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ordel, som ble stiftet 11963, eren
N sammenslutning for nordisk
elkraftsamarbeide. Nordel bestéir

av ledende personer innen krafifor-
syningen i Danmark, Finland, Island,
Norge og Sverige. Nordel er et rid-
givende og rekommanderende organ
med formal a4 fremme internasjonalt,
forst og fremst nordisk samarbeide nar
det gjelder produksjon, distribusjon og
forbruk av elektrisk energi. Nordel har
folgende faste arbeidsoppgaver:

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

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

Island

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

En stor del av Nordels arbeide ut-
feres 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-
personeride ulike land. Innen Nordel er
det ogsa kontaktpersoneri mange inter-
nasjonale organisasjoner.

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




onjunkturtoppen synes i veere

B passert tidlig i 1989 i OECD-

omridet, etter en relativt sterk

vekst de to foregdende ar. For OECD-

omridet er det anslitt at bruttonasjo-

nalproduktet okte 3,6%11989 mot 4,4%:i
1988.

Investeringer og eksport viste fort-
satt sterk vekst, men utviklingen i de
enkelte land var tildels sveert ulik. I Vest-
Tyskland og Japan holdt veksten seg
godt oppe, mens den var i klar tilbake-
gang i USA og Storbritannia.

Inflasjonen i OECD-omridet ble
hoyere 11989 enn éret for, men gjennom
daret stoppet veksten opp og ventes a
holde seg stabil. Det var litt nedgang i
arbeidsledigheten. I Vest-Tyskland gikk
ledigheten ned med ca. 0,5% til ca. 5,6%
i 1989, mens den gikk ned ca. 1,7% til ca.
6.5% i Storbritannia.

Den okonomiske utvikling i de
nordiske land var i 1989 fortsatt noe for-
skjellig. Finland hadde sterst ekono-
misk vekst ogsd dette dret med 4.9%
okning i bruttonasjonalproduktet
(BNP). Utviklingen i dansk ekonomi
stabiliserte seg, og BNP okte ca. 2.9% i
1989. Sverige og Norge hadde okning i
BNP pad henholdsvis 2,0% og 2,3%.
Island hadde fortsatt ekonomisk
nedgang, med en nedgang pd 2.5% i
BNP, meget hoy inflasjon og en okning i
konsumprisene pd 252%. Prisstig-
ningen var 6,5% i Sverige og Finland,
mens den var mer moderat | Danmark
og Norge med henholdsvis 4,7% og
4.6%.

Innen Norden var arbeidsledigheten
fortsalt heyest i Danmark med et niva
pa ca. 9,2% ved utgangen ay 1989. I
Norge okte arbeidsledigheten sterkt i
lepet av dret, og den utgjorde 4.9% av
arbeidsstyrken som arsgjennomsnitt. [
Finland ble ledigheten redusert ca. 1%
til 3,5% i 1989. Sverige og Island hadde
lav ledighet fortsatt, henholdsvis 1,4%
og 1,7%.

Hovedinntrykket de senere ar har
veert at Nordel-omridet har hatt heyere
prisstigning enn OECD-omridet, og at
arbeidsledigheten har vert vesentlig
lavere.

Det samlede elforbruk i Nordel-
landene hadde ogsé i 1989 en moderat
okning, og ble bare 0,4% heyere enn i
1988. Bruttoforbruket var 3247 TWh,
eksklusive 13,5 TWh tilfeldig kraft til
elektrokjeler. Utviklingen i landene var
noe forskjellig. Forbruket okte 1,7% i
Danmark og Finland og i Island med
0,8%. Sverige hadde samme forbruk
somi 1988, mens Norge hadde en ubety-
delig nedgang pi 0,2%. Sverige har det
storste elforbruk med 1312 TWh.
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Forbruket i Norge var 98,8 TWh, i
Finland 59,5 TWh, i Danmark 309
TWh og i Island 4,3 TWh.

Vannkralten er den dominerende
elproduksjonen i Nordel. I 1989 sto den
for 206,6 TWh eller 61,6% av den totale
produksjon som ble 335,4 TWh. Norge
har mest vannkraft, med en produk-
sjonsrekord pa 118,6 TWh i 1989. Vann-
kraftproduksjonen i Sverige ble 71,0
TWh,iFinland 12,8 TWhogiIsland 4.2
TWh. Danmark har ubetydelig vann-
kraft, men har derimot endel vindkraft
som i 1989 ble 0,5 TWh.

Kjernekrafien er ogsd betydelig, og
den stod for 80,8 TWh eller 24,1% av
total produksjon. Sverige produserte
62,8 TWh og Finland 18,0 TWh kjerne-
kraft. @vrig varmekraftproduksjon i
Nordel-omradet ble 475 TWh, eller
14,2% av total produksjon, og denne var
hovedsaklig i Danmark, Finland og
Sverige. Kull var det viktigste brensel,
mens naturgass og olje hadde mindre
andeler.

