage must notify the other sub-
systems of the situation. Each national
control centre must then make its own
decisions and take appropriate actions
within its respective sub-system in
accordance with its own national opera-
ting principles. Sub-systems suffering
capacity shortages mustaccept that they
may be disconnected from adjacent
systems if the latter so require.

The Operations Commitee’s working
party for system aspects, NOSY, has
continued its work on technical opera-
tional analysis of the Nordel system.
This work has included:

- determining capacity limits on the
international links and maintaining
these values up to date:

- ensuring that measures intended to
prevent system instability are applied,
and monitoring their effects:

- establishing details of the control
characteristics of different production
resources:

- preparing a submission to the Plan-
ning Committee’s review of Nordel’s
grid capacity rating rules.

The considerable amount of opera-
tional cooperation between the count-
ries’ power systems, intended toachieve
optimum utilisation of total resourcesin
terms of both security and operating
costs, necessitates a constantly increas-
ing exchange of data between the count-
ries’ national control centres. Starting
from the results of earlier surveys, the
Operations Committee hascommenced
an investigation into future needs for
data exchange, to serve as a basis for a
subsequent investigation into suitable
means of meeting these needs.

On behalf of Nordel, the Operations
Committee and the Planning Com-
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mittee have prepared a joint proposal
for continued work on how planning
and operation of the Nordic electricity
and gas systems can be most suitably
coordinated. An ad-hoc group, acting
under the Planning Committee, is
engaged in a more in-depth analysis of
key aspects, and will keep the Operations
Committee informed of the progress of
the work.

Planning Committee

Current grid and generation studies
areaimed atsheddinglight on the condi-
tions expected to prevail at the stage
around the end of the century. Power
system data acquisition and processing
are in progress, and so are the prepara-
tions for the calculations for that stage.
The Grid and Generation Groups are
cooperating in this matter. The Grid
Group has also arranged a one-day
conference on the theme of environ-
mentally benign power transmission.
The main purpose of this conference
was to consider how environmental
aspects affect the planning, e.g. as
regards the development of transmis-
sion line towers and the design of
conductors, including cables. On the
other hand, the conference was not
intended to shed light on medical
aspects. The Generation Group is also
engaged on analysing the conditions
available for employing existing multi-
area, power-shortage risk models for
power studies for the Nordel system.

Extensive work related to the grid is
the review of the Nordel grid design rules
now being pursued by an ad hoc group
appointed by the Planning Committee.
The first stage comprising an extensive
pilot study has basically been com-
pleted. The next stage involves in-depth
studies of subjects that are of greatest
importance to the rules. This stage is
scheduled to take about 12 months, i.e.
basically the whole of 1989. The remai-
ning work will then consist of the Plan-
ning Committee dealing with the propo-
sals submitted by the ad hoc group. Any
proposals for new Nordel recommenda-
tions in this matter are expected to be
submitted to the 1990 Nordel Annual
Meeting.

The conditions for and obstacles to
the coordination of eleciric power and
natural gas matters between the Nordic
countries are being studied by an ad hoc
group within the Planning Committee.
The question of whether or not Nordel
should become involved in natural gas
matters has arisen in recent years.
Natural gas is already being used for
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electric power generation on the Nordel
system, and its use is expected to
expand substantially. This is also one of
the conditions for natural gas becoming
a significant energy raw material in
Nordic countries. Electric power utili-
ties may be expected to become the
largest customers of the gas companies.
To arrive at solutions which are most
favourable to society at large, itisimpor-
tant to achieve systematic interaction
between the electric power and natural
gas systems. It would also seem natural
for close cooperation to be established
between the electric power utilities and
the gas companies. At the 1988 Nordel
Annual Meeting, the Operations and
Planning Committees were instructed
to undertake a number of preparatory
studies for the involvement of Nordel in
natural gas. These studies have been
carried out and indicate that, at least
initially, cooperation could produce
planning benefits. The problem lies in
establishing generation and transmis-
sion facilities at the right place, at the
right time and with the right capacity.
However, it should be borne in mind
during the planning work that the objec-
tive isto achieve greater flexibility in the
operation of the integrated Nordic
energy system. It is against this back-
ground that the ad hocgroup of the Plan-
ning Committee has recently begun its
work.

The Planning Commitiee considers
scenario studies for the Nordel system to
be a conceivable way of tackling the
great uncertainties in the field of energy.
Some scenario work is already in
progress for the individual Nordel
systems, and so are certain preparations
for scenario studies for the intercon-
nected Nordel system. In the autumn of
1988, the Planning Committee arranged
aseminar dealing with scenario matters
and attended by planning engineers
from the various Nordel utilities. A
couple of outside papers were also
presented to the seminar. The seminar
produced a number of proposals for the
continued work. Extensive scenario
studies for the entire Nordel system
demand an appreciable amount of
preparatory work. It was therefore
considered advisable to concentrate
further work, for the time bging, to
studies in individual countries, in order
to gain experience from these studies
before launching a study for the inter-
connected Nordel system. In parallel
with the studies for the individual coun-
tries, suitable starting points are being
considered forinitiating the activities on
a broad Nordic base.



In practice, actual planning situa-
tions are somewhat more restricted than
ideal situations. However, some of the
studies undertaken by the Planning
Committee for the interconnected
Nordic power system were based on the
ideal condition that the Nordic count-
ries represent one unit, without national
boundaries. This has led to results,
which have not always been realistic, as
anumber of rational and irrational limi-
tations would have to be surmounted in
practice. Nordel has considered it
important to map out the various limita-
tions and, against this background,
formulate planning conditions that are
as realistic as possible. The Planning
Committee has been instructed by
Nordel to undertake this mapping-out,
and work has already started. The
Committee will draw attention to any
opportunities available for affecting the
conditions in a favourable direction. In
addition, the objective is that the report
will also give some indication of the
opportunities offered by Nordel coope-
ration.

A report on the cost of wind power
was submitted to the Annual Meeting of
Nordel. This was an update of the costs
specified in a Planning Committee
report in 1986. The aim is that the
Committee will update the wind power
costs annually in the future.

According to an agreement between
Nordel and the Electrical Committee of
the United Nations Economic Commis-
sion for Europe (ECE), Nordel will
produce a map of the Nordic grids every
other year. A map for the January 1988
stage has been produced and submitted
to the ECE.

The Nordic Council decided that
1988 would be the Nordic Technology
Year, and a Nordicenergy conference was
therefore held in Stavanger, Norway
between the 26 and 28 September. The
conference was arranged by the Norwe-
gian Society of Chartered Engineers, in
cooperation with  Nordel. The
Chairmanand Secretary of the Planning
Committee were included in the plan-
ning committee for the conference, to
which several papers were presented by
Nordel members.

Thermal Power Committee

During the year the committee
continued to exchange experiences and
views of the thermal power field in the
Nordic countries. For instance the orga-
nizing of cooperation in the environ-
mental field was discussed lively. With
the power balancies of the Operations

Committee as a starting point the
unavailability of thermal power was
discussed in the Thermal Power
Committee. Status reports from the
various countries were discussed at the
meetings of the Committee and special
attention was then given to the descri-
bing of existing problems and the solu-
tions that have been found or are being
planned. In 1988 the Committee held
two meetings where the following
reports of its working and ad-hoc
groups, through which most of the
Committee’s work is done, were
discussed.

The Operations and Maintenance
group arranged in Denmark a seminar
for production managers during the
year. The main topic of the seminar was
the life time extension of old power
plants. Flue gas purification and differ-
ent natural gas processes were also
discussed. There were 50 production
managers at the seminar which is a par-
ticipation record. The meeting gave the
participants many new ideas and
impulses. A similar meeting for main-
tenance managers is planned to be ar-
ranged in Fnland in the autumn of 1989,

The ad-hoc group for Environ-
mental Issues made a summary of
Nordic and West German emission
restriction demands and Nordic air
quality standards. The group also
worked out a program proposal for an
environmental seminar headed “How
environmentally safe should energy
production be in the future?”.

Together with the Operations and
Maintenance group the ad-hoc group
for Environmental Issues compiled the
article “Environmental aspects concer-
ning coal-fired and oil-fired power
plants” for this annual report.

The research and development ac-
tivities of NKA (Nordic Liaison Com-
mittee for Atomic Energy) were conti-
nuously supervised by the contact group
of the Committee. It has for instance
been emphasized that the main purpose
of NKA’s safety program should be to
achieve a unified opinion in the Nordic
countries according safety conditions,
e.g. concerning the course of events in
accidents, the calculation of accidents
and the effect of design modifications.

During the year Managing DirectorJ
Ricken/IFV was replaced by chief
engineer ] Rosbjerg/IFV and plant
manager E Ericsson/Vattenfall by plant
manager E Lennartsson/Vattenfall. The
termal power committee wishes to
thank the resigning members for active
participation and kind cooperation.
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Energy policy

enmark’s dependence on im-
D ported energy was reduced

still further in 1988 through
increased production of Danish North
Sea gas. The proportion of Denmark’s
gross energy consumption based on
indigenous energy sources thereby
increased to 41%, against 38% in the
previous year. Consumption and
exports of Danish oil were 2.9 and 1.8 m
tons, respectively. The corresponding
figures for Danish natural gas were 1.6
and 0.7 bn m’.

Despite exploration in the Danish
underground by several concessioned
consortia, it is still only Danish Under-
ground Consortium that is producing
oil and natural gas.

The power companies’ compulsory
purchases of natural gas under their
agreement with Danish Natural Gas
A/S amounted to 0.13 bn m’ in 1988.

In 1988, ELKRAFT continued its
investigations of ways of using natural
gas at power stations. With gas as fuel,
future expansion will probably be in the
form of combined cycle power stations -
inwhich gas turbines are combined with
steam turbines. The power companies’
negotiations with DANGAS A/S on
prices and conditons of supply were still
going on at the end of the year.

At the same time, the power compa-
nies investigated the possibilities of
coal-gasification plants as an alternative
means of supplying gas. These plantsare
able to gasify all types of coal. A feasibi-
lity study was carried out, and the prin-
cipal conclusion is that, both economi-
cally and environmentally, coal gasifica-
tion is an attractive solution that can
form the basis fora coal-fired expansion.

In 1987, the Brundtland Commis-
sionissued areporton environmentand
development for UN. This report,
which is entitled “Our Common
Future”, analyses the long-term deve-
lopment trends and makes a number of
recommendations, including some
concerning fossil fuel, energy utiliza-
tion, acid rain, and the greenhouse
effect. In December 1988, the Prime
Minister presented an action plan on
these issues in the “Folketinget” as a
basis for political debate. Within the
various sectors of socicty, efforts have
been made to determine the extent to
which the principle of viable develop-
ment is already lived up to - in other
words, development that satisfies the
needs of the present generation without
curtailing the possibilities of future
generations for satisfying their needs.

On the basis of this analysis, propo-

sals are made for various measures that
can contribute to viable development.

The action plan must be regarded as
a declaration of intent which confirms
the intention of the government to
consider seriously the problems of
energy and environment policy in the
light of the Brundtland Commission’s
recommendations.

In the Folketing year 1989/90, the
Minister of Energy is going to presentan
action plan indicating specific ways of
reducing energy consumption and its
short-term and long-term impact on the
environment. The Minister pinpoints
end consumption, especially of electri-
city, as an area in which action is called
for but which has not so far been paid as
much attention by society as other parts
of the energy sector.

The power companies are already
heavily engaged in major areas covered
by Denmark’s present energy policy
and will continue along these linesin the
future.

The power companies have
expressed the view that Danish exports
of know-how and sale of new technology
might make a considerably greater cont-
ribution towards fulfilling the global
goals set up in the Brundtland Report
than we can achieve on our small,
national scale,

Power consumption

Power consumption in Denmark
reachedafigure ofabout30 TWhin 1988
- an increase of about 1.2%in relation to
1987, corresponding to almost 2%, when
adjusted for the warmer weather.

It was industry as well as the trade
and service sector that increased their
consumption. For these sectors, an
increase of about 3%, was registered in
relation to 1987. Domestic and agricul-
tural consumption fell by about 1% due
partly to the much milder weather in
1988 than in 1987.

The distribution of power consump-
tion in 1988 was:

domestic users: 32%
trade and service sectors: 32%
industry: 28%
agriculture etc.: 8%

The forecasts for power consump-
tion in the years ahead are based on
moderate rates of increase of about 2.5%
per annum.

Power production

Attheendof1988, the installed capa-
city of Danish power stations was about
8140 MW - almost 1% less than in 1987,
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The capacity was distributed as

follows:
Steam turbine plants: 93.7%
Gas turbine and diesel plants: 4.1%
Wind power plants: 2.1%
Hydro-power plants: 0.1%

Thiscomprisesabout 300 MW priva-
tely owned production plants, including
no less than about 170 MW wind power
plants.

A substantial part of the capacity is
provided by combined heat and power
(CHP) stations, whose capacity is
reduced when district heat is supplied,
Under peak loading, this reduction
approaches 500 MW.

The steam turbine plants supplied
80.8%of the year’s power consumption,
wind power 1.0%, and hydro-power
0.1%. The remaining 18.1% was covered
by net imports.

In combined production with elect-
ricity, the CHP stations supplied about
52500 TJ district heat.

In 1988, the power stations’ fuel
consumption equalled about 10.3 m
tons of coal, and of this, 94% was, in fact,
coal.

Work on the construction of new, big
CHP units at Amager Power Station,
Avedore Power Station and Funen’s
Power Station continued with a view to
commissioning in 1989, 1990 and 1991,
respectively. During the year, work also
started on a similar project at Vestkraft
Power Station in Esbjerg. The power
and heat capacities of the four units are
250, 250, 385, 350 MW and 330, 330,
500, 450 Ml/sec, respectively.

The expansion with wind turbines
under the power companies’ 100 MW
agreement with the Government is
proceeding somewhat more slowly than
planned, mainly because of local
NIMBY-reaction (Not In My Back
Yard). At the end of the year, almost 35
MW wind power in this programme was
in operation, distributed over seven
wind-power farms and five smaller clus-
ters. Every effort is being made to
ensure commissioning of the remaining
just over 65 MW within the next two
years.

In the private sector, activity in the
wind power field remains high. In 1988,
about 55 MW was commissioned
through the completion of small, subsi-
dized wind turbines widely spread
around the country.

In 1988, the work on decentralized
combined heat and power stations,
which is taking place in accordance with
the political agreement on expansion of
electrical power, proceeded well. Work
is in progress on projects at different



stages in 30-40 towns. All the projects
are based on firing with Danish fuel. The
capacities of the stations vary from less
than 1 MW electricity to about 60 MW
electricity. At the end of the year, two
decentralized combined heat and
power stations were commissioned,
with a total capacity of about 20 MW,
and a large number will follow in 1989
and 1990. At the end of 1988, the
programme for the decentralized power
stations - which have a total capacity of
450 MW - was in an experimental and
demonstration phase. It must be antici-
pated that some of the small CHP
stations - especially those fired with
straw - will have a poor economy.

Electricity prices

Apart from the increase of about 7
ore/kWh in January, electricity prices
remained unchanged in 1988. The
average price to a consumer with an
annual consumption of 3000 kWh was
Just under 49 ore/kWh excl. taxes and
about 99 oere/kWh with taxes. The
energy tax and VAT thus constituted
about 51% of the consumer price.

From 1 January 1989, electricity
prices increased, on average by 7.7 ere/
kWh excl. taxes for a consumer with an
annual consumption of 3000 kWh. This
means that, without adjustment for
inflation, the price of electricity before
taxes now is the same as it was in 1982~
83.

Power transmission system

The Konti-Skan 2 connection be-
tween Jutland and Sweden went into
commercial operation on 1 November
’88. The transmission capacity is 300
MW at 285 kV D.C. The connection,
which was established by Vattenfall and
ELSAM jointly, implies partly a
renewal of the Konti-Skan connection
from 1965 and partly a considerable
increase in transmission capacity until
Konti-Skan 1 (270 MW) is scrapped.

Project assistance

In 1988, ELKRAFT established a
100% owned subsidiary, ELKRAFT
Consult Ltd., the object of which is to
provide consulting services and engi-
neering on energy supply installations at
home and abroad. ELKRAFT Consult
will be able to draw on the combined
expertise of the ELKRAFT-group for
solution of the projects with which it is
entrusted.

The Danish power companies’

design and engineering services concer-
ning power stations and power trans-
mission are marketed through Danish
Power Consult A/S (DPC), in which
ELKRAFT Consult and ELSAMPRO-
JEKT A/S each acquired a 40%interest
inJuly of thisyear. The last 20%is owned
by various Danish consulting enginee-
ring firms.

In the same way, the power compa-
nies’ design and engineering services
concerning wind power, environmental
installations and district heat are
marketed through Danish Power Utili-
ties (DPU), an association with
ELKRAFT Consult and ELSAMPRO-
JEKT as its only members.

Research and development

In the last few vyears, the power
companies have invested heavily in
research and development aimed at
enabling them to meet the require-
ments of the future to power stations
and to support the technological deve-
lopment of Danish industry. The power
companies’ investment in research and
development in 1988 amounted to
about DKK 135 mio. Most of the
projects concerned combustion techno-
logy and environmental installations.
The latter are described in the article
“Environmental aspects by coal- and
oil-fired power plants™ in this report.
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Economic development

rapid boom continued in the
AFinnjsh national economy in
1988. The volume of industrial
production went up by more than 4%
and in some industries shortage of capa-
city held back the growth in production.
The growth in gross national product
was some 4.6%. The growth was
speeded up by the heavy demand on the
domestic market and increase in
exports by the wood processing
industry especially, The market price of
the GNP amounted to around FIM 437
billion, or about USD 104 billion (USD
21 000 per inhabitant). Exports to the
west grew by some 4%, but exports to
the Eastern Bloc continued todecline by
some 5%. The total increase in exports
accounted for around 4%. The Finnish
balance of trade showed some surplus,
but the balance of current accounts
showed a deficit of some FIM 13 billion,
representing 3% of the GNP,

The rate of inflation grew faster than
in 1987, some 5% on an annual level.
However, the rate of unemployment
dropped, accounting for 5% of the
labour force, which means a decrease of
0.5 percentage units. At the same time
several industries had alabour shortage.
The real increase in total investments
went up by some 9%, amounting to FIM
108 billion, or 25% of the GNP.

In 1988 energy consumption
increased only a little. The increase was
some 1.7% and consumption around
29.7 Mtoe. Energy consumption rose in
industry and traffic, but the exceptio-
nally mild weather at the beginning of
1988 greatly decreased the energy
demand in heating.

Energy policy

The current Electricity Act has been
effective for nearly 10 years and during
the last two years an amendment has
been prepared. On May 6, 1988 the
Government submitted the Parliament
abill foranewelectricity act. Parliament
approved the bill at the end of the year
and the act, including statues, will
become effective on April 1, 1989. The
new Electricity Act results in a more
effective planning and licensing system.
A construction licence will only be
needed to build power plants with an
output of at least 250 MW. The Act does
not include decisions on nuclear or
hydro power construction or imports as
there are separate acts and statues on
them. The new Nuclear Act, which was
approved earlier, became effective on
March 1, 1988. In accordance with the

Act, Parliament will decide on construc-
tion of new nuclear power plants etc.

In June a nuclear waste fund started
its operations. At the same time compa-
nies producing nuclear power paid the
fund nuclear waste charges, the total
sum amounted to almost FIM 1.5
billion. The funds will be collected for
the decommissioning of old nuclear
power plants and final disposal of
nuclear wastes.

The Council of State appointed two
new committees in the nuclear industry
for the period of March 1, 1988-
February 28, 1991. At the Ministry of
Trade and Industry a nuclear energy
delegation prepares matters relating to
the use of nuclear energy. Atthe Finnish
Center for Radiation and Nuclear Safety
a nuclear safety delegation works on
issues concerning the safety of nuclear
energy.

At the end of 1988 a bill for the
amendment of the nuclear liability was
completed at the Ministry of Trade and
Industry. According to the bill Finland
and companies producing nuclear
power will observe the nuclear liability
following the international system
created by NEA (Nuclear Energy
Agency). The system relies on the Paris’
convention and Bruxelles” supplemen-
tary agreement, which complements
the convention. The liability amountsto
SDR 100 million, which is 13.5 times
today's amount. The Energy Policy
Council has given a positive response to
the amendment of the Nuclear Liability
Act. The bill will probably come to
Parliament’s approval at the beginning
of 1989,

As a sequel to the decisions in prin-
ciple, which the Council of State
previously made on reduction in
sulphur emissions, a working group was
appointed to prepare the norms for
nitric oxides given off by energy genera-
tion plants. The proposal of the working
group uses the best combustion techno-
logy available for new boilers and gas
turbines. The proposal is circulating for
comment. For new large coal-fired
power plants the emission norms mean
catalytic purification of flue gases. When
the norms were determined the target
was cost-effectiveness and reduction of
nitric oxide emissions totoday’s level by
1995. The work on establishing a standard
for nitric oxide emissions has continued.
The working group is expected to comp-
lete its proposal in March 1989. A deci-
sion in principle concerning nitric oxide
emissions in traffic was made earlier.

At the beginning of October 1988 a
new Competition Act became effective.
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The objective of the Act is to make
competition and economic operations
more effective. The Act means that the
control of monopolies will be intensi-
fied and extended to regional monopo-
lies, such as electricity distributors and
district heating utilities. According to
the law neither monopoly nor domina-
ting standing on the market is prohi-
bited, but their misuse is. The Competi-
tion Office and Competition Council
have the right to interfere with
suspected misuse and to assess for
instance the lowest or highest prices.
The Act also has an effect on the energy
sector and on pricing of electricity utili-
ties.

In March 1988 the industrial power
companies established a company,
Teollisuuden Voimansiirto Oy (TVS),
for power transmission. The company
started its operations on January 1, 1989,
The company will use the power trans-
mission network of its owners, to build
new power transmission lines and to be
responsible for the power system opera-
tion. The operations will also include
imports, and wholesale of electricity.
The new company results in the fact that
Finland has two nationwide competing
network companies.

A high-level energy committee that
has been working for almost two years is
expected to report on the effects of
various energy sources and theirrisks in
relation to other social functions. The
committee will present its report on
March 31, 1989.

Electricity consumption

In 1988 electricity consumption
continued to increase rapidly. Total
consumption rose to 58.7 TWh, i.e. by
2.2 TWh, which is 4% more than in 1987
despite the fact that 1988 was a much
warmer year than 1987. The tempera-
ture-adjusted increase was as high as
6%,

The increase was evenly distributed
between industry and other consump-
tion. In industry electricity consump-
tion went up by 6%, totalling 30.9
TWh.The good market situation for the
Finnish industry raised the volume of
production and electricity demand,
particularly in the wood processing
industry.

In the miscellaneous sector electri-
city consumption amounted to
27.8 TWh, an increase of 2%, after
temperature adjustment 6%. Electricity
consumption expanded largely, in the
service sector especially. Electricity
consumption for heating dropped



somewhat compared with the previous
year, as the weather was mild. Electric
space heating has continued to expand
and the number of dwellings with
electric space heating rose by 27 000,
exceeding 410 000. More than 80% of
the new single-family houses and 50%of
the terraced houses are heated with
electricity. A total of 1.5 million Finns
live in houses with electric space
heating. Of final energy consumption
electricity accounted for 24% against
around 23% in 1987,

Electricity consumption was grea-
test in December 1988, when the peak
load rose to some 10 000 MW, The peak
power was thus as high as during the
record cold spell of 1987, However, the
weather was normal in 1988.

Estimates of electricity demand
were revised during 1988. According to
the prognosis published by the Power
Producers’ Coordinating Council elect-
ricity consumption will exceed 71 TWh
in 1995 and it will amount to some 77
TWh in 2000, i.e. 4 TWh higher than
what the previous forecast estimated.
Private electricity consumption and
consumption in the service sector will
increase more than expected. The
Ministry of Trade and Industry has also
revised its figures upwards.

Electricity supply

In 1988 electricity production
amounted tosome 51.3 TWh, which was
only 0.5 TWh greater than in 1987, The
rise in demand was mainly covered with
an increase in imports, which rose to
about 7.8 TWh, accounting for 13.2% of
the total supply.

Hydro power production continued
tobeatarecord high and the production
was 13.4 TWh, which is 10% more than
during anaverage water year. Back-pres-
sure power production rose to 13.8
TWh, the increase was 0.5 TWh
compared with the previous vear. With
other thermal power, mainly coal
condensing, 5.0 TWh was produced and
with process condensing 0.4 TWh.

Nuclear power production was
almost as extensive as the year before,
i.e. 18.4 TWh, accounting for 36% of
total production. All power plant units
have functioned uninterruptedly and
the average load factors including revi-
sions were the following:

Loviisa I 86.7%
Loviisa 11 93.1%
Olkiluoto 1  92.9%

Olkiluoto II  91.9%
Loviisa | had alowerload factor than the
others as it underwent a ’long revision’.

Some 300 MW new power plant
capacity was completed in 1988. The
largest unit was the natural gas fired
cogeneration plant at Tampere of
132 MWe. Electricity imports from
Sweden rose from 100 MW to 200 MW
on January 1, 1989,

Almost 1000 MW power plant capa-
city was under construction, of which
630 MW will be completed during 1989.
The largest of these is the peat condens-
ing power plant of 150 MW at Haapavesi
and the oil-fired and coal-fired conden-
sing power plant of 260 MW at Kristii-
nankaupunki. At Seinéjoki a cogenera-
tion power plant of 105 MW is being
builtand at Helsinkianother of 158 MW.
At Kokkosniva a hydro power station of
25 MW is being constructed.

During the spring 1988 a letter of
intent concerning electricity imports
from Norway was signed and an agree-
ment was made on electricity transmis-
sion via the Swedish grid to Finland.
Negotiations on the imports are still
going on.

In September 1988 Imatran Voima
and the Soviet V/O Mashinoexport
reached an agreement on electricity
imports inthe 1990s. Inaccordance with
the agreement IVO imports 600 MW
electricity during 1990-1992 and from
1993 till the end of the decade 900 MW.
The Council of State has also granted
Teollisuuden Voimansiirto a licence to
import electricity from the Soviet
Union. Negotiations with the Soviet
counterpart are still going on.

Imatran Voima and Teollisuuden
Voima (Industrial Power Company)
have discussed the building of a new
coal-fired power plant of some 500 MW
at Pori. However, no decision on
construction has been made yet.

Electricity price

The mean retail price of electricity
remained almost unchanged in 1988.
The real price dropped by about 5%, On
January 1, 1989 the mean consumer
price of household electricity was 41.2
p/kWh in multi-storey houses and 35.9
p/kWhinsingle-family housesand 27.6.
p/kWh in households with direct
electric heating, and for storage heating
22.7 p/kWh. The tax-exempt price for
electricity in large-scale industry was
13.1 p/TWh, resulting in a decrease of
0.2 p/kWh.

The wholesale price for electricity
dropped by about 1% during the year,
owing to the decrease in the price for
uranium fuel. At the end of the year the
price for coal rose considerably, which
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Naturgassror i Finland.
Natural gas pipeline in Finland.

will be reflected on the electricity price
in 1989.

National grid

In 1988 more than 200 km of 220 kV
power lines were completed when the
line from Ivalo, northern Finland, to
Varangerbotn, Norway, was taken into
operationon October11, 1988. Some 160
km of 110 kV power lines were comp-
leted.

Teollisuuden Voimansiirto, TVS,
has announced that it will be building a
400 kV power line from Ulvila to Anttila
(about 250 km). For imports to the
Soviet Union a 185 km long 400 kV line
has to be built from the border to Kymi
and Anttila. TVS intends to connect its
present power transmission networks so
that they will cover the whole coastal
area. Other 400 kV lines are being
planned from Tammisto to Nurmijarvi
(28 km) and from Kristiinankaupunki to
Vaasa (105 km).

The Finnish Power Producers’ Coor-
dinating Council (STYV) approved a



recommendation for electricity trans-
mission principles in January 1989. The
recommendation includes principles
for transmission and cost calculations.
The recommendation concerns all
networks ranging from 400 kVto 20 kV.

Miscellaneous

The absorption rate of the Finnish
desulphurization system, LIFAC, was
improved with test runs and process
adjustments at the Inkoo power plant.
Know-how is also gained on the reduc-
tion of nitrogen emitted by old power
plants with combustion technology. For
this reason it was decided to install low
nox burners to a unit at Inkoo to
improve combustion at the power plant.

At Koppamnis, Inkoo, IVO studies
new energy sources, including wind,
biomass and solar power. A solar power
station of 30 kW will be completed by
the end of 1989. In 1988 the production
of the wind power plant was smaller
than in 1987 because of a rotor fault,
even though the winds were heavier.

Other research areas have been a
PFBC system (pressurized fluidised bed
combustion), a diesel power plant for
multi-fuel use; introduction of a biolo-
gical method to destruct radioactive
power plant fuels and extension of the
service life of old power plants.
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Economic Development.

he year 1988 was characterised in
I Iceland by a mild economic
recession in contrast to a strong
growth in the years before. GNP
decreased by 1.5% compared to an
increase of 8.7% in 1987. The product
value ofthe fish-processing industry, the
country’s most important category of
industry, decreased also; by 2.5%in real
terms compared toanincrease of 6.1%in
1987: that of other industrial products
decreased by 1,5%(4%increase in 1987).
Investments fell by 2% below the 1987
level when they grew by 18.9% in rela-
tion to the previous year. Unemploy-
mentaveraged atabout 0.7%ofthe work
force. (0.5%in 1987). Inflation was still a
problem. Itrose fromabout 18.3%a year
atthe beginning of 1988 toabout 25.4%a
vear at the year’s end. The Consumer
Price Index rose by 20.6% from Dec. 31
1987 to the same date in 1988.

Energy Policy & Legislation.

A new government came to powerin
Iceland on Sept. 28 1988. In its
progamme the government states about
industrial and energy policy that “the
organizational structure of the produc-
tion and distribution of energy shall be
revised aiming at merging of energy
undertakings. The country’s energy
resources shall be utilized for the
purpose of economic development”.
There is thus a continued emphasis on
the establishment of new energy-inten-
sive industries.

By and large the industrial and
energy policy of the new government
remains the same as that of the previous
one, with the exception of the clause on
structural revision of the energy supply
industry, which is a new element in
Icelandic energy policy.