. Nardel

. Istand

Kraftutvekslingen mellom Nordel-
landene ble meget stor dette dret, totalt
28.5 TWh. Dette er den sterste utveks-
lingen som hittil er registrert. Utveks-
lingen utgjorde 8,5% av den totale
produksjon. Sterst import hadde
Sverige med 12,1 TWh og Danmark
med 11,6 TWh. Storst eksport hadde
Norge med 15,4 TWh og Sverige med
12,5 TWh. Den sterste nettoimporter
innen Nordel var Danmark med 11,4
TWh. Den sterste nettoeksporter var
Norge med 14,9 TWh. Finland hadde i
1989 en netlo-import pa 4,0 TWh {ra
Nordel-land, mens Sverige hadde en
nettoeksport pa 0,5 TWh.

I tillegg til disse utvekslinger impor-
terte Finland 4.8 TWh fra Sovjet.
Danmark hadde en netto eksport pa 1,9
TWh til Vest-Tyskland. Nordel hadde
totalt sett en nettoimport pd grunn av
importen fra Sovjet.
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Nordels virksomhet 1989

Fenno-Skan likestromkabelen mellom Raumo i
Finland og Forsmark i Sverige ble tatt i drift for
drsskifter 1989/90. Den 200 km lange kabelen har
400 kV spenning og en effekt pa 500 MW. Denne nye
nordiskeforbindelsen er bade den lengste og storste
DC kabelforbindelsen i hele verden. Hver meter av
kabelen veier 34 kg. Pa bildet vises kabelfartoyer
Skagerak.,

Fenno-Skan, the DC-cable between Raumo in
Finland and Forsmark in Sweden was taken into
service before the turn of the year. The DC-cable has
a length of 200 km and a capacity of 500 MW. This
new Nordic interconnection is the longest and the
strongest DC sea-cable in the whole world. The
weight of the cable is 54 kg per meter. The cable
vessel Skagerak is shown at the picture.




NORDEL 19889

ordel holdt drsmete i Imatra den
24, august 1989. Arsmetet
behandlet drsberetningen for
1988, aktuelle kraftforsyningsspersmél i
de nordiske land og kraftbalansene de
nermeste tre ar. De faste utvalgene
rapporterte om virksomheten siste dret
og la frem sine planer for kommende 4r.
Virksomheten til utvalgene og de
kontaktpersoner og grupper som
rapporterer direkte til Nordel, ble
drefiet. Det ble rapportert fra interna-
sjonale kontakter.

Organisering av Nordels arbeide
med miljespersmél ble behandlet i
arsmotet. En arbeidsgruppe hadde utar-
beidet et forslag som Nordel sluttet seg
til. Nordel oppleste Varmekraftutvalget
og vedtok 4 etablere et nytt utvalg,
Milje- og Produksjonsutvalget, for
styrke arbeidet med miljesporsmal.
Videre ble det vedtatt at Driftsutvalget
og Planleggingsutvalget skal ta milje-
spersmal inn i sine arbeidsprogram.

Nordel dreftet kontakten med utvik-
lingsland i arsmetet og retningslinjer for
engasjementet ble godkjent. Nordel
samarbeider med bistandsorganisasjo-
nene i de nordiske land i kontakten med
aktuelle utviklingsland. 1 mai 1989
hadde Nordel det faglige ansvar for et
seminar for deltagere fra 6 land i
Mellom-Amerika. Alle nordiske land
ble besakt.

Pi drsmotet ble Anders Palmgren fra
Finland, Ove W. Dietrich fra Danmark
og Ragnar Myran fra Norge valgt som
nye medlemmer av Nordel etter
henholdsvis Pertti Voutilainen, Preben
Schou og Arne Finstad.

Driftsutvalgets formannsverv ble
ifolge rotasjonsordningen flyttet fra
Finland til Sverige, Anders Palmgren
gikk av, og Gunnar Alfors ble valgt til ny
formann i Driftsutvalget. Det ble valgt
dansk formann i det nye Milje- og
Produksjonsutvalget for forste 3-drs
periode. Carl-Erik Lundgren ble senere
utpekt som formann.

Representanter fra Nordel hadde
det drlige kontaktmete med Nordisk
Ministerrdds embetsmannskomite for
energipolitikk den 5. desember 1989 i
Kebenhavn. Dette er et ledd i samar-
beidet med de nordiske energimyndig-
heter, og det skjer her en gjensidig
utveksling av informasjon og diskusjon
av aktuelle sporsmal.

Nordel hadde ikke behov for ekstra
mete. Det ble istedet holdt et formann-
og sekretermote den 8. februar 1989 i
Oslo, der utvalgenes og sekretariatets
virksomhet ble behandlet.

Driftutskottet
Utskottet har fortlopande behandlat
aktuella samkorningsfrigor sdsom

kraftsituationen i de nordiska linderna,
kraftutbytenalindernaemellan, driftsi-
kerhet och drifttekniska fragor samt
storningar inom det nordiska kraftsy-
stemet. For bedémning av kraftsitua-
tionen under de ndrmaste tre aren har
oversiktliga effekt- och energibalanser
avseende denna tidsperiod upprittats.