In September 1987 the Minister of
Industry established a Working Group
to undertake a prefeasibility study of a
new aluminium smelter of 180,000
metric tons annual production capacity
to be erected at Straumsvik, approx.
15 km south of Reykjavik, adjacent toan
existent smelter there. The Working
Group delivered its prefeasibility report
in January, indicating an acceptable
rentability of such a smelter erected in
two stages in the years 1991-1994. 1t was
decided to present these results to some
European aluminium producers, that
had shown interest in participating in
further development of the Icelandic
aluminium industry, to investigate the
possibilities of establishing a joint Study
company to explore these possibilities



Aluminiumsverket ved Straumsvik. Revkja-
vik i bakgrunnen.

The aluminitm smelter at Straumsvik near
Revkjavik.

in detail. At a meeting in London on
June 14 between represantatives of the
Icelandic government and four Euro-
pean aluminium producers, viz.
Alumined Beheer N.V. of the Nether-
lands, Austria Metal A.G., Austria,
Gréanges Aluminium AB of Swedenand
Swiss Aluminium Ltd., Switzerland, it
was agreed to establish such a Study
company to make a detailed feasibility
study of the new smelter project, which
was given the name of Atlantal. At the
same time talks began between the
Atlantal Group and the Icelandic autho-
rities about a draft of a Master Agree-
ment for the smelterand about the price
of electricity to it.

The Feasibility study and a draft of
both the Master Agreement and the
Power Contract is expected to be com-
pleted during the first quarter of 1989, If
the results of the study are positive a
final decision to build the smelter could
be taken in the spring of 1989, in which
case it could be operative in early 1992,
For such a decision to be possible,
however, the Icelandic Parliament
(Althing) has to ratify both the Master
Agreement and the Power Contract
before its summer recession in the first

half of May. In spite of political contro-
veries about the Project it is believed to
enjoy a solid majority in the Althing.
Another matter is that there appear to
be some divergent views on it withinthe
present government coalition.

On May 10 the Ministry of Industry
and the National Power Company
established a joint Energy Marketing
Office, with the stated purpose of
marketing Icelandic energy to energy-
intensive industries within the country
and for direct export.

InJanuary informal orientation talks
took place between the Icelandic
Minister of Industry and the U_K. Secre-
tary of State for Energy. The latter
explained the situations and possibili-
ties created by the prospective privatiza-
tion of the British power supply industry

for foreign power producers wishing to
enter the U.K. electricity market.

In February the National Power Co.
completed a prefeasibility study on
power export from Iceland to Scotland
via a submarine HVDC cable
mentioned in last year’s Annual Report
of Nordel. By and large the outcome of
the study was similar to that of previous
studies, viz. that the project was techni-
cally feasable, but at the margin of
economic feasibility under present
conditions. However, its economic
feasibility will improve withtime aslong
as U.K. power prices show an upward
trend. In the first quarter of 1989 talks
are scheduled between the National
Power Co. and some prospective post-
privatization British buyers of electric
power from lceland.

The Electricity Consumption.

Total gross consumption of electri-
city in Iceland in 1988, i.c. including
transmission and distribution losses
and power plants’ own consumption,
amounted to 4417 GWh, compared to
4153 GWh the previous year, corres-
ponding to a growth of 6.4%.

The share of power-intensive indu-
stries in the 1988 consumption was
51.7% compared to 52.1%in 1987. Their
consumption grew by 5.5%. General
consumption grew by 7.2%without and
3.1%with correction for outdoor tempe-
rature in the two years. The total
consumption consisted of 3787 GWh of
firm energy and 630 GWh of non-
guaranteed energy.

Electricity Production.

The electricity production in Iceland
in 1988 amounted to 4417 GWh (4153
GWh in 1987), of which 94.3% were
produced in hydro-electric plants (same
as in 1987); 5.6% in geothermal plants

Consumption Year

calegory 1987* 1990 1995 2000 2005 2010 2015
Space heating 08 027 012 010 011 011 0.12
Fishing boats 870 866 B76 874 866 857 8,53
Industry 5,3 507 497 469 465 457 453
Automobiles 7,56 8,11 R67 918 935 0952 965
Aircraft 627 364 350 408 470 520 3557
Shipping 589 578 6,01 6,01 619 634 650
Shrinkage 038 036 037 038 040 040 040
Total, PJ J4.81 31,89 3240 33,18 34,06 3471 3530

* Actual figures.
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(same as the previous year) and 0.1%in
diesel plants condensing steam plants
and gas turbine plants.

Total installed capacity of public
utility power plants in Iceland at the
end of 1988 was 923 MW (922 MW at the
end of 1987). Of this 752 MW were in
hydro plants (same as at end of 1987),
130 MW in conventional thermal
plants, i.e. diesel, steam condensingand
gas turbine plants (129 MW at end of
1987) and 41 MW in geothermal power
plants (unchanged from 1987).

The construction of the 150 MW
hydro-electric power plant Blandain the
western part of Northern Iceland,
owned by the National Power Company
(Landsvirkjun), proceeded in 1988. The
plant is due for commissioning in 1991.
In 1988 the Reykjavik Municipal
District  Heating Service started
construction of a geothermal combined
heat and power (CHP) plant Nesjavellir
in Southwest Iceland, which will have a
rated capacity of 300 MW of utilized
heat plus at least 50 MW ofelectricity, A
first phase of 100 MW of utilized heat is
due for commissioning around 1990,
but initially without power production.

Electric Power Tariffs.

The Wholesale Power Tariff (WPT)
of the National Power Company (NPC)
was raised by 3.7%onMay1and by 8.0%
onJuly L. Inreal terms (viz. corrected for
inflation), the WPT was 3.7% lower on
Jan. 11989 than on the same date 1988,
and 33.8% lower than on May 1 1984.

Price quotations for primary alumi-
nium remained relatively high during
1988, and so did NPC’s contract power
price to the Icelandic Aluminium
Company, which rose from 15.8
m USD/kWh in the first quarter of 1988
to 18.5 in the fourth quarter, (viz. from
0.097 SEK/kWh in the 1.to 0.114 SEK/
kWh in the 4. quarter of 1988).

A New Fossil Fuels Forecast.

In their series of energy forecasts the
so-called Energy Forecasting
Committee in 1988 issued a forecast of
the consumption of fossil fuels in
Iceland in the period 1988 to 2015, by
consumption categories and fuel types.
The following table shows an excerpt
from this forecast. (The figures are in
petajouls, PJ). The consumption
consists to over 90% of oil products.
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Energy policy

n June 1988 the Storting (the Nor-

I wegian Parliament) debated the

Government White Paper on
Energy (Stortingsmelding No. 38 1986-
87 and the Supplementary Paper (Stor-
tingsmelding. No. 19 1987-88). The
recommendation of the Standing
Committee on Energy and Industry and
the debate in the Storting did not bring
about a clarification of the question of
domestic use of natural gas. The
committee points to the fact that since
the presentation of the two White
Papers on energy, changes have taken
place in several essential fields affecting
a future energy strategy. This includes
the electric power balance, use of gas,
distribution of gas and models for orga-
nizing gas fired-power plants in Norway.
The commitiee is therefore of the
opinion that the Government should
present a new White Paper, or in other
ways contribute to enabling the Storting
to discuss these matters in the light of
recent developments.

The Storting endorsed the Govern-
ment view that the future prospects for
the electric power balance indicate no
need for a gas-fired power plant in 1991,
which means that the decision to build
the first major gas-fired power plant in
Norway may be put off. The demands of
the power-intensive industries in parti-
cularare expected to become lower than
il;g previously estimated 36 TWh in

P

During the debate in the Storting a
majority clearly expressed the view that
the plans for utilizing natural gas for
domestic energy supply mark a turning
point implying new and exciting pers-
pectives in Norwegian energy policy.
The committee stressed that great
importance must be attached to aspects
concerning industrial development
when determining important aspects
regarding the introduction of gas and gas
power. The Storting is of the opinion
that the principle of the market must
form the basis for pricing gas for
domestic use. A grouping of several
domestic markets might be reasonable,
allowing the price to vary between these
markets, but this principle is likely to
resultin about the same price within the
individual markets. The price for gas
should be determined through com-
mercial negotiations between sellerand
buyer.

The Ministry of Petroleum and
Energy hasappointed a group ofexperts
under the direction of Permanent
Under-Secretary of State, Mr. Himle, to
prepare a proposition for a Norwegian



gas strategy, inter alia with the objective
of clarifying “the basis and conditions
for developing a gas market in Norway,
Sweden and Denmark”. The committee
is expected to present its conclusions
during 1989.

Statoil, Norsk Hydro A/S, Saga
Petroleum A/S, Oslo Lysverker, Stat-
kraft and Fylkeskraft Ostlandet A/S
have in the course of the year presented
the two reports “Natural Gas for Eastern
Norway” Part I and I, which discuss the
technical, environmental and cost-
related aspects of building an overland
gas pipeline, various gas supply alterna-
tives and the potential costs for the
energy sectorrepresented by the various
alternative localizations of gas fired-
power plants. The report has considered
four alternative routes for a gas pipeline
from Central Norway to Eastern
Norway/Sweden and one route from
Kéarste in Western Norway. The cost
figures suggest that a yearly quantity of
7-8 milliard Sm’ is required to provide
the economic basis for a gas pipeline to
Eastern Norway.

The Petroleum Act Commission in
May 1988 presented its report concer-
ning a proposition for an act on plan-
ning, building and operating an over-
land gas pipeline for petroleum trans-
port (NOU 1988:18). The commission
proposes that pipelines should not be
built, operated or owned without special
permission. The owner shall, when
submitting hisapplication, be obliged to
enclose a report on environmental
aspects and the danger of pollution, and
the potential economic and social
effects of the activity on other economic
interests and on affected districts.

In spring 1988 the Storting decided
to develop the Snorre Field in the North
Sea, which is an oil field containing
some associated gas. The gas will be
used for fuel on the Statfjord Field. The
Storting moreover decided to go in for
early production of oil from the Heidrun
Field, while at the same time the
Ministry of Petroleum and Energy
proposed developing the Draugen
Field. Both Heidrun and Draugen are
located at Haltenbanken outside
Central Norway. The start of the early
production at the Heidrun Field was
scheduled for 1990. Associated gas from
the early production will have to be
burnt off, but an essential part of the
field’s gas reserves of 40-50 milliard Sm’
will be produced from the gas cap at a
late stage in the field’s lifetime. The
scheduled start of the early production
at Heidrun may be delayed because of
problems concerning the choice of
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production method. The assumption is
that associated gas from the Draugen
Field shall be injected into the reservoir
up to 1996, with a possibility of further
injection after 1996.

Norwegian oil production increased
by approximately 14 per cent from 1987
to 1988, while gas production remained
almost unchanged. For 1989 an increase
in oil production is expected, while the
gas production will be somewhat
reduced. In the course of the next 2-3
years nearly all the remaining oil fields
will be under development, and unless
new large developable oil reserves are
discovered during the first couple of
years, the oil production will fall swiftly
after 1995.

The gas reserves in the Norwegian
Section of the Continental Shelf are very
large. The proven reserves in the
Norwegian Section are sufficient to
maintain today’s level of production for
100 years. At the same time we have
reason to expect that more gas will be
found during the coming years. The
possibilities for increased gas produc-
tion are primarily limited by conditions
onthe market. Viewed against this back-
ground Secretary of State for Petroleum
and Energy, Mr. @ien, has launched the
following objective for Norwegian oil
and gas policy: *Find more oil - sell
more gas!”

The Master Plan for Water
Resources (Stortingsmelding No. 53 for
1986-87) was debated in the Storting in
June 1988. The majority of the Storting
endorsed the Ministry’s proposal of
grouping projects into categories. Cate-
gory 1 includes projects that can be
processed for licensing at once and
comprises a total of 12.5 TWh, an
increase of 1.2 TWh since the previous
Storting debate on the Master Plan. In
its report on the paper, the majority of
the Standing Committee on Local
Government and the Environment go
against allowing a possible need for
reservoir capacity, such asin connection
with the introduction of gas power, to
form a basis for clearing projects in cate-
gories I1 and I1I for licence processing.

The leader of the World Commis-
sion for Environment and Develop-
ment, Norwegian Prime Minister Gro
Harlem Brundtland, stated at an inter-
national conference on air pollution in
Toronto that Norwegian energy
consumption shall be stabilized by the
year 2000. According to the Commis-
sion’s report of 1987, energy conserva-
tion must form the spearhead in the
national strategy on energy towards a
sustainable development.

In its report to the Storting, the
Standing Committee on Energy and
Industry especially points to the objec-
tive of promoting efficiency and reduc-
tions in energy consumption. The area
of energy efficiency will be given high
priority. The committee highlights the
fact that even if the environmental pro-
blems largely are international in
character, and must be solved through
international agreements, all countries
are individually responsible for imple-
menting measures for better energy effi-
ciency, an environmentally sounder
energy technology and use of renewable
sources of energy. The Ministry of Petro-
leum and Energy is working on a new
White Paper concerning a plan of action
for energy efficiency to be presented in
spring 1989.

On account of the coming White
Paperonenergy efficiency the NORWE-
GIAN WATER RESOURCES AND
ENERGY ADMINISTRATION (NVE)
I December 1988 presented a report.
The report presents a proposal fora plan
of action for energy efficiency. The aim
is to utilize 3 TWh of energy efficiency
potential in production by updating
older power plants and contract 2 TWh
more of firm power from today’s system
towards year 2000. In the national grid
and inthe distributiongrid the planaims
to recover 0,8 TWh, while on the user
side the aim is to realize 43 PJ of the effi-
ciency potential by the year 2000 (both
electricity and fossil fuels).

In 1988 Norenergi (The Fedration of
Norwegian Energy Utilities) especially
focused on the importance of energy
efficiency. An investigation concerning
the status of energy efficiency carried
out on this occasion, demonstrates that
80 per cent of the Norwegian power
companies have no active energy effi-
ciency programme. However, the 20 per
cent thatare and have been active repre-
sent 80 per cent of the energy sales.
Inducing the power companies to
engage actively in energy efficiency has
been an important objective of Nor-
energi’s activities in 1988,

Some power companies with a
power surplus produced by new
projects have encountered problems in
selling this power through firm power
contracts. At the same time power
companies not having full firm power
coverage have opted for buying occa-
sional power from the Norwegian
Power Pool (Samkjeringen) rather than
entering new contracts on purchase of
firm power. This partly explains the
increased interest in alternatives to
today’s system of power sales. Power
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prices, power market and the electric
power balance have been discussed ina
report made for the Ministry of Petro-
leum and Energy. The report concludes
that making the power market more effi-
cient must be given a high priority.
Several departments within the energy
administration are now engaged in
working with these questions.

Electricity consumption

Gross firm power consumption for
general supply and power-intensive
industries totalled 99.3 TWh in 1988.
This is a reduction of 0.1% from 1987,

The gross consumption for general
supply was estimated at 67.5 TWh,
which is a reduction of 1.6 TWh. On
average 1988 was decidedly milder than
1987. Adjusted to normal temperature
conditions the gross consumption for
general supply increased by 1.2 per cent,
from67.1 TWhto67.9 TWh. The growth
rate of general consumption is reduced
from 1987 and is lower than the average
growth in the period 1980-87, which was
3.6 per vear. The reduced growth must
be seen against the background of the
general economicdevelopment. Forthe
mainland economy, the increase in
GDP from 1987 to 1988 is 0.4 per cent.
Private consumption declined by 1.6 per
cent while public consumption
increased by 1.1 per cent.

The sales of light fuel oils are in 1988
9.6 per cent lower than in 1987. This
decline can be explained by the tempe-
rature conditions. Energy equivalent
price for light oil is for the country on
average 25 per cent lower than the unit
price of the household tariff for electri-
city, In spite of this fact, there was no
indication of electricity being substi-
tuted by oil in 1988.

The consumption of power-inten-
sive industries in 1988 increased by 1.0
TWh, up to a total of 30.7 TWh referred
to power station. There is a growth in
electricity consumption for all power-
intensive industries. When the alumi-
nium industry entered 1988 it was using
a near maximum of its capacity, and in
spite of very good prices on the world
market throughout the year, the electri-
city consumption in 1988 is just 1.5 per
cent higher than the 1987 consumption.
The market for iron, steel and ferro
alloys has improved considerably
throughout 1988, and the industries’
electricity consumption has increased
by more than 7 per cent. The prospects
for chemical raw materials are more
uncertain, and after a marked growth in



the industry’s electricity consumption
during the last six months of 1987
consumption in 1988 has become
somewhat reduced towards the end of
the year. On average the 1988 consump-
tion was 2 per cent above that of 1987,

Power-intensive industries have in
1988 terminated several contracts for
the purchase of firm power, while at the
same time no companies have entered
new permanent power contracts. To
replace power consumption through
permanent contracts the manufacturing
industries have bought occasional
power from the Power Pool at prices far
below those offered in new permanent
power contracts.

The registered sale of occasional
power for big clectric boilers was 4.5
TWh referred to power station. This is
an increase of 0.4 TWh from 1987. The
major share of the increase is found in
the paper and paper-products industry,
which also in 1988 was able to buy occa-
sional power from the Power Pool at a
lower energy price than for heavy oil.
The firm power consumption of this
industry follows the production and was
the same in 1988 as in the previous year.

The maximum load referring to
domestic consumption took place
I December and is estimated at 17.501
MW. In 1987 the maximum load was
18.440 MW.

In 1987 electricity covered 48.0 per
cent of the energy contents in energy
carriers delivered to consumers (net
final consumption). Petroleum
products covered 39.2 percent and solid
fuels 12.3 per cent. District heating
covered the remaining 0.4 per cent.

Electricity production

Hydroelectric power production in
1988 totalled 109.6 TWh. With the addi-
tion of 0.5 TWh of thermoelectric
power, the total production was 110.1
TWh. This is 5.8 TWh above the 1987
production. The 1988 production is the
highest yet registered, 3.4 TWh above
the previous record from 1984,

The usable run-off to Norwegian
water power generating plants in 1988
represented 105 per cent of an average
year. Only to a small extent has it been
necessary to let water bypass opera-
tional machines. In the course of the
year reservoir capacity has increased by
0.3 TWhand was 76.8 TWh at year-end.

Asper1January 1988 the production
capacity for firm power in the Norwe-
gian water power system is estimated at
approx. 100 TWh. Throughout the year
new installations have provided an

increase of 279 GWh. Mean production
capacity for the entire system is esti-
mated at 105 TWh. The largest new
installation is Tonstad (320 MW) in
Vest-Agder, Stuvane (38 MW) in Sogn
og Fjordane and Ormsetfoss (40 MW)in
Nord-Trendelag. The total growth in
machine capacity was 421 MW. Total
machine capacity at the turn of the year
was 25,961 MW, out of which 314 MW is
thermoelectric power. The State Power
Utilities owns only just 30 percent of the
machine capacity. More than 50 per
cent is owned by municipalities and
county municipalities, the remaining
capacity is owned by private and indu-
strial companies.

The power exchange with the neigh-
bouring countries resulted in a net
export of 5.6 TWh. Exports to Sweden
were 4.5 TWh, and imports were 1.1
TWh. Exports to Denmark were 2.3
TWh. Imports from Denmark have
been minimal, and the power exhange
with Finland and the Soviet Union has
been very small.

Electricity prices

The State Power price for deliveries
to wholesale companies for general
consumption increased from 18.20 are/
kWh t020.50 ere/kWh 1 May 1988. The
Storting passed a further increase of 7
per cent to 21.90 gre/kWh from 1 May
1989. The price is calculated as the esti-
mated average of 6000 hours consump-
tion, calculated on delivery from the
national grid by step-down transfor-
Mers.

The average price of electricity deli-
vered to households and agriculture was
41.5 ere/kWh, all taxes included. The
consumer dependent cost in an H-4
tariff, which is the most common house-
hold tariff, averaged 37.2 ore/kWh,
taxes included, while the equivalent
energy cost for light fuel heating was
approx. 29.6 ere/kWh.

The general electricity tax charged to
all consumers was 3.6 ore/kWh. For
1989 the electricity tax is fixed at 3.7 ere/
kWh. Power-intensive industries paid
anelectricity tax of 3.4 are/kWh in 1988,
except for the ferroalloy industry, which
was charged 2.8 ore/kWh. In 1989 all
power-intensive industries will be
charged the same rate as general supply.

In 1989 the sale of electricity will be
subject to price regulation. Wholesale
prices can only increase by up to0.9 are/
kWh and the trade prices by up to 1.3
ore/kWh, which will give an average
price increase of 4 per cent.

The long-term marginal cost of firm
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power for general supply referred to
consumer is estimated to be approx. 37
ore/kWh. A 6 per cent real interest is
then used and the money value is that of
1 January 1988. In comparison, the
variable part of the H4 tariff as per 1
January 1988 averaged 31.6 ore/kWh,
exclusive of Value Added Tax and inclu-
sive of electricity tax.

The National Grid

In October 1988 the first direct grid
system connection between Norway
and Finland was put into operation.
This line spans from Varangerbotn in
Norway via Ivalo on the Finnish side
and further to Porttipatha. The voltage
level is 220 kV, and the transmission
capacity, with reasonable losses, is
roughly 50 MW. When, according to
plans, the connected grids in some years
will be further developed, the capacity
will increase to 70-75 MW, Maximum
transmission capacity may then
approach 150 MW.

In December a 300 kV line from
Aura in @rskog in North West Norway
was putin operation. This line forms the
first section of a planned through-going
connection between Aura and the
Hayanger area.

Ataboutthe same time anew420kV
line from Kvilldal to Flesaker was opera-
tional. At Flesaker it was connected to
the previously built section Flesaker-
Sylling, now forming a through-going
420 kV transmission line Kvilldal-
Sylling.

Studies have been done on possible
amplifications of the national grid
Rana-Trondelag-@stlandet at varying
transmission demands. As [or the deve-
lopment schemes for Svartisen in Nord-
land, a reduced development is now
being advocated, with a first building
phase of 350 MW, and expected to start
operating in 1993. The next phase is put
off indefinitely. This reduction implies
thatfor the time being there will no need
for a new line Rana-Trondelag,
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Energy Policy

n March 1988, the Government

presented its Energy Policy Bill for

the 1990s to the Riksdag (Prop 1987/
88:90). The Bill proposes that nuclear
power generation should be phased out
without threatening the country’s elect-
ricity supply, and without putting socio-
economic, social or environmental
policy objectives at risk. One of the
Ringhals reactors and one of the Barse-
béck reactors will be the first two reac-
tors to be decommissioned: one in 1995
and the other in 1996. The choice of
these two reactors does not indicate that
either of them is regarded as being less
safe: Barsebdck has been selected
because it is sited in a relatively densely
populated area, while one ofthe reasons
for selecting Ringhals was because the
local labour market in the area is healt-
hier than around the other nuclear
power stations. The Government will
reach its final decision on early phasing-
out in 1990, and will also suggest which
reactors are to be phased out early, and
the order of so doing.

A programme of more efficient use
of electrical energy and an energy tech-
nology fund will be established. The first
review of the development of use of
electrical energy will be carried out in
1990, at which time such aspects as the
effects of the nuclear phase-outon distri-
bution policy will be assessed.

The effects of the run-down on elec-
trical-intensive industry will be moni-
tored by a special working party. This,
too, isanarea for which proposals will be
put forward in 1990, intended to ensure
that such industry remains reasonably
competitive. However, the increasing
costs incurred in the provision of new
generating capacity must be allowed to
work through and influence the price of
electricity. It is expected that the price
will rise by 5-10 6re/kWh by the middle
of the 1990s.

The Bill also states that the nuclear
run-down must not result inan increase
inacidification - in fact, on the contrary:
environmental requirements relating to
all use of energy will be tightened up.
The loss of nuclear generating capacity
must be made good primarily through
more efficient use of electricity, comple-
mented by the use of indigenous fuels,
solar heating, natural gas etc. to replace
electricity for heating purposes. Not
until maximum benefit has been
obtained from application of these two
measures can the construction of new
generating capacity be considered. The
guiding principle is that conservation
measures shall be applied as long as the
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cost of saving one unit of electrical
energy is less than the cost of supplying
anew unit.

During the summer, the Govern-
ment’s Energy Bill from the spring was
approved by the Riksdag.

A policy document [rom the
Ministry of Energy and the Environ-
ment has stated that power utilities
closing down their nucler power plants
as part of the national nuclear phase-out
will be compensated by the State,
provided that the reactors concerned
have been in operation for less than 25
vears. Compensation terms will be
negotiated between the reactor owner
and the State from case to case.

The Government has now finally
approved the new store for [inal storage
of low-level and medium-level radioac-
tive waste (SFR) at Forsmark in
Uppland.

The Swedish State Power Board
announced last year that it intended
to build a demonstration coal-fired
condensing power plant, with an output
in the 300-600 MW range, in Oxelo-
sund. However, the project was shelved
after the local government elections in
the autumn, as it no longer has the poli-
tical support of the local authority. The
Board is now looking foralternative sites
for demonstration plants, although inte-
rest from local authorities is muted.

Conditions are favourable for the
construction of wind power plants in
Sweden. This is the view of the Wind
Power Commission which, in its final
report (SOU 1988:32), indicates
possibles sites for about 4000 wind
power generators. One-third of them
would be on land and two-thirds at sea,
all in southern and central Sweden.
There are long lengths of coast around
Gotland and Svealand where water
depth and bottom conditions are
suitable. The most suitable onshore
areas are in Skane and on the island of
Gotland. However, there is conside-
rable opposition to the siting of wind
power plants on the grounds of their
environmental impact. The suggested
sites are in areas of value for recreational
purposes or sensitive in their possible
effects on fishing.

The country’s balance of generating
capacity over power demand is now
somewhat strained, so that extremely
cold weather might necessitate load
shedding, resulting in areas of the
country being disconnected in accor-
dance with a predetermined plan. The
plan is only about a year old, and it has
not yet been necessary to put it into
operation.



The economic structure of the
Swedish State Power Board was modi-
fied in Bill 1987/88:87. The Board’s own
capital was increased, a higher rate of
return was required and planning
restrictions were eased but to be more
long-term. The new pressures on the
Board are intended to be met primarily
by improvements in efficiency and
secondarily by increases in the price of
electricity. As the Board is the price
leader, this will result in a general rise in
prices in the long term.

The new rate of return is being intro-
duced in stages, starting in 1989 and
becoming fully operative during the
1991 financial year. Part of the Board’s
profits will be paid to the State in the
form of a dividend, with an equally large
part paid in the equivalent of tax. The
remainder may be used by the Board.

Electricity use
Use of electricity during 1988 (ex-
cluding supplies to electric boilers)
amounted to 131 TWh. about 1% less
than in 1987. The reason for the reduc-
tion can be traced to the weather: both
the winter and summer of 1988 were
warmer than normal, while 1987 was
colder than normal. Afteradjustment of
the figures to convert them to equivalent
values fora climatically average year, the
following figures are obtained for
primary electrical energy use:
1985-86: + 4 TWh (+ 3%)
1986-87: + 4 TWh (+ 3%)
1987-88: + 2 TWh (+ 2%)
Supplies to interruptible electric
boilers amounted to 7.6 TWh (5.7 TWh
during 1987). Use of electricity for this
purpose was higher in 1988 than during
any previous year.
The total use of electricity in Sweden
during 1988 was therefore 139 TWh.
The use of electricity by industry
amounted to 54 TWh during the year,
S% more than in 1987. Level of use rose
by 6% from 1986 to 1987, and the indu-
strial boom showed no signs of slacken-
ing during 1988. Ofthe total use ofelect-
ricity by industry, 2 TWh was for supp-
lies to interruptible electric boilers.
which means that, if they are excluded,
the increase in the level of use was 4%,
Sectors which exhibited the greatest
percentage increase over the previous
year were the textile industry (+ 12%)
and the food industry (+ 10%). The only
sector in which the use of electricity has
fallen is the mining industry. With an
annual consumption amounting to 20
TWh, the pulp and paper industry is the
most electrically-intensive sector.

For several years now, the use of
electrical energy by railways and tram-
ways has remained constantat about 2.5

1.

Use of electrical energy for residen-
tial purposes, services, heating plants
etc. amounted to 71 TWh, of which 6
TWh was in the form of interruptible
supplies to electric boilers. Fewer
conversions to electric heating, and
milder weather during the year. resulted
inareduction in the level of use ofabout
3% relative to 1987.

The total amount of electrical energy
exported during the vear amounted to
7.7 TWh, which was 1.4 TWh less than
the previous vear. Power exchanges
with neighbouring countries resulted in
anetexport surplus of 2.6 TWh. Several
consecutive years of high precipitation
have resulted in the export of conside-
rable quantities of powerin recent years.
This power has been supplied chiefly to
Denmark and Finland to replace fossil
fuel production in those countries.

The peak value of hourly demand
during the vyear occurred on Ist
December between 08.00 and 09.00.
amounting to 25.1 GWh/hour. This was
also the highest value noted in any year
during December. The highest peak
hourly value ever noted occurred on
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I2th January 1987, amounting to 26.2
GWh/hour,

Electricity supply

Electricity production, which had
amounted to 141 TWh during the year,
was approximately the same as during
the previous year. Between 1986 and
1987, production increased by 6%
Hydro power supplied the greatest part
of the country’s power during 1988,
accounting for 49%, while nuclear
power supplied 47% and fossil-fuelled
production supplied 4%,

Hydro power produced 69 TWh of
electrical energy, representing a 3%
reduction incomparisonwith the record
production of 71 TWh during 1987.
Nevertheless, production in 1988 was
still far above the statistically average
climatic year production of 63 TWh.
Inflow to the country’s reservoirs
exceeded the mean value by 13%, and
the year was the second successive vear
with good availability of water. At the
end of the year, reservoirs were filled to



about 68% of capacity, representing a
stored energy quantity of 23 TWh. This
is a normal filling level at this time of
year,

Production of nuclear power during
1988 amounted to 66 TWh, which was
3% more than during the previous year.
The Swedish nuclear power stations
continued to operate well during 1988,
as they had done in recent years. A few
unplanned stops occurred, but safety
and production economics were good.
Mean energy availability during the year
was 84%, which compares very favou-
rably with the world average value of
70%for light water reactors. Barsebick 1
had the highest availability of all
Swedish reactors, amounting to 95%.