Kraftsituationen har under borjan av
dret varit unik med extremt mild
viaderlek, med atfoljande lag verklig
elforbrukning, samt mycket stor neder-
bord vilket lade grunden till en mycket
god vattenkraftsituation. Aret har sedan
utvecklat sig till ett utpriglat vatar med
relativt mild viderlek med lig forbruk-
ningsokning. Den speciella vattensitua-
tionen har lett till rekordstora kraftut-
byten mellan linderna under aret och
rekordstor nedreglering av kirnkaft.

Temperaturkorrigerad forbruk-
ningsdkning (lopande 12-mdnders-
viirde) i Danmark, Norge och Sverige
blev ca 2% medan Gkningen i Finland
uppgick till 3,5%. For Nordel-systemet
totalt uppgir den temperaturkorrige-
rade 6kningen till ca 2,5%.

Vattentillrinningen har under forsta
halvéret varit mycket storre dn normal i
allatre vattenkraftlanderna. Norge hade
i borjan av aret tillrinningar av samma
storleksordning som totala vattenkraft-
produktionen vilket &dr extremt.
Viarfloden startade ca 2 veckor tidigare
in normalt och ligsta magasinslage fore
varfloden var i Norge, Sverige och
Finland 25, 12 respektive 7%-enheter
hogre in normalt. Under senare delen
av dret har vattentillrinningarna varit
normala och totalt under aret blev till-
rinningarna i Norge, Sverige och
Finland 120, 117 och 110% av de nor-
mala. 1989 blev alltsa ett utpriglat vitar.

Drygt 6 TWh kraftbalansspill fore-
kom under dret, huvudsakligen i Norge.

Magasinsinnehallet var i stort sett
normalt i alle tre vattenkrafilinderna
sdvil i borjan som i slutet av dret.

Kirnkraften har fortsatt att fungera
mycket vil. Tillgdngligheten har varit
och fortsatter att vara mycket hog.
Effekthdjningar har genomforts under
1989 for blocken Forsmark 3 och
Oskarshamn 3.

Under aret har  kirnkraften
nedreglerats med drygt 9 TWh, huvud-
sakligen i Sverige.

Under éret har kolpriset stigit
langsamt medan oljepriset 6kat visent-
ligt vilket i huvudsak skett under arets
sista del.



Péd grund av den unika vattensitua-
tionen har under linga tider Norge
exporterat kraft i maximal omfattning
till Jylland och Sverige samt Sverige
exporterat i maximal omfattning till
Finland, Jylland och Sjilland.

Kratutbytena under dret blev
rekordstora med en totalomsittning
om 28,5 TWhvilket éirca8,3 TWh mera
dn tidigare rekord (1983).

Foljande nettoutbyten uppniddes
under 1989:

Norge — Jylland 3.8 TWh

Norge — Sverige 11,0 TWh

Sverige — Danmark 7.6 TWh

Sverige — Finland 3.9 TWh

Norge — Finland 02 TWh

En detaljerad effektbalansanalys for
vinterperioden 1989/90 har genomforts.
Effektreserven inom varje delsystem
(egen reserv och dverforbar via samkor-
ningsforbindelserna) bedéms som till-
fredsstillande for varje delsystem vid
prognoserad topplastsituation.

De av driftutskottet sammanstillda
effekt- och energibalanserna for de
narmaste tre aren 1990-1992 visar att
balanserna ér acceptabla.

Driftutskottets  arbetsgrupp  for
systemfragor, NOSY, har arbetat vidare
med drifttekniska analyser pd Nordelsy-
stemet. Gruppen har bl.a. arbetat med:
- att precisera och ajourhilla aktuella

overforingsgrinser pd samkérnings-
forbindelserna.

- attfolja upp arbetet med instéllning av
damptillsatser for forebyggande av
systempendlingar,

- att utarbeta synpunkter pi Nordels
nitdimensioneringsregler under
Planeringsutskottets  dversyn  av
desamma.

- att komplettera kraven pA momentan
storningsreserv vad giller krav pi
regleregenskaper.

- att sammanstilla regler for reglering
av spinning och reaktoreffekt samt
utvirdera hur risken for spinnings-
kollaps beaktas i dessa.

- att kartléigga alla befintliga nitvirns-
funktioner i Nordelsystemet samt
arbeta vidare med utvidgning av
nétvirnsbegreppet med icke frek-
vensstyrda nédtviarnsfunktioner.

Den omfattande samkérningen av
lindernas kraftsystem som sker for att
eflerstriiva den biista utnyttjningen av
de totala resurserna siikerhetsmissigt
och ekonomiskt kriver ett successivt
Okat datautbyte mellan lindernas drifi-
centraler. Driftutskottet har genomfort
en inventering av behovet att utbyta
data av olika slag, sivil realtidsdata som
planer och statistik samt beslutat om
vissa fordndringar vad giiller utbyte av

planer och statistik. Vattenfall har pa
uppdrag fran Driftutskottet foreslagit
princip for teknisk [6sning av realtidsda-
tautbyte mellan driftcentralerna och
Driftutskottet har tillstyrkt att arbetet
bedrivs vidare for att forverkliga dataut-
bytena i enlighet med forslaget.

Driftutskottet har behandlat en
rapport fran Norge «Okt leveringsevne
ved internordisk samkjoring». En
kontaktgrupp mellan Drift- och Plane-
ringsutskotten har behandlat rapporten
och i ett {Grslag, som remissbehandlats
av Driftutskottet, rekommenderat att
fortsatt arbete friimst skall inriktas pa
kartliggning av fordelarna i planerings-
skedet och bedrivas av Planeringsut-
skottet i erforderligt samarbete med
Driftutskottet. Nordel har godkiint
denna inriktning,

Driftutskottet analyserar och foljer
arbetet med EG-kommissionens for-
slag om utdkat elkraftsamarbete inom
EG. Okningen skulle ske genom att
infora transiteringsriitt for elprodu-
center. EG-kommissionen foreslar
dven en utredning om konsumenters
rétt att i fri konkurrens avtala om kop av
kraft (common carrier). Driftutskottet
har noterat att driftsamarbetet i Europa
gj fungerar si bra som inom Nordel och
att malsdttningen med EG-kommissio-
nens forslagdratt nd forbittringar, Drifi-
utskottet har beddmt att en tillimpning
av forslaget inom Nordel sannolikt ej
skulle leda till en bittre utnyttjning av
det samlade nordiska kraftsystemet.
Driftutskottet kommer dock att fGlja
aktiviteterna och utvirdera om négot
framkommer som kan utnyttjas for att
ytterligare forbittra Nordelsamarbetet.

Under april 1989 holl Driftutskottet
ett gemensamt sammantride med
UCPTE i Haag. Hirvid utviixlades
viardefull information betriffande
EG-frigorna, kraftsituationen, drifttek-
niska fragor samt drifterfarenheter.
Niista sddant sammantride ir planerat
till oktober 1990.

Planeringsutskottet

Nat- och produktionsstudier pi det
samkorande Nordelsystemet gors i niira
samarbete mellan utskottets Niit- och
Produktionsgrupper. Aktuella studier
avser stadium ca ar 2000 och syftar till att
ta fram forslag till Nordel-rekommen-
dation om Overforingskapaciteter pa
samkorningsforbindelserna i detta
stadium samt forslag om eventuellt
erforderliga forstirkningar av interna
nat och samkorningsforbindelser for att
klara dessa kapaciteter. Niitgruppen har
ocksi redovisat underlag till Miljé- och
Produktionsutskottets (tidigare Virme-
kraftutskottet) arbete med drifttekniska
specifikationer for smé kraftvirmeverk.
Vidare har Nitgruppen startat upp
arbete inom omradet miljéviinlig kraft-
overforing. Inom Produktionsgruppen
har gjorts studier som dels syftat till att
testa kraftsystemet, dels till att testa de
anvinda energi- och effektmodellerna.
Viss utveckling av berikningsmodel-
lerna har gjorts. Produktionsgruppen
skall ocksa dels studera storleken pi de
vinster i effekt och energi som man
skulle kunna fi genom den tkade leve-
ransformiga som samkdrningen kan
innebiira, dels studera inverkan pa den
nordiska energibalansen av skirpta
miljokrav vid kraftproduktion.

Omfattande arbete pd nitomridet
pégdr inom utskottets ad hoc-grupp for
aversyn av Nordels nétdimensionerings-
regler. Niira samarbete sker mellan ad
hoc-gruppen och Nitgruppen. En forsta
etapp i studierna, vilken innebar en
omfattande forstudiefas, har redovisats
och har varit utséind till NordelfSretag
m {1 for synpunkter. Viktiga synpunkter
som dirvid framforts dr att reglerna
skall vara enkla och att de skall vara
tydligt koncentrerade pd planerings-
forhallanden. Arbetet med en andra
etapp i Oversynen har pfbérjats och
planeras ta ca ett 4. Denna etapp skall
leda till konkreta forslag om eventuella
andringar av de nu gillande reglerna
och rekommendationsforslag for nya
regler. Ndr denna andra etapp #r slut-
ford skall den remissbehandlas, vilket
beriiknas ta ca tre mdnader. Slutlig redo-
visning av ad hoc-gruppens arbete till
Nordel kan ske tidigast i bérjan av 1991.