Back-pressure power production
amonted to 5.8 TWh, which was 4%less
thanin 1987. Productionincold conden-
sing plants and gas turbines etc.
amounted to 0.5 TWh, which repre-
sented a value 12% less than during the
previous year. Use of fossil fuel during
1988 can be regarded as more or less a
minimum.

5.1 TWh of electrical energy were
imported during 1988, representing a
substantial increase over the value of
2.2 TWhfor the previousyear. Imported
energy consisted largely of Norwegian
hydro power, which was partly used in
Sweden and partly exported to
Denmark and Finland.

There has been little increase in
generating capacity during 1988. It is
difficult for the power companies to
obtain planning permission for new
hydro and thermal power plants.

Installed capacity in hydro power
stations increased by 111 MW during the
year, of which the major portion was
made up by 101 MW at Gallejaur in the
Skellefte river.

During the year, the electrical output
capacity of the Forsmark nuclear power
station was increased by 10 MW, and
that from Barsebéck by 15 MW. The total
net output capacity at the end of the year
from the Swedish nuclear power plants
amounted to 9700 MW.

No new fossil-fuelled power stations
have been commissioned during 1988.
Instead, at the other end of the conser-
vation spectrum, the first group of
Swedish wind power plants has been
constructed, consisting of four smaller
power units (180 kW) on southern
Gotland. A Medium-sized wind power
plant (750 kW) was commissioned at a
site in Gothgnburg harbour during the
year,
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The national grid and inter-
national links

Work is in progress to replace five of
the six 220 kV transmission lines from
central northern Sweden to central
Sweden by two 400 kV lines. The first of
the two lines, running from Midskog to
Orebro, should be in operation over its
entire length in 1991, Over part of the
route, the line will be carried by the
newly-developed T-pylon, which signi-
ficantly reduces the magnetic and
electric field strengths at ground level.
Work will continue, with the intention
of commissioning the second 400 kV
line in 1996.

In order to increase short-circuit
security and load-carrying capacity of
the grid, several lines and substations
have been reinforced.

Series capacitor stations are being
rebuilt, in order to remove equipment
containing PCB. It is the intention that
all equipment containing PCB shall
have been removed by 1995,

A second international link for high-
voltage direct current (HVDC), running
between Lindome on the Swedish west
coast and Vester Hassing on Jutland
(Kontiscan 2) was switched in on st
November 1988. The nominal operat-
ing voltage is 285 kV, and the link has a
bidirectional capacity of 300 MW, It will
replace the existing Kontiscan | link,
which was commissioned in 1965 and
which is now approaching the end ofits

Construction of the hydro power plant Slag-
nds in the river Skellefie dlv.

technical/economic life. However, the
two links will operate in parallel for
SOMe years.

Electricity tariffs

The Swedish State Power Board has
applied a running contract period for
high-voltage consumers from 1984 to
1988, while the South Swedish Power
Company has applied one-year agree-
ments during 1988. Both companies’
high-voltage tariffs were 2.5% higher in
1988 than in 1987. TarilT developments
within other power utilities have been
similar. Inflation during 1988 amounted
to about 6%.

The Board’s low-voltage tariffs were
increased by 4%on Ist January 1988: the
corresponding increase within the
South Swedish Power Company’s
supply area was 3.5%.

Energy tax on electricity during 1988
was 5 ore/kWh for industrial users, and
7.2 ore/kWh for other users, except in
certain parts of northern Sweden where
the tax is reduced to 6.2 6re/kWh. The
Government may, atits discretion, grant
dispensations reducing the energy tax
on electrical energy, fuel oil and solid
fuels used in certain industrial manufac-
turing processes to 1.7% of the sales
value of the manufactured products.
Supplies of interruptible electricity for
electric boilers have been exempted
from energy tax in 1988 during periods
when electrical energy was not being
produced in oil-fired power stations.
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This article is written by the Nordel
Thermal Power Commitiee based on
work in the ad-hoc Group for Environ-
mental Matters and the Operations and
Maintenance Group.

Introduction

he need to protect and preserve
the environment is becoming

more and more important natio-
nally as well as internationally, The
electricity producers within Nordel are
alertly keeping up with progress and
they are purposefully trying to live up to
the existing environmental demands
with a reasonable margin. Active
research is carried out concerning
energy saving and environmentally
advanced technologies for electricity
production.

Electricity is often the best solution
regarding environmental improve-
ment. This concernsthe indoorenviron-
ment with better lighting, air condition-
ing and noiseless smokefree machines
as well as the outdoor environment with
electrical trains and other means of
transport, supply of energy for large
companies and electrical heating,

Electrical power production using
thermal power engineering is however
often considered to be one of the major
pollution sources of society. Power
plants may affect the near-by environ-
ment through noise, dust etc. as well as
the far-away environment through air
pollution of various kinds.

Electricity producers are however
not at a loss. They are minimizing the
effect on the near-by environment by
noise isolation, particle purification and
covering of the plant. At the same time
the near-by environment has been the
object of major improvement measures
during the last decade, In this article the
situation in the Nordic countries and the
measures taken by the Nordicelectricity
producers within Nordel to create a
better far-away environment are descri-
bed. Heat producers effect the environ-
ment in a similar way as electricily
producers.

The acidification problems

are well-known
Energy production affects the en-
vironmental pollution load chiefly

when fossil fuels are used. Combustion
of fossil fuels suchas coal, oiland natural
gas causes emissions of carbon dioxide
(CO,), water vapour, sulphur dioxide
(SO,) and nitrogen oxides (NO,) into
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the atmosphere. In the atmosphere SO,
and NO, are gradually converted into
sulphuric acid and nitric acid, which can
affect the environment in many differ-
ent ways - ecologically, materially and
with respect to health.

In 1987 about 15% of the electricity
production in the Nordic countries was
based on fossil fueland thus contributed
to the global sulphur emissions. As
hydro power and nuclear power stand
for a major part of the production in the
Nordel-area the sulphur emissions here
arerelatively smaller than in many other
industrial countries. On the other hand
the Nordic countries receive great
amounts of sulphur from other coun-
tries and thus have a relatively abundant
fallout of sulphur although their own
contribution is relatively small.

The part of fallout as an environ-
mental acidification factor has been an
important subject for debate for many
years. The reduction of the stock of fish
in many lakes in southern Norway and
southern Sweden in the 60’s and 70s
was the primary reason for the debate
concerning environmental damage
caused by acid precipitation. A corre-
lation between a falling pH (acidifica-
tion) and simultancous biological
changes in the lakes, which were so
drastic that the phrase “dead lakes™ was
coined, had been noticed. It is characte-
ristic for these lakes that they get clearer.
The most obious biological changes are
that many species of fish disappear,
especially salmon, while at the same
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time acidification resistant algae and
sphagnum-moss flourish at the bottom.
Many important species of inverte-
brates disappear, the breakdown of
organic compounds becomes slower so
that the ecosystem generally becomes
poorer in species and less productive.
Many food chains are also radically
changed because of the fact that preda-
tors and pray disappear.

Today acidification is a well-known
and scientifically documented problem.
Sweden, Norway and Finland suffer
particularly much because the soil in
these countries is very poor in lime
content. Lime is often added to the
acidificated lakes to improve the situ-
ation quickly and on short-team. A long-
term improvement can be achieved
only by reducing the emissions causing
acidification on an international basis.

West Germany, Holland and Austria
are relatively speaking leading the way
concerning actions against sulphur
pollution. The Nordic countries
however do not have to be ashamed of
their own achievement and they can
well set an example for most other
countries in Europe.

Actions against matters causing
acidification were concentrated on
sulphur in the beginning but today as
much attention is paid to reducing the
nitrogen oxide (NO,) emissions. The
NO,-emissions mostly come from the
transport sector and from energy
production. The spreading, far-away
transportand fallout of SO, and NO, has
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* “Green-house effect”

Steam, CO, and other green-house gasses

absorb the radiation of heat from the earth surface.

been described with various computer
models which show the origin of the
fallout in individual areas.

The results of such calculations
regarding SO, for Norway, Sweden,
Finland, Iceland and Denmark arc
shown in figure 1.

The greenhouse effect is being
Studied

The greenhouse effect and the possi-
bility of a global warming has been
discussed for almost 100 years - during
the last years with a strongly growing
intensity. The popular name comes
froom the fact that concentrations of so
called greenhouse gases - CO, being the
most important - act as the glass on a
greenhouse on the thermal radiation
from the earth.

Atthe moment there is much debate
concerning whether the climatic obser-
vations that so far have been made have
shown any clear signs of the predicted
changes in the climate of the earth.
Great natural variations can also occur,

Despite the general uncertainty
concerning the effect of the rising
concentrations of CO, and other green-
house gases (freon compounds,
methane, N,O and ozone) and the
climatic changes they possibly will
cause there is a general agreement
between researchers regarding the fol-
lowing;:

- the concentration of CO, and other

greenhouse gases in the atmosphere is
rising; the CO,-concentration has
risen from about 280 ppmatthe end of
the 19th century to 348 ppm in 1988,

- during the last 30 years the concen-
tration of CO, in the atmosphere has
risenslightlymore than 1 ppmperyear
although the CO,-emissions caused
by various human activities have
tripled during the same period,

- the temperature in the northern
hemisphere has on an average risen
about 0,6°C since the turn of the

century,
- there isa certain connection, although
not simple, between the CO,-

emissions from fossil fuels and the rise
of the CO,-concentration in the
atmosphere,

- the climatic models for temperature
prediction are not yet reliable,

- if the greenhouse effect did not exist
the mean temperature of the earth
would be about 30°C lower.

The greenhouse effect will according
to some experts lead to significant
changes in the climate ofthe earth inclu-
ding both negative and positive effects.
It is however important to state that the
CO.-emission is not solely responsible.

Presuming that the prevailing fuel
use of the world remains constant the
responsibility for a possible rise of the
global mean temperature can according
to some calculations be devided as
follows:

15% CO, from combustion of oil

15% CO, from combustion of coal
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10% CO, from combustion of natural
gas
10% CO, from clearing of mainly rain
forest
50% other greenhouse gases: methane
(CHj;), laughing gas (N,0), ozone (0O;)
and freon compounds (CFC-gases).
The freon compounds simul-
taneously have a decomposable effect
on the ozone layer protecting the earth.
During the last years this problem has
been given increasing attention among
researchers.

International agreements
against air pollution

Work on an international and
national level against the acidification
effect of SO,- and NO,-emissions began
in the middle of the 70s.

On an international level 34 coun-
tries and the EC-commission have
signed a convention concerning far-
away border crossing air pollution,
which was worked out by the UN’s
economic council for Europe (ECE) in
Geneva on 13 November 1979. The
Geneva-convention has later been
extended with a sulphur protocol which
aimsatreducingthe total SO,-emissions
of the countries with 30% during the
period 1983-1993 in relation to the
emissions in 1980, The sulphur protocol
has been signed by 21 countries. The
protocol has been ratified by 16 coun-
tries, among them Denmark, Finland,
Norway and Sweden. It came into force
on 2 September 1987.

The Nordic countries have since
then between themselves decided to
reduce the SO,-emissions with 50% or
more by 1995 compared with the level of
1980. In 1988 Denmark, Finland,
Norway and Sweden together with
twelve other countries signed a declara-
tion concerning the sulphur protocol
which obliges the countries to reduce
the NO,-emissions from all sources -
power plants, cars, industry etc. - withat
least 30%from 1998. Asamemberof EC
Denmark has also committed itself to
reducing the emissions of SO, and NO,.
The Nordic countries all have national
restrictions for SO,- and NO,-emissions
but it would be too comprehensive to
discuss them in this context.

The carbon dioxide emissions were
discussed at a conference in Toronto in
June 1988. The conference recom-
mended a total reduction of 20% of the
CO,-emissions compared with the 1988
level carried out by 2003.

The action against freon compounds
started with the so called Montreal-
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protocol in September 1987 which all

the Nordic countries have signed. The

protocol implies that emissions of freon

compounds must be reduced with 50%

before 1999 in 24 countries. In June 1988

Sweden approved a reduction plan

according to which the use of freon

compounds practically ends from 1

January 1995 and in Norway a similar

proposal is under discussion.

The report of the Bruntland-
commission from 1987 concerning the
environment and development, “Our
common future”, gives a number of
recommendations relating to the energy
sector which can be summarized as
follows:

- The use of fossil fuels must be re-
stricted with regard to the environment.

- The development of energy consump-
tion and energy efficiency must be
changed with regard to the environ-
ment.

- The emissions of SO, and NO, must
be reduced because of the acidifi-
cation problems.

- The greenhouse effect must be taken
seriously. It is an international
concern to try to solve the problem.

In Denmark the government
submitted a report in December 1988
which represents an attempt to follow
the recommendations in the report of
the Bruntland-commission. In the other
countries the Bruntland-report has also
been discussed. A follow-up conference
will be held in Bergen in 1990 under UN
auspices.

Many desulphuration
methods

Fossil-fired power plants (coal, oil,
gas) can today be fitted with technology
foradvanced purification of sulphurand
nitrogen oxide. The purification
method used varies depending on the
type, size, operating time, fuel and puri-
fication demands of the power plant.

Rigorous environment laws in e.g.
West Germany and Japan have led to
massive purification plant investments
especially concerning coal dust-fired
power plants. Purification plants can
however not be built without compli-
cations because they cause new
chemical processes, need space and
more maintenance, have a lower coeffi-
cient of utilization and call for handling
of new residual products.

There are today about 200 known
methods for flue gas desulphuration of
which 5-6 can be taken seriously. In
these processes the sulphur content of
the flue gases is chemically converted
into sulphite, plaster, elementary
sulphur, ammonium sulphate or sulp-
huric acid. Two of these methods are
widely used and a few years experience
of their use has been gained. Their
performance and availability in connec-
tion with big power plants has proved to
be fully acceptable.

The two methods are the wetand the
wet-drymethod. The totally dominating
method in the world today is the wet
method with plaster (Japan and West
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Germany) or slurry (USA) as the end
product. The wet-dry method gives an
end product that today is being dumped
but great effortsare made to find away to
useit, e.g. as filling material in road work
and road system work.

Abroad especially USA, Japan and
West Germany have gained major ex-
perience of flue gas desulphuration. In
West Germany alone there were about
130 plant orders in 1986 corresponding
to about 35000 MWe. Most of these
were in use before 1 July 1988. Over 90%
of the plants were wet method-plants.

The plants that are in use in the
Nordic countries today - six in Sweden
and one in Finland (Helsinki) - are
however of the wet-dry type. The first
two wet-dry plants in Denmark will be
put into use at the Studstrup-plant in
Jutland in 1989 and 1990. The first wet
desulphuration plants in the Nordic
countries will be put into use at the
Amager-plant and the Avedore-plantin
Copenhagen in 1989 and 1990.

The wet method is suitable for high
degrees of desulphuration even if the
coal has a high sulphur content. The
plant costs for this method are 15-20%
more expensive than for the wet-dry
method but the operating costs are
lower because of cheaper raw material.
The wet method uses limestone while
the wet-dry method uses burnt lime.
The total costs of the two methods are
approximately the same. The methods
are however difficult to use in plants
with intermittent duty, i.e. peak load
plants which are started and stopped
every day.