En ad hoc-grupp inom Planerings-
utskottet studerar forutsittningar och
hinder for en samordning inom Norden
av el- och naturgasfragor. Ett viktigt
motiv for Nordels engagemang niir det
giller naturgas ir att visentligt okad
anvandning inom Norden av naturgas
som kraftverksbriinsle kan fSrutses i
framtiden. En sidan utveckling torde



ocksd vara en forutsittning for att natur-
gasen skall bli en energirdvara av stor
betydelse i Norden. Detta forutsitter
dock prissattning och leveransvillkor
for gasen som gor att den kan konkur-
rera med alternativen. Det ir viktigt att
prissiattningen  frimjar och inte
motverkar en rationell samkdrning
inom Nordelomriadet. Som ett led i
striivan att fordjupa samarbetet mellan
el- och naturgasforetagen kommer ett
seminarium med deltagare fridn bade el-
och naturgassidorna att ordnas i april
1990. Seminariet avser att belysa intres-
santa fragestéllningar och att stimulera
till diskussion. En rapport som redogor
for ad hoc-gruppens arbete planeras bli
redovisad till Nordels darsméte 1990.
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Planeringsutskottet stker att hilla
sig vil informerat om utvecklingen
betriffande energifragor inom Euro-
peiska Gemenskapen (EG). Séarskilt
giller detta fragor som kan fa betydelse
forelsamarbetetinom Nordel. Ett semi-
narium om common carriage-fragor
holls i oktober. Vid detia deltog uttver
utskottsledamoterna ocksd ett antal
ytterligare personer verksamma med
planering och drift vid nordiska kraftfo-
retag. Ett par konsulter som anlitats av
EG-kommissionen hade engagerats
som foredragshillare vid seminariet.
Utskottet har piAborjat en del arbete som
forhoppningsvis skall kunna ldggas till
grund for forslag om Nordels policy i
common carriage-frigor. Vidare sker

==

Oppiaging av frese-torv med en sugevogn pd en
torvmyr ved Haapavesi kraftverk.

Taking out peat by suction wagon of a peat-bog near
Haapavesi power station.

vid varje méte med Planeringsutskottet
rapportering om aktuellt betriffande
energifragor inom EG.

I Planeringsutskottets arbetsupp-
gifter ingdr bl a att kartldgga de majliga
fordelar som kan uppnas genom elsam-
arbete mellan de nordiska linderna och
attmot dennabakgrund foresla atgiarder
sd att samarbetsfordelerna ocksd kan
realiseras i praktiken. 1 verkligheten
finns en rad begransningar jadmfort med



en ideal situation vid planering av kraftsy-
stem. En ideal situation skulle vara att
man vid elsystemplanering kunde se
Norden som en enhet utan nations-
granser. Detta dr dock nigot som i prak-
tiken inte kan uppnds beroende pi
begrinsningar, sévil rationella somirra-
tionella. Stridvan i planeringen mdste
vara att avskaffa eller i varje fall sa lingt
som mdojligt minska pdverkan av
begransningar pa planering, utbyggnad
och drift av det samk&rande Nordelsy-
stemet. Arbele pagdr med att kartliigga
de begriinsningar som finns i verklig-
heten jimfort med den ideala situa-
tionen samt att mot denna bakgrund
formulera en realistisk planeringsfilo-
sofi. En rapport i frigan planeras redo-
visad till Nordels drsmote 1990.

En ganska fyllig rapport om vind-
kraftkostnader redovisades till Nordels
arsmote 1986. Planeringsutskottet fick
da i uppdrag att drligen ta fram & jour-
forda sammanstillningar om vindkraft-
kostnader. Mot bakgrund av att det
under senare 4r varit en ganska omfat-
tande verksamhet inom vindkrafi-
omradet har utskottet beslutat att till
Nordels arsméte 1990 ater ta fram en
mera omfattande vindkraftrapport.

De sex centralamerikanska linderna
Guatemala, El Salvador, Honduras,
Nicaragua, Costa Rica och Panama
forbereder elsamarbete av Nordelmo-
dell. En samarbetsorgnisation, CEAC
(Consejo de Electrification de America
Central) har bildats. Organisationen har
en stark koppling till lindernas parla-
ment, men har i dvrigt flera likheter
med Nordel. P4 inbjudan frin nordiskt
minsteriehdll gjorde under ett par
veckor forsommaren 1989 en CEAC-
delegation besok i de nordiska ldnderna.
Milsittningen var att informera sig om
Nordelsamarbetet och om madjlighe-
terna att dra lirdom av Nordels organi-
sation och arbetsformer i den fortsatta
uppbyggnaden av CEAC. Programmet
for CEAC-bestket omfattade saviil
seminarier som studiebesok. Studie-
besdk skedde i alla de fem nordiska
linderna. Det var de nordiska bistands-
organisationerna med NORAD i Norge
som samordnare som svarade for finan-
siering och for de praktiska arrange-
mangen. Nordel hade det fackliga
ansvaret for seminarier och studie-
besok. Planeringsutskottets ordforande
och sekreterare ingick tillsammans med
Nordels sekreterare i arrangdrskom-
mittén och deltog i genomférandet av
besoket.