Residual products are
re-used or dumped

Fly ash has so far been the only re-
sidual  product from coal-fired
combined power and heating plants.
Regarding fly ash a market for re-use has
developed for instance in the cement
industry during the years. In 1986 e.g.
about 1.7 million tons of ash and slag
from Danish power plants were re-used.
This is equal to 118% of the production
that year which is possible because
some ash that was dumped earlier was
dug up. The aimis to achieve a major re-
use of desulphuration products also.
Many of the desulphuration processes
cause residual products which can
either be re-used or dumped.

The residual product from the wet-
process, plaster, can replace gypsum in
many applications. Mostly it can be
used in the production of gypsum
boards but desulphuration plaster can



replace gypsum also in the production
of cement. Desulphuration plaster is
thus a product with good marketing
possibilities. A massive investment in
desulphuration with plaster as residual
product might however cause a situ-
ation where the plaster production
exceeds the marketing possibilities in
the countries concerned. Great efforts
are nowadays made to find more useful
plaster products.

Besides this residual product the wet
process also causes a discharge of waste
water which might demand special puri-
fication. The waste water treatment
results in a new residual product, a kind
of sludge, which is then re-used or
dumped.

The costs of sulphur purification in
Nordic conditions have been calculated
and are shown in the table in the next
chapter. The table shows how the costs
are influenced by the annual operating
time of the power plant and the chosen
depreciation time. Both investment and
operating costs have been taken into
account. In favourable cases when it is
assumed that the power plant is in
operation the whole year (6 000 h) the
cost of 90% purification of the sulphur
emission is about 3 6re/kWh.

Separation of nitrogen oxides

To satisfy the rigorous environ-
mental demands concerning nitrogen
oxide emissions both combustion tech-
nique measures in the boiler and flue
gas purification are used. Modern
boilers are constructed so that the
formation of NO, is minimized. This
means that e.g. the burners are so called
low-NO, burners and that the boiler
otherwise is constructed to give a low
NO,-formation. This however is not
always sufficient to achieve low enough
emissions of nitrogen oxides in big and
new plants. Processes for flue gas purifi-
cation must then also be implemented.

The only method that has been
commercially implemented in a large
scale is a catalytic purification method,
the so called SCR-process (Selective
Catalytic Reduction). This method
gives purification degrees as high as
80%. The SCR-process has been devel-
oped inJapan where this technigue was
first implemented in 1975 and today
there are more than 200 plants in use
there. At the end of 1984 the total SCR-
capacity in Japan was 25 000 MWe of
which 20% were coal-fired plants.

In Europe the development has
been fast. In 1984 there were no plantsin
use, in 1987 there was about 8 000 MWe

and it has been estimated that in 1990
the total capacity of SCR-plants in use
will be about 12 000 MWe. The major
part of the plants will be in West
Germany.

The principle of catalytic purifi-
cation is that ammonia is dosed into the
flue gases before they reach the catalyst.
In the catalyst a conversion of the
nitrogen oxides into ordinary nitrogen
gas and water takes place.

In the same way as for sulphur purifi-
cation the cost of nitrogen oxide purifi-
cation has been calculated according to
the following table.

i : Cost
Opteirr:;mg Dept\;;cgtlen (Bre/kWh)
(h) (vear) 80, | NO,
6 000 24 27 | 24
10 36|31
4000 25 33 | 2.9
10 47 | 3.

For power plants operating as peak
load plants with less operating hours the
cost of SO, - as well as NO, - separation
is much higher. The purification results
are also worse as a result of the too short
operating times on account of the start
ups.

Extensive research in the
Nordic countries

In e.g. the Nordic countries exten-
sive development work is carried out to
find new processes for flue gas purifi-
cation. The aim is mainly to discover
alternative residual products, cheaper
plants and on the whole to contribute to
the industrial development. The
research concerns e.g. processes with
sulphuric acid or pure sulphur as re-
sidual product and methods for simul-
taneous reduction of sulphur and
nitrogen oxides. As concerns catalytic
purification attempts are also made to
develop catalysts for higher and lower
flue gas temperatures than the catalysts
of today can handle.

A method for removing both SO,
and NO, hasbeen tested ata demonstra-
tion plant at the Skaerbaek-plant in
Denmark. The method - the so called
SNO,-process - gives pure sulphuric
acid asresidual product. A full-scale 300
MW plant will be built. For reduction of
NO, according to the SCR-method a
demonstration plant has been built at
the Stigsnaes-plant, for the develop-
ment and testing of catalysts.

Another Danish  development
project aims at a full-scale plant for
nitrogen reduction according to a non-
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catalytic purification method, the so
called SNR-method (Selective Non-
catalytic Reduction). The intension is to
reduce the nitrogen emissions with at
least 60% and with a maximum
ammonia emission of 15 ppm. The test
results have been good with small loads.
At full load the results have not been
satisfactory and various possibilities are
still considered to enlarge the tempera-
ture range of the process.

At the Ingd power plant in Finland
new low-NO, burners will be installed
as part of a research and development
project where the aim is to find out how
effective nitrogen reduction it is
possible to achieve and at the same time
to calculate a realistic cost level.

A full-scale plant for separation of
sulphur according to a new method has
been tested in Finland from the begin-
ning of 1988. This so called LIFAC-
method has been developed in Finland
and it is based on injection of limestone
into the process. The desulphuration
costs of the LIFAC-method are essen-
tially lower than the costs of other
commercial  methods,  especially
concerning smaller power plants. The
method is also competitive in bigger
already existing power plants.

New power plant technology

Today large-scale coal-based elec-
tricity production is carried out exclus-
ively by coal dust firing. There is about
50 years of experience of this technique.
The nearest alternatives to conventional
coal dust firing now being developed
are:

- atmospheric fluidized beds
- pressurized fluidized beds
- gasification

The “conventional” atmospheric
fluidized beds are dominated by two
techniques - the bubblingand the circu-
lating bed. In these types combustion
takes place with simultaneous sulphur
absorption through the adding of lime to
the bed. To achieve a good sulphur
separation the temperature must be
held between about 800 and 900°C.
Because the combustion temperature is
low the formation of nitrogen oxides is
also low.

In a pressurized fluidized bed where
the pressurized bed forms the combus-
tion chamber the pressurization is
caused with the help of a gas turbine
fitted witha compressor. A combination
cycle is obtained by cooling down the
flue gases with a steam turbine in a
steam process. The combustion takes
place at a low temperature here also



which means that there are good oppor-
tunities for sulphur separation directly
in the bed. Four such plants have been
ordered, each with a thermal effect of
200 MW, Two of them will be built in
Stockholm.

Because natural gas is environmen-
tally safe it is a fuel for the future. With
the growing use of natural gas the
processes will also develop and become
cheaper and utilize the fuel more effi-
ciently.

In a gasification power plant coal or
other solid fuels are gasified into
combustible gas. This gas then drives a
combination cycle. The combustible
gas is pured of sulphurand dust before it
is burned in a gas turbine or a Diesel
plant, Very low emission values can be
achieved in this way. Plants of this type
are planned in many parts of the Nordic
countries. Outside the Nordic countries
there are already many demonstration
and pilot plants.

The new techniques that reduce air
pollution instead create other and new
environmental impacts in the form of
residual products and waste water.
Electricity producers are working on
solving these new environmental
impacts with new techniques in the
future.

The environment makes
demands on new technology

Further development of environ-
mentally safe electricity and heat
production requires an energy system
based on hydro power and nuclear
power as well as on fossil fuels, i.e. coal,
oil and natural gas, and new energy
sources such as wind power, sun panels,
fuel cells and biomass.

Hydro power and nuclear power do
not cause air pollution. A continued use
and development of these energy
sources means environmental advan-
tages concerning emissions of SO,, NO,
and CO,. As was earlier mentioned the
proportion of hydro power and nuclear
power within the Nordel-area is con-
siderable as well as the co-production of
heat and electricity. Therefore the
emissions are relatively smaller than in
many other industrial countries.

The Nordic energy production must
continue to be based partly on fossil
fuel. Environmentally natural gas is the
best fuel, but on a global level the gas
resources are the most limited. Astothe
trend the development of new combus-
tion and fuel gas purification techniques
will also continue which will result in a
better environment. Another develop-

ment is the growing co-production of
electricity and heat and bigger elec-
tricity production in comparison with
heat production.

In the future it will also be necessary
to consider environmentally and econ-
omically whether new techniques
should be tested in decentralized energy
systems or in connection with a central-
ized system for supply of energy. [t must
also be considered whether electricity
should replace direct use of fuel to
reduce local air pollution.

Nordic electricity production
is versatile

The Nordic countries have very
different systems for production of
electricity and heat. Denmark can be
characterized as a land of coal power,
Norway and Iceland as lands of hydro
power, Sweden as a land of nuclear and
hydro power and Finland as a land of a
combination of all. The proportion and
importance of gas power is expected to
increase in all countries. Within the
Nordel-area 85% of all electricity is
produced with nuclear power or rene-
wable hydro power. The electricity
production is equal to 30% of the total
energy consumption in the Nordic
countries.

Environmentally it is an advantage
that the energy system in the Nordic
countries is based on different forms of
production. The Nordic electricity
producers are thus well prepared to
develop a versatile, energy efficient,
energy saving and thereby environmen-
tally safe energy system.
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Definisjoner
I Nordels definisjoner har de anvendte
utrvkk felgende betydning:

Installert maskineffekt 1 en kraftstasjon
angis i MW ogersum nominell effekt for
de enkelte aggregater.

Overferingskapasitet for en kraftledning
er den effekt i MW, som ledningen av
hensyn til en eventuell begrensning i
tilkoblede anleggsdeler kan overfore
under normale forhold.

Elproduksjon angis i GWh og er den
produksjon som vedkommende land
oppgir 1 sin offisiclle statistikk.

Mottrykksproduksjon er elektrisk energi
produsert i en turbogenerator med
damp, som etter turbinen benyttes til et
annet formal enn elproduksjon, for
eksempel fjernvarme, industridamp etc.
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Kondenskraftproduksjon er elektrisk
energi produsert i en turbogenerator
med damp, som etter turbinen konden-
seres slik at dampens energi kun
utnyttes til elproduksjon.

Import og eksport av elektrisk energi
angis 1 GWh og er de energimengder
som avregnes som kjop og salg mellom
de respektive land. Nettoimport er diffe-
ransen mellom import og eksport.

Bruttoforbruk av elektrisk energi angis i
GWh og ersummen av elproduksjon og
nettoimport.

Nettoforbruk av elektrisk energi angis i
GWh og er summen av de energi-
mengder som er levert til og malt hos
forbrukerne, samt de energimengder
som produseres i industrien for eget bruk.

Tap er differansen mellom bruttoforbruk
og nettoforbruk.

Tilfeldig kraft til elkjeler er elektrisk
energi som benyttes til fremstilling av
damp eller varmtvann, til erstatning for
olje eller annet brensel, og som leveres
pa spesielle vilkar,

Magasinkapasitet for et vannmagasin
angis i GWh som den energimengde
som kan produseres i de nedenforlig-
gende kraftverk ved en engangstem-
ming av fullt magasin.

Magasininnhold ved et gitt tidspunkt
angis i GWh som den energimengde,
som kan produseres i de nedenforlig-
gende kraftverk av magasinets vanninn-
hold over lavest regulerie vannstand.

Magasinfyllingsgrad ved et gitt tidspunkt
angis i prosent som forholdet mellom
magasininnhold og magasinkapasitet.

Definitioins

Used expressions have the following
meanings according to Nordel’s defini-
tions.

Installed capacity is the installed genera-
ting capacity of a power station given in
MW and constitutes the arithmetric
sum of the rated capacity of the units
installed.

Transmission capacity is the rated capa-
city in MW of a line with due regard
taken to the limits imposed by the trans-
formers connected to it.

Electricity production is given in GWh
and represents that output the indivi-
dual countries officially report.

Back-pressure production is the produc-
tion of electric energy by a generator set
driven by steam which, when
discharged from the turbine, is applied
for a purpose irrelevant to power
production (such as district heating,
process steam etc.)

Condensing power production is defined
as the output from a turbogenerator set
operated by steam that is expanded ina
cooling water condenser to enable the
steam to be utilized exclusively for
electric power generation.

Imports and exports are the exchange of
power given in GWh for the commercial
blocks of power delivered or received by
the individual countries. Net imports is
the difference between import and
export.

Gross consumption of electric energy is
given in GWh and is the sum of
domestic production and net import.

Net consumption of electric energy is
given in GWh and is the sum of the
power delivered to and metered at the
consumers as also the power produced
by industry for its own consumption.

Losses are defined as the difference
between gross consumption and net
consumption.

Excess power to electric boilers is defined
as intermittent deliveries of temporary
surplus power for raising steam or
district heating in electric boilers on
terms agreed on by the parties con-
cerned.

Storage capacity of a reservoir is given in
GWhand isequivalent to the powerthat
isexpected to be generated by all down-
stream power stations by full discharge
of the impounded water,

Storage contents of a reservoir at certain
times is indicated in GWh as being the
quantity of energy which can be ex-
tracted from the water contents above
the lowest regulated water level at all
power stations below the reservoir,

Rate of storage contents at given time is
given as a percentage of the total reser-
voir capacity in terms of GWh.



Enheter

Effektenheter

kW = kilowatt

MW = megawatt=1000 kW

kVA = kilovoltampere

MVA = megavoltampere=1000 kVA
Energienheter

J = joule

k] = kilojoule=0,24 kcal

TJ = terajoule=10"]=239 toe
PJ = petajoule=10"]J

kWh = kilowattime=3600 kJ
MWh = megawattime=1000 kWh
GWh = gigawattime=Imillion kWh

TWh = terawattime=1000 GWh
= 1 milliard kWh

Mtoe = 1 million toe-olje ekvivalent
tilsvarer 11,63 TWh

Symboler

=~ Tilnzermet verdi
Verdi null

e  Data ikke tilgjengelig eller
for usikkert 4 oppgi

L] Data kan ikke forekomme

0 Mindre enn 0.5 av den
brukte enhet

Units

Power Units

kW = kilowatt

MW = megawati=1000 kW

kVA = kilovoltampere

MVA = megavoltampere=1000 kVA
Energy Units

] = joule

kJ = kilojoule=0.24 kcal

TJ = terajoule=10"J=23.9 toe

PJ = petajoule=10"]

kWh = kilowatt-hour=3600 kJ
MWh = megawatt-hour=1000 kWh
GWh = gigawatt-hour=Imillion kWh

TWh = terawatt-hour=1000 GWh
= 10° kWh

Mitoe = 1 million tons of oil
equivalentcorresponds to
11.63 TWh

Symbols

= Approximate value
- Value zero
oo Data not available

° Category not applicable

0 Less than 0.5 of the unit
concerned



Installert effekt

Den totalt installerte effekt i Nordel-
landene okte i 1988 med 854 MW til
80972 MW. Installert effekt i vannkraft-
stasjoner utgjorde ca. 56%. I Sverige og
Finland var det ved érets utgang instal-
lert 12010 MW kjernekraft.

Fordelingen mellom vann- og
varmekraft er sveert forskjellig i Nordel-
landene. 1 Danmark benyttes omtrent
bare varmekraft, mens det i Norge
benyttes vannkraft. Pa Island domi-
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nerer vannkraften, mens Sverige har
omtrent like stor effekt installert i vann-
og i varmekraft. I Finland ugjor varme-
kraften noe over 3/4 av installert effekt.