Varmekraftudvalget/Miljo-
og Produktionsudvalget

Ud fra et onske om at opprioritere
miljearbejdet inden for Nordel har en
ad hoc arbejdsgruppe gennemfort en
vurdering af aktuelle arbejdsopgaver for
Nordel inden for miljearbejdet og anbe-
falet, hvorledes dette bedst organiseres.

Anbefalingen var, at Nordel skulle
oplese varmekraftudvalget og danne et
nyt milje- og produktionsudvalg, samt
at de andre wudvalg ogsi tager
miljespergsmil pd deres arbejdspro-
gram.

Baggrunden for denne anbefaling
var, at hovedparten af miljesporgsma-
lene er knyttet til produktion, forst og
fremmest varmekraftproduktion. En
opprioritering af miljearbejdet inden
for Nordel kan derfor ske pa en naturlig
mdde gennem endringen al varme-
kraftudvalget. Herved fastholdes den
nere kontakt mellem milje, teknik og
okonomi, som arbejdsgruppen ansi
som meget vigtig. Videre opnids en
rationel ressourceanvendelse, idet man
bygger pa Nordels eksisterende struktur
uden at fi flere udvalg.

I konsekvens af indstillingen
nedlagde Nordel pd drsmedet i august
89 varmekraftudvalget og tog initiativ til
at oprette et milje- og produktionsud-
valg, og dette er efterfplgende sket.

Varmekraftudvalget eksisterede
siledes kun i det forste halve dr af1989. 1
denne periode fortsatte udvalget sin
virksomhed med at udveksle erfaringer
og synspunkter inden for varmekraft-
omridet i Norden.

Denne virksomhed fortsatter i det
nye miljo- og produktionsudvalg, som
arbejder med folgende:

- analysere kraftproduktionen i Nordel-
sammenhang (effektivitet, ridighed,
okonomi)

- analysere miljoproblemer i forbind-
else med kraftproduktion

- forbedre produktiviteten ved erfar-
ingsudveksling

- analysere nye teknologier til kraftpro-
duktion

- tage initiativ til Nordel-standpunkt-
notater.

Til konkrete arbejdsopgaver har
udvalget nedsat felgende tre arbejds-
grupper:

1. Drift- og vedligeholdelsesgruppen
med kraftveerkernes drift- og vedlige-
holdsspergsmal som arbejdsomride.

2. Miljegruppen med det eksterne miljo
som arbejdsomride.

3. Teknologigruppen med dagens og
morgendagens  teknologi  som
arbejdsomrade.
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Drift- og vedligeholdelsesgruppen
har, dels under varmekraftudvalget,
dels under milje- og produktionsud-
valget, atholdt tre meder i 1989.

Sammen med miljogruppen har
drift- og vedligeholdelsesgruppen udar-
bejdet artiklen om «Miljoaspekter ved
kol- och olje-eldade kraftverk» til
Nordels drsberetning 1988.

Drift- og vedligeholdelsesgruppen
har ogsa arrangeret et seminar 1 Jyviis-
kyli i Finland for vedligeholdelses-
chefer for kraftveerkerne inden for
Nordel. Der deltog ca. 60 personer, som
pd seminaret bl.a. beskaftigede sig med
restlevetidsundersegelse, kedelrepara-
tioner, reservedelsfilosofi m.m.

Miljogruppen har ligeledes, dels
under varmekraftudvalget, dels under
milje- og produktionsudvalget, afholdt
tre moder i 1989.

Gruppen arrangerede et seminar i
november i Stockholm med titlen:
Hvor miljevenlig skal fremtidens ener-
giproduktion veere?

Seminaret henvendte sig bade til
embedsmand fra energi- og miljefor-
valtninger og til medarbejdere fra elsel-
skaber i de nordiske lande. Seminaret
samlede ca. 110 deltagere, som szrdeles
livligt debatterede seminarets emne,
uden dog at komme frem til et endeligt
svar pa seminarets hovedsporgsmal.

I lighed med tidligere ar har en
arbejdsgruppe, nedsat af varmekraftud-
valget, udarbejdet en rapport over radig-
hedsdata i 1988 for varmekraftenheder i
Danmark, Finland og Sverige.
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Energipolitik

Danmarks athangighed af impor-
teret energi blev yderligere
mindsket i1989 ved oget produk-
tion af olie og gas i den danske del af
Nordseen.

Andelen af dansk energi i det
samlede bruttoenergiforbrug steg
herved til 48% mod 40% dret for
Forbrug og eksport af dansk olie blev
henholdsvis 3,3 og 2,2 mio. tons. De til-
svarende tal for dansk naturgas var 2,3
og 0,6 mia. m®.

Trods yderligere efterforskningsak-
tiviteter i den danske undergrund er det
fortsat kun Dansk Undergrunds
Consortium, der producerer olie og
naturgas.

Elvaerkernes pligtkeb af naturgas
under aftalen med Dansk Naturgas A/S
var i 1989 0,13 mia. m®

Undersegelserne om mulig anven-
delse af naturgas til den fremtidige
kraftverksudbygning aktualiseredes i
februar af energiministerens opfordring
til at udarbejde alternative udbygnings-
planer baseret pid gas. Her skulle
forudsaettes pris- og leveringsforhold
som stiller el- og varmeproduktion med
gas ekonomisk lige med el og varme fra
nye kulfyrede varker.

NORDEL 19889

Amagervaerkets nye blokk 3 pa 250 MW er det forste
i Danmark bygget med avsvoviingsanlegg.

A new 200 MW unit at the Amagerveerket power
plant is the first plant in Denmark fitted with tech-
nology for desulphuration.

Samtidig indstillede energimyndig-
hederne behandlingen af ansegning om
tilladelse til bygning af et stort kulfyret
veerk i Jylland.

Sidanne nye udbygningsplaner
teenkes primert baseret pa gasfyrede
kombianlaegikraftvarmevarker, iet vist
omfang udbygget som IGCC-anlag
(integrende kulforgasnings- og kombi-
anleeg). De naturgasfyrede kombianleg
har milje og energiokonomiske fordele
fremfor moderne, traditionelle, kulfy-
rede vaerker - forst og fremmest hajere
el-virkningsgrad og lavere CO2-udsen-
delse. Fordelene ved IGCC-anleaeg er, at
velkendt alternativ til naturgas, samt at
danske elverker kan vaere med til at
pavirke udviklingen af fremtidige
IGCC-anlag, med udsigt til at der ogsa
her kan opnds milje og energiekono-
miske fordele i forhold til traditionelle
anlaeg.

Der blev i 1989 forhandlet mellem
Dangas A/S, ELKRAFT og ELSAM
om opnadelse af kommercielt acceptable
pris- og leveringsvilkiar. Forhandlin-
gerne drejer sig om et samlet kob til de
danske elvaerker pd op til 1 mia. m® gas
pr. ar - eller 10-15% af verkernes
brandselsforbrug - og de ventes fort til
ende i lebet af 1990.
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Der vil herefter kunne tilvejebringes
endelig afklaring af, hvad udbygnings-
planerne for nye kraftvaerker11990’erne
skal indeholde.

Elforbrug

Det samlede elforbrug i Danmark
blev i 1989 30,9 TWh, en stigning pa
1,7% fra 1988.

Det var atter industri og handel- og
servicesektorerne, som ogede elfor-
bruget. Stigningerne var omkring
henholdsvis 5% og 2%. Forbruget i
private boliger og landbruget faldt ca.
20, bl.a. under indflydelse af vaesentlig
mildere klima med 16% faerre graddage
end i 1988.

I 1989 fordelte elforbruget sig med
31% pd private boliger, 31% pa handel og
service, 30% pd industri og 8% p4 land-
brug.

Prognoserne for de kommende érs
elforbrug baseres uforandret pid mode-
rate stigningstakter omkring 2.5% p.a.,
motiveret bla. med de forventede
virkninger af fortsatte elsparekampa-
gner.



Elproduktion

Den installerede effekt pa danske
elveerker var ved udgangen af
1989 8.794 MW netto, en stigning pa
godt 4% fra dret for, efter korrektion til
ensartede forudsatninger.

Effekten fordeler sig med 93,6% pa
dampkraftanlzg, 3,4% pi gasturbine-
og dieselanleg, 2,9% pa vindkraft og
0,1% pa vandkraft. Opgerelsen omfatter
PreussenElektra’s 300 MW-andel i
Enstedveerket, samt ca. 355 MW priva-
tejde produktionsanleg, heraf alene ca.
205 MW vindkrafi.

En vaesentlig del af effekten findes
pd kraftvarmevaerker, hvor ydeevnen
reduceres, nar der leveres flernvarme.
Under topbelastning udger denne
reduktion omkring 500 MW. Tilsva-
rende er vindmollernes ydeevne ikke til
ridighed altid, idet den ejeblikkelige
vindmelleydelse er afhangig af vindfor-
holdene. Som et gennemsnit regnes der
med, at kun 25% af vindmollernes
ydeevne er til ridighed.

Produktionen pd danske verker
deeckkede 693% af forbruget. Den
rekordstore nettoimport, der blev
muliggjort af den ekstremt gode vand-
kraftsituation i Norge og Sverige,
deekkede resten. De 69,3% fordelte sig
pa65,8% fradampkraft pa centrale krafi-
veerker, 1,.9% fra decentrale kraftvar-
meverker og 1,6% fra vindkrafi.

I samproduktion med elektricitet
leverede kraftveerkerne ca. 50.000 TJ
fiernvarme. Det milde vejr gav siledes
etfald pa ca. 5% pé trods af, at forbruger-
kredsen steg, bl.a. som felge af tilslut-
ning af nye flernvarmeomrader,

Kraftveerkerne forbrugte i 1989
brandsel svarende til 8,7 mio. tons kul
med en kulandel pé 93%.