Installed capacity

In 1988 the total net capacity in the
Nordel countries increased by 854 MW
to 80972 MW. Of the total capacity 56%
consisted of hydro power. The nuclear
capacity was 12010 MW.

In Nordel the distribution of hydro
and thermal power differs considerably.
In Denmark the generating plants are
almost entirely thermal, whereas in
Norway they are hydro. Hydro power
dominatesinIceland, while Sweden has
an equal amount of thermal and hydro
installations. In Finland thermal power
amounts to more than 3/4 of the
installed capacity.

Fig. S1 Installert effekt 31.12. 1988 og tilsvarende middelarsproduksjon for installert vannkraft og vindkraft
Installed capacity on Dec. 31, 1988 and corresponding avarage-year production by hydro power and wind power

Vannkraft, MW
Hydro power, MW

Middelarsproduksjon, GWh
Avarage-year hydro production, GWh

Vindkraft, MW
Wind power, MW

Middelarsproduksjon, GWh
Avarage-year praduction, GWh

Varmekratt, MW
Thermal power, MW

Derav MW
of which

mottrykk, fiernvarme konv.,
back-pressure, district heating conv,

mottrykk, industriell
back-pressure, industry

kondens, process
condensing, process

kondens, kjerne
condensing, nuclkear

kondens, konvénsjonell
candensing, conventional

gassturbin, diesel
gas turbine, diesel

Totalt installert effekl
Total installed capacity
1988 MW
1987 MW

Tilskudd i 1988, MW
Additions in 1988, MW

Tatt ut i 1988, MW
Retirements in 1988, MW

" Inkl. kondensturbiner med uttak for fiernvarme.
. Inel. eandensing turbines with sleam drawn for district heating.
“ Herav ingar ett nettotilskudd pa 165 MW «Privat» produksjon

Danmark Finland Island
10 2648 sy
30 12182 4200

200 0 0
400 0 0
7929 9620 171
398 2093 .
130 1842 L
. 120 °
. 2310 .
7102" 2428" 19
299 827 1529
8139 12268 9237
8129 11985 922%
215% 303 1
2054 20 0

(auto-producers) som ikke var med i lidligere oppgaver.
Ot which net-addition of 165 MW “Privat” production
(auto-producers) nol included in earlier statistics.

Norge Sverige Nordel
25647 16112 45169
106734 62552 185698
0 8 208

0 11 411

314 17561 35585

. 2531 5022

201 989 3162
54 . 174

. 9700 12010

24 2641 12214

35 1700 3013
25961 33681 80972
25540 33542 80118
421 139 1079

0 0 225

¥ Herav geotermisk kraft 41 MW,
Of which geothermal power 41 MW,



Fig. S2 Nye aggregater i drift i 1988

New power plant capacity 1988
Kraftslag/ Nyinstallasjon i 1988 Totalt 31.12. 1988
kraftstasjon New units taken into operalion Total
Power category/plant
Antal Ny @kning av Tot. inst. Total middel-
agar. effekt middelarsprod.” effekt arsprod.”
Nurmber New Increase in Total installed Total average-
of units capacity average-year capacity year production'!
production
MW GWh MY GWh
Danmark
Vannkraft e — — 10 30
Hydro power
Vindkratt se 50 100 200 400
Wind power
Kanv. varmekraft L1 -1057 . 7929 .
Conv. thermal power
Finland
Vannkraft 2 45 72 2648 12182
Hydro power
Konv. varmekraft 3 239 L] 7310 °
Conv. thermal power
Tampere 1 132 g 260 .
Kouvola 1 41 g 41 .
Veitsiluoto 1 66 a 66 L
Kjernekraft = = ° 2310 °
Nuclear power
Island
Vannkraft == = — 752 4200
Hydro power
Konv. varmekrafl e 1 ® 171 .
Conw. thermal power
Norge
Vannkraft oe 101 321 25647 106734
Hydro power
Stuvane 1 38 148 38 148
Ormsetfoss 1 40 82 40 82
Tonstad G5 i 320 0 960 3654
Konv. varmekraft - — = 314 °
Conv. thermal power
Sverige
Vannkraft 4 11 38 16112 62552
Hydro power
Gallgjaur G2 1 101 0 224 647
Vindkraft 5} 3 5 8 it
Wind power
Konv. varmekraftverk - - - 7861 ®
Conv. thermal power
Kjernekraft = 25 . 9700 .
Nuclear power
Forsmark B3, effekiakning — 10 . 1070 .
Increase in capacity
Barsebéck B2, efiektokning - 15 . 600 .
Increase in capacity
11 Bare for vann-og vindkratt. For den konv. varmekraften angis brenselsliag. 2 Tilskudd 21 MW, tatt ut 126 MW

(o= oljg, k= kull, g—gass, t =torv, a = avfall) Additions 21 MW, retiremanis 126 MW
Only for hydro power and wind power. For new conv. thermal power type of luel is stated:
{o=qail, k =coal, g = gas, | = peat, a=garbage, waste)
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Fig S3 Besluttede storre kraftstasjoner

Decided larger power plants
Kraftslag/ Totalt inst. Middelars- Besluttet nyinstailasjon
kraftstasjon nettoeffekt prod.” Decided new plants
Power category/plant 31.12.88 31.12.88
Antall Ny @kn. av Beregnet
Installed net Average- aggr. effekt middelarsprod.)  idriftssettelse
capacity year Numer of New Increase in Estimated
production” new units capacity average commissioning
ear
;rodudicn“
MW GWh MW GWh
Danmark
Kanv. varmekraft
Convenlional thermal power
Amagervaerket B3 256 k/0 1 250 k/o 1988
Avedarevaerkst B1 . . 1 250 kio 1990
Fynsvearket B7 530 k/o 1 385 kio 1991
Vestkraft B8 426 k/o 1 370 kit 1992
Finland
Vannkraft
Hydro power
Tainionkoski 42 330 1 18 30 1989
Kokkosniva ® L] 1 25 80 1990
Kurkikoski ® ° 1 27 80 1993
Konv. varmekraft
Conventional thermal power
Haapavesi ] . 1 150 t 1989
Kristiina 240 . 1 263 kia 1989
Porvoo ® . 1 43 a 1989
Vantaa 67 e 1 68 g 1989
Hameenlinna 20 e 1 43 g 1989
Kajaani ° ° 1 62 t 1989
Espoo 82 ° 1 44 a 1989
Hyvinkaa . L] 1 40 g 1989
Seindjoki . . 1 105 t 1990
Helsinki L] . 3 158 g 1980
Island
Vannkraft
Hydro power
Blanda L] L] 3 160 750 1991
Norge
Vannkraft
Hydro power ;
Dokka/Tarpa - . 2 195 502 1989
Jostedal . . 2 270 870 1989-91
Svartisen . L] 2 700 1200 1991-86
Sverige
Vannkraft
Hydro power
Sikfors 6 47 1 40 135 1990
Konv. varmekraft
Conventional thermal power
Véran 433 0 2 128 k 1990
Kjernekraft, efiektekninger
Nuclear power, power extensions
Ringhals B1 750 35 . 1989
Forsmark B3 1070 . - 70 . 1989
Oskarshamn B3 1070 . == 80 ° 1989
Ringhals B2 780 e = 60 ° 1989-90

' Bare for vannkraften og vindkraften. For den konv. varmekraften angis brenselslag
(o= olje, k=kull, g = gass, t = torv, a = aviall).
Only for hydro power and wind power. For new conv. thermal power type of fuel is stated
(o=oil, k=rcoal, g = gas, t = peat, a = garbage, waste).
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Det nordiske hayspentnettet

Sverige har forbindelser med Danmark,
Finland og Norge. Mellom Finland og
Norge er det i 1988 satt i drift en 220 kV
forbindelse, forelobig med 50 MW over-
foringskapasitet. Dessuten er det noen
ledninger for lokale leveringer fra Norge
til forbrukere i Finland. Ved drets
utgang var den totale overforingskapasi-
teten fra Sverige ca. 4500 MW og til
Sverige ca. 4100 MW. Mellom Danmark
(Jylland) og Norge finnes en likestroms-
forbindelse med overferingskapasitet
510 MW i begge retninger. Syd-Jylland
har 400, 220 og 60 kV forbindelser med
Vest-Tyskland. Mellom Finland og
Sovjeterdeten 1000 MW likestremsfor-
bindelse. Dette er den forste hovednett-

Fig. S4 Overfaringsledninger
Transmission lines

forbindelse av denne stprrelsesorden
mellom Sovjet og Vest-Europa. Fra for
er det en mindre samkjoringsforbin-
delse mellom Norge og Sovjet, oglokale
forbindelser mellom Finland og Sovjet.
Island er ikke elektrisk sammenkoplet
med de ovrige Nordellandene.

The grid system in the

Nordel countries

Sweden is connected to Denmark,
Finland and Norway. Between Finland
and Norway a 220 kV link was brought
into service in 1988, with a preliminary
capacity of 50 MW, In addition there are
a few lines from Norway to Finland for
local consumption there. The total capa-

city from Sweden was about 4 500 MW
and to Sweden about 4 100 MW. The
DC cable connection between
Denmark (Jutland) and Norway has the
capacity of 510 MW in both directions.
From southern Jutland there are 400,
220 and 60 kV interconnection links to
West Germany. Between Finland and
the Soviet Unionthereisa 1000 MW DC
link. This is the first main grid connec-
tion of this size between the Soviet
Union and Western Europe. Between
Finland and the Soviet Union and
between Norway and the Soviet Union
there has been a number of local inter-
connections for many years. Iceland is
not electrically connected to the rest of
the Nordel countries.

400 kV 220-300 kV 110, 132, 150 kV

Tatt i drift | drift Tatt | drift | drift Tatt i drift | drift

1988 31.12.1988 1988 3112, 1988 1988 3112.1988

Brought In service Brought In service Brought In service

into-service Dec. 31, 1988 into service Dec. 31,1988 into service Dec. 31,1988

in 1988 in 1988 in 1988

km fm km ferm km km
Danmark B 924" 24 2479 4 3500%
Finland 0 3259 203 2477 200 13650
Island — < 0 467 0 1343
Norge 200 1687 133 52319 160 9600
Sverige 100 10051 —4323 51929 e 15000

' Herav 237 km i drift med 150 kV og 48 km med 132 kV.

_ Of which 237 km in service with 150 kV and 48 km with 132 kV.

“ Tilskudd 74 km 285 kV likestramledning, 117 km 220 kV vekselstremiedning er revet,

. T4 km new 285 DC link. 117 kmn 220 kV AC [ink taken out of service,

* Herav 80 km i Danmark og 96 km i Sverige (Kontiskan 1)), 89 km i Danmark og 151 km i Norge (Skagerrak) | drift med 250 kV likestram,
samt 75 km | Danmark og 74 km | Sverige (Kontiskan 2) i drift med 285 kV likestrem
Of which 80 km in Denmark and 86 km in Sweden (Kontiskan 1), 89 km in Denmark and 151 km in Norway (Skagerrak) in service with 250 kv DC,
and 75 km in Denmark and 74 km | Swiaden (Kontiskan 2} in service with 285 kV GC.

Y Herav 33 km i drift med 60 kV ag 105 km med 50 kV.

_ Ofwhich 33 km in service with 60 kV and 105 km with 50 kV.

1 Nytilkommet ledningsstrekk 1988 i drift med 220 kV

New link in 1988 in service with 220 kV.
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Fig. S5. Nordels hayspentnett
The Nordel main grid

1wy

Island

Pirttikoski

Alapithi

Vannkraffverk

Hydio power plant

Varmekratverk

Themal puwe! plan :

Transt. el kapl stasjon

Sebwtatan

400 kY TBdning

AGD WY (e

300 kY gdining

3RV tine

220 kY iedritig

220 W |rie” :

132 RV ledring (bara-taland)

152KV lige (oeland any)

Likestremstedning

DE-ine

Omiormarstasjon veksel-, like-,

veksalsiram

“Hark-o-tiack utation
Samil. torts. for lavpre spenning
enn 220 kv

[

1t

A d
:I::g;wm ar viillage (e
Midiertidig driftsspenning
Tempatary vallagy

| dnift

Inuse

Besluttede ulbygginger
Decided expansions

Planiagte, men enda like
beslutteds utbygginger

Planned expansions
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Fig. 56 Samkjeringsforbindelser mellom Nordellandene
Interconnections between the Nordel countries

Land Stasjoner Nominell Overferingskapasitet Lengde Kabel
Countries Terminal stations spenning, kV  Transmission capacity Length Cable
Rated voltage
kv MW km km
Fra Til
Danmark Danmark
From Ta
Denmark Penmark
| drifts
In senvice:
Danmark- Tiele-Kristiansand +250= 510 510 240/pol 127/pol
Norge
Fra Til
Fintand Finland
From To
Finland Finland
Finland- Ivalo-Varangerbotn 220~ 50 50 228
Norge
Fra Til
Sverige Sverige
From To
Sweden Sweden
gan{narkm Leg!str;ﬁarg—iﬁoﬁgro ! l gg: 350" 350" g? 1 g’-’
verige oveg singborg nr 1 1
Hovegard-Helsingborg nr 2 400~ ’ 700 } Zis 91 8
Vester Hassing-Gdteborg 250= 260 260 176 87,5
Vester Hassing-Lidome 285— 300 300 149 871
Hasle (Bornholm)-Borrby 60~ 60 60 476 43,3
Finland- Ossauskoski-Kalix 220~ 93
Sverige Petajaskoski-Letsi 400~ } 900 } 700 230
Keminmaa-Svartbyn 400~ 134
Hellesby (Aland)-Skattbol 70~ 35 35 76,5 56
Norge- Semes-Tornehamn 132~ 200 200 39
Sverige Ritsem-Cfoten 400~ 58
Ressaga-Ajaure 220~ 2607 10024 117
Linnvasselv® 220/66~ 50 50 =
Nea-Jarpstrommen 275~ 5007 500% 100
Lutufallet-Holjes 132~ 40 20 175
Eidskog-Charloftenberg 132~ 100 100 18
Hasle-Borgvik 400~ 11009 1100% 106
Hasle-Trallhattan 400~ 135
Totalt 5065 4685
Besluttet; Fra Til
Decided: Sverige Sverige
From To
Sweden Sweden
Finland- Raumo-Forsmark 400 500 500 220 190
Sverige (Dec. 89)

' Ogsa ved parallell drift er total overferingskapasitet 700 MW | begge retninger. Overfaringskapasiteten er ofte heyere. Den er avhenagig av
aktuell produksjonssituasjon og driftskopling.
Al parallell operation of the inferconnections the total transmission capacity amounis to 700 MW, The transmission capacity is often higher, depending on
the praduction and main grid canditions.

“ Kabelforbindelsen bestar av fire trefase-kabler som er parallellkoplet to og to.
The cable line comprises four three-phase cables, which are parallell connected two by two. )

9 Av hensyn til ringdriften over flere samkjeringsforbindelser Norge-Sverige og visse andre driftssituasjoner, kan dimensjonerende feiltilfelle
gi lavere overforingskapasitet,
Transmission capacity is in some cases reduced by dimensioning faull case.