I 1989 idrifisattes pA Amagervaerket
en ny 250 MW krafivarmeblok med
maksimal varmeydelse 330 MJ/sek.
Desuden idrifisattes i alt 20 MW pa tre
nye decentrale kraftvarmevarker samt
ca. 58 MW vindkraft i elvaerks- og privat-
ejde moller.

Idriftsaettelsen i 1989 af to store
afsvovlingsanleg for kraftvaerksrog
betyder mindsket miljepavirknig fra
dansk elproduktion. De to anleg er
bygget ved henholdsvis Studstrupvar-
ket’s blok 3 pa 350 MW i Jylland, og ved
Amagerveerkets blok 3 pi 250 MW i
Kebenhavn. Allerede i 1990 idriftsattes
to tilsvarende anleeg ved henholdsvis
Studstrupveaerket’s blok 4 og Avede-
revaerket.

Byggeriet af nye store kraftvarme-
blokke pa Avedorevarket, Fynsvarket
og Vestkraft fortsatte med henblik pi
kommerciel drift fra 1991, 1991 og 1992.

Ydeevnerne pi el- og varmesiden er
henholdsvis 250, 385, 380 MW og 330,
500, 450 MJ/sek.

Udbygningen med vindmeller
under elvaerkernes 100 MW-aftale med
regeringen forleber fortsat langsom-
mere end planlagl. Arbejdet bliver
generelt haammet en del af manglende
lokal accept og problemer med at opn4
de nodvendige tilladelser fra myndig-
hederne. Is@er forholdet til region-
planlzegningen, miljogodkendelser og
administrationen af godkendte planers
retningslinier har vist sig problematisk.

Under de givne vilkar ventes 48 MW
idriftsat i 1990, hvilket betyder at afta-
lens sidste 10 MW mi vente til 1991.

I den private sektor er aktiviteten pa
vindkraftomridet fortsat stor, trods en
vis stramning af tilskuddene. Der blev i
1989 idriftsat ca. 43 MW i spredt place-
rede, mindre vindmeller.

Udbygningen med decentrale kraft-
varmeverker under den politiske aftale
om fremtidig eludbygning forleb
planmeesigt i 1989. Aftalen forudsatter,
at disse vaerker - i alt 450 MW - skal
fyres med dansk brandsel, hvor
naturgas nu ser ud til at blive det fore-
trukne i storsteparten af veerkerne, Ved
arets udgang var der i alt 40 MW i drift i
fem anleeg og yderligere 30 MW i seks
anleg ventes idriftsat i 1990.

Elpriserne

Efter stigningen pé ca. 8 ere/kWh i
gennemsnit i januar 1989 var priserne
stort set uendrede gennem resten af
aret. Fra 1. januar 1990 steg elpriserne
atter lidt. Stigningen var omkring 1 ore,
lidt athaengig af forbrugets storrelse.

Enforbruger med et arligt forbrug pa
3.000 kWh betaler herefter 58 ere/kWh
uden afgifter i gennemsnit for landet.
Med afgifter er prisen 111 ere/kWh, og
afgifterne udger siledes 48% af prisen.
For en forbruger med et arsforbrug p4
20.000 kWh er prisen uden afgifter i
gennemsnit 45 ere/kWh og 91 ere/kWh
med afgifter. En industri med et arsfor-
brug pa 2,5 GWh betaler i gennemsnit
43 ore/kWh.

Projektassistance

Elvarkernes rolle i ejerforhold og
samarbejde omkring Danish Power
Consult A-S (DPC) og Danish Power
Utilities (DUP) @ndredes i 1989. T juli
1989 overtog ELKRAFT-Consult og
ELSAMPROJEKT den 20% aktiepost,
som indtil da ejedesafen gruppe danske
radgivende ingeniorfirmaer. De to
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selskaber gjer herefier hver halvdelen af’
DPC.

Samtidig blev der mellem DPC og
gruppen af ridgivende ingeniarfirmaer
indgdet en samarbejdsaftale, der regu-
lerer parternes deltagelse i fremtidige
projekter pa det internationale marked.
Endvidere blev DPU oplest med
udgangen af 1989.

Forskning og udvikling

Ogsa i 1989 brugte elverkerne
mange krefter pa forskning og udvik-
ling inden for miljeforbedring, ny ener-
giteknologi, bedre energiudnyttelse og
vedvarende energi. Dette gores for at
kunne opfylde fremtidens krav til
indretning og funktion af energianleg
og som stette til teknisk udvikling hos
leveranderer til branchen.

Elvaerkernes indsats belob sig 1 1989
til ca. 100 mio kr,

Restprodukter

Rogrensning pd danske kraftvaerker
er i hastig udvikling. Flere principielt
forskellige  typer  rensningsanleg
benyttes, og der lagges vagt p4 at sikre
gode muligheder for nyttiggerelse