4100 MW gjelder ved maksimal produksjon i Gejman-Ajaure-Gardikfors, Ved minimal produksion i disse stasjoner og maksimalt 250 MW
produksjonsoverskudd i Helgeland er overferingskapasiteten 200 MW,
100 MW with maximum production in Gejman-Ajaure-Gardikfors. With minimum production in these stations and up to 250 MW surplus production in
Helgeland the transmission capacity is 200 MW.

% Samkjeringsforbindelsen er en 220/66 kV transformator | den norsk-svenske kraftstasjonen i Linavasselv.
The interconnection consists of a 220/66 kV transformer in the Norwegian-Swedish power station in Linnvassely,

==
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Elproduksjon Fig. S7 Total elproduksjon i Nordel

Den totale produksjonen i Nordel var Total electricity production within Nordel Kjernekraft 25,5%
332,1 TWh i 1988, en ekning pa 1,3%i /— Nuclear power
forhold til 1987. Vannkraften utgjorde Vannkraft 59,0%

59.0% og kjernekraften 25,5%. Tilsvar- Hydro powey
ende tall i 1987 var 58,7 og 25,3%.

Electricity production

The total production in Nordel was
332,1TWhin 1988. This is an increase of
1.3% compared with 1987, Hydro power
amounted to 59.0% and nuclear power
to 25.5% of the total production. The _ 1} :
corresponding figures for 1987 were i

58.7 and 25.3%. AN

@vrige 0,3% —] Mottrykk 6,0% — Kondens 9,2%
Others Back-pressure Condensing power
Fig. S8 Elproduksjon (GWh)
Electricity production

Danmark Finland Island Norge Sverige Nordel
Vannkraft 1988 30 13358 4166 109578 68755 195887
Hydro power, 1988
Vannkraft 1987 29 13658 3915 103769 70990 192361
Hydro power 1987
Vindkraft m.m. 1988 290 0 0 0 7 297
Wind power etc. 1988
Vindkraft m.m, 1987 183 0 0 0 6 189
Wind pawer ete, 1987
Mottrykk, flernvarme oo 7083 ° . 2734 9817
Back-pressure, district heating
Mottrykk, industri LU 6764 L 232 3043 10039
Back-pressure, industry
Kondens, prosess ¢ ee 416 @ - . 416
Condensing, process
Kondens, kierme L 18442 . . 66357 84799
Condensing, nuclear
Kondens konvensjonell 24613 5025 e 121 434 30193
Condensing, conventional
Gassturbin, diesel m.m. oo 203" 2512 132 60 646
Gas turbine, diesel efc.
Varmekraft 1988 24613 37933 251 485 72628 135910
Thermal power 1988
Varmekraft 1987 26203 37189 238" 514 70996 135140
Thermal power 1987
Total produksjon 1988 24933 51291 4417 110063 141390 332094
Total production 1988
Total produksjon 1987 26415 50847 4253 104283 141992 327790
Total production 1987
Endring i prosent -5.6 09 3.9 55 -0.4 1.3
Change in %
' Herav 195 GWh fra naturgas Of this 195 GWh from natural gas

2? Herav 245 GWh geotermisk kraft Of this 245 GWh geothermal power
¥ Herav 234 GWh geotermisk kraft Of this 234 GWh geothermal power

T =
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%
Fig. S10 Magasinfylling e
. syl T FINLAND
Kurvene viser magasinfyllingen i % av A AT
magasinkapasiteten i 1987 og 1988. De 90 7~ 2 Ny
pvre og nedre begrensningskurver for / » <
de senere dars magasinvariasjoner er inn- 80 o 1
tegnet. Begrensningskurvene er hoyeste / F N\
henholdsvis laveste ukeverdier i peri- - ‘ \
oden 1978-1987. 70 ) <
Water reservoirs \ / /
The curves show the impounded water 60 ;
in per cent of total f‘stora‘ge capacity for \ / :
1987 and 1988. The field givesupperand
lower extremes which are composed of 2 \ N ,,,_./\
the weekly maximum and minimum \ / ~—|
recorded for the period 1978-1987. 40 N N7
NZ T
\ |t
30 < /
............ 1987 1988 20 \\
\_,/ Magasinkapacitet
Ekstremverdier (1.1. 1978-31.12. 1987) Reservoir capacity
Extreme values (1.1. 1978-31.12. 1987) 10 1.1.1988 4646 GWh
31.12.1988 4717 GWh
0 T T T T T T
J] F M A M J J A S OND
== 1860
NORGE SVERIGE _| A=
2 ,/1 \\ / /‘_‘/ '\\
90 _
// .ﬁ/\,\\ 80 \ / / \
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Magasinkapacitet 20 Magas_inkapaf:itet
Resegrvoir ca;ﬁnci!y \\ / Reservoir capacity
1.1.1988 76577 GWh = 1.1.1988 33350GWh
3112.1988 76846GWh| ° 3112.1988 33350GWh
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Fig. S11 Maksimal belastning 3. onsdag i januar og desember 1988
Maximum load on the 3" wednesday in January and December 1988

Danmark

Vest for Store Belt (ELSAM)

West of the Great Belt

@st for Store Belt ekskl.
Bornholm (ELKRAFT)

East of the Great Belt excl. Bornholm

Finland
Island

Norge
Ser for (south of) 87,5°N
Nord for (north of) 67,5°N

Sverige

Nordel ekskl. Island
Nordel excl, lceland
Mellomeuropeisk tid
Ceantral-European time

Fig. $12 Elenergiomsetningen 1988 (GWh)
Electric energy turnover in 1988 (GWh)

Produksjon
Praduction

Import
Import

Total produksjon og import
Total production and import

Eksport
Export

Bruttotorbruk
Gross consumption

Tilfeldig kraft til elkjeler etc.

Excess hydro power to electric boilers etc.

Bruttoforbruk ekskl. tilfeldig
kraft til elkjeler

Gross consumption excl. excess
hydro power to electric boilers etc.

Endring fra 1987 %
Change as against 1987 %

" Herav pumpekraft 1024 GWh

Installert  Max. kraftstasjons-
nettoeffekt belastning
Installed Max power station
net capacity  output
3112.88 Januar 1988 Desember 1988
Lokal tid Lokal tid
MW Local time MW Local time MW
4378 9-10 2672 8-9 2811
3691 17-18 1467 17-18 2270
12268 g-9 7139 8-9 8515
923 10-11 620 11-12 634
24159 17-18 14182 9-10 16417
1802 16-17 1126 15-16 1394
33681 8-9 21676 8-9 20866
80582 B8-9 48276 8-9 49135
Danmark Finland Island
24933 51291 4417
5858 7791 .
30791 59082 4417
432 409 .
30359 58673 4417
0 68 122
30359 58605 4295
1.2 4.2 6.3

Of this pumped storage power 1024 GWh

— 74—

Max. systembelastning
Max. system load
Januar 1988 Desember 1988
Lokal tid Lokal tid
Local time MW Local time MW
17-18 3001 8-9 3045
17-18 2213 17-18 2310
17-18 8341 8-9 9502
10-11 620 11-12 634
9-10 13863 8-9 15180
16-17 1110 13-14 1096
8-9 20950 8-9 21374
8-9 51905 8-9 52231
Norge Sverige Nordel
110063 141390 332094
1165 5064 19878
111228 146454 351972
6758 7671 15270
104470 138783 336702
5224 7871 12985
99246 131212 23T
-0.1 -07 06



NORDEL 1988
Elenergituveksling 5
Power exchange M ﬁ%m
Fig. $13 Oversikt over omsetningen av %g i

elektrisk energi i Nordel 1988 €00
Review of the electric energy turnover in

ey

r 131
GWh/year e 2914
?’? 32

& 4628

Fig. $14 Elenergiutveksling 1988 (GWh)
Exchange of electric energy in 1988 (GWh)

Import til: Danmark Finland Norge  Sverige  Nordel- Andre Total eksport
Import to: land land Total export
Nordel Other 1988 1987
countries counlries
Eksport fra
Export frorm:
Danmark @ — 27 189 216 216 432 596
Finland — . - 409 409 — 409 504
Norge 2287 & . 4466 6758 = 6758 3311
Sverige 3475 3058 1138 . 7671 = 7671 6344
Nordel-land 5762 3063 1165 5064 15054 216
MNordel countries
Andre land 96 4728 —~ — 4824
Other countries
Total import 1988 5858 7791 1165 5064
1987 4172 6099 2932 2174
Nettoimport 1988 5426 7382 -5593 -2607
Net import 1987 3576 5595 - 379 -4170
Nettoimport/ 1988 17.9 126 -5.7 -2.0
bruttoforbruk | % 1987 120 10.0 -04 -32

Net import/arass
consumption in%



Fig. S15 Manedlig utveksling av elektrisk energi i o “«>
B

mellom Nordellandene 1988
-}Q/\P’Norgg 0

Monthly exchange of electric energy within
Nordel 1988 %
A
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Elfe orbrt{ket . Fig. S16 Elforbruket fordelt pa konsumentgrupper ekski. elkjeler
Electricity consumption Electricity consumption distributed on consumer groups excl. electric boilers

Bosteder, service m.m:. Jembane og sporveier . Industri
Domestic, commercial eic. Traction Industry
Fig. $17 Elforbruk 1988 (GWh)
Electricity consumption 1988 (GWh)

Danmark Finland Island Norge Sverige Nordel
Bruttofarbruk 30359 58673 4417 104470 138783 336702
Gross cansumption
Tilfeldig kraft til elkjelar 0 68 122 52242 7571 12985
Excess hydro power lo electric boilers
Bruttotorbruk” 30359 58605 4295 99246 131212 323717
Gross consumption’!
Tap 2099 3045 344 10147 11303 27064
Losses
Nettoforbruk 28260 55560 3951 89089 119909 296653
Net consumplion
Industri 8235 31310 2635 42487 51830 136597
Industry
Jembane og sponveier 170 400 — 675 2564 3809
Traction
Bosteder, service m.m 19855 23850 1316 45937 65415 156247

Domestic, commercial

Forandring av bruttoforbruk

jamfert med foregaende ar %" 1.2 42 6.3 -0.1 -0.7 0.6
Change i grass consumplion

as against previous year, %!

Gjennomsnittlig forandring av _

bruttoforbruk de sista 10 ar % 28 52 43 27 42 36
Average chanae in gross

consumplion in the last 10 years, %!

Bruttoforbruk pr. innbygger i kWh 5919 11847 17180 23574 15546 14087
Gross consumption per inhabitant in kKWh
Middeltolkemengde 1988 mill. a.13 4,95 0.25 421 844 23,0

Average population 1988 mill.

I Ekskl. tilfeldig kraft til elkjeler Excl. excess hydro power to eleciric bollers
2 Herav pumpekraft 1024 GWh Ot this pumped storage power 1024 GWh

==
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140 — Fig. $18 Bruttoforbruk” av elenergi
1979-1988
Gross consumption of electric energy
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Fig. $19 Bruttoforbruk” av elenergi
pr. innbygger
Per capita consumption”

! Ekskl. tilfeldig kraft til elkjeler
Excl. excess hydro power to electric boilers
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Fig. S21 Energitilgang i Norden

NORDEL

1988

Energy supply within
the Nordic countries
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Fig. S21 viser den faktiske elenergitil-

forsel 1 1988 samt prognose for 1995. De

enkelte Nordelland er vist for seg.

Oppdelingen er foretatt pa kategoriene

vannkraft, kjernekraft og annen varme-

kraft med angivelse av de ulike brensel-
typer. Vannkraften i prognosen er
middeldrsproduksjon. For Norge inne-
barer dette betydelige mengder
tilfeldig kraft som kan utnyttes i innen-
landske elkjeler og/eller eksporteres.

Den norske kraftproduksjonen forut-

settes dimensjonert med ekstra fast-

kraftreserve utover forbruksprognosen,
jamfer fig. S22.

Elenergifordelingen er sammen-
lignet med landenes energiforbruk
utenom elsektoren. For hvert ér er vist
to stolper pr. land. Den venstre angir
fordelingen av elenergi. Den hoyre viser
ovrig energiforbruk.

For skalaene gjelder:

- Venstre skala i TWh gjelder eltilfer-
selen.

- Hoyre skala i PJ gjelder for evrig ener-
giforbruk, og er valgt slik at den ogsa
viser hvilke brenselmengder som
medgar til produksjon av den elektri-
sitet som inngér i den venstre stolpe.

Figuren muliggier en sammenligning

mellom elsektoren og den evrige energi-

sektor. Vannkraftens dominerende rolle

i norsk energiforsyning fremgar tydelig.

Fig. S21 shows the energy supply in 1988
and forecast for 1995. Each Nordel
countryisshownseparately. The catego-
ries specified include hydro power,
nuclear power and other thermal power
and different types of fuel have been
given. Hydro power refers to average
year production. In Norway there is a
substantial quantity oftemporary power
which can be exploited in domestic
clectric boilers and/or exported. The
Norwegian power production is antici-
pated to be dimensioned with addi-
tional contracted power reserves.

Electricenergy distribution isshown
in comparison with energy consump-
tion in various countries outside the
electricity sector. For each year two bars
are shown for each country. The bar on
the left shows the distribution of electric
energy. Other energy consumption is
shown on the right.

The leftscale in TWhrefers toelectri-
city supply. The right scale in PJ refersto
other energy consumption and also
shows which fuel quantities are
consumed in the production of electri-
city included in the left bar.

The figure makes it possible to
compare electricity sector with other
energy sector and it shows clearly how

hydro power predominates in the
Norwegian energy supply.

Prognoser

Prognosene for arene 1990 og 1995 er
basert pa kraftselskapenes egne vurde-
ringer av den sannsynlige utvikling.
Prognosene danner grunnlaget for ut-

byggingsplanleggingen av kraftoverfo-
ringssystem og produksjonsanlegg.

Forecasts

The forecasts for 1990 and 1995 in the
following tables are made by the power
companies in the Nordel countries. The
forecasts provide a basis forthe planning
of power transmission systems and pro-
duction utilities.

Fig. S22 Faktisk og prognosert elenergiforbruk

ekskl. elkjeler

Electrical energy consumption and forecast excl.

electrical boilers

1988 1990 1995
TWh/ar  TWh/ar TWh/ar
Danmark 304 32 36
Finland 58,6 62 71
Island 43 4.4 48
Norge 99,2 101 108
Sverige 1312 135 140
Nordel totalt 3237 334 360
Nordel total

Fig. $23 Faktiske og prognoserte eleffekter
Peak load capacity and forecast

1988 1990

Mw MW
Danmark 5789 5400
Finland 10000 10800
Island 618 650
Norge 17054 18600
Sverige 25100 26400
Nordel totalt 58561 62850

Nerdel total

1995
Mw

7300
12400
750
20700
27400

68550

Fig. S24 Faktiske og prognoserte installerte
effekter i MW i de respektive land (verdier

pr. 31.12. respektive ar)

Installed capacity and forecast forinstalled capacity
in each country (valid per Dec, 31)

1988 1990

MW MW

Danmark 8139 8500

Finland 12268 13350

Island 923 950

Norge 25961 26850

Sverige 33681 34300

Nordel totalt 80972 83950
Nordel total

— 80—

1995
MW

9850
14800
1050
28200
36450

90350
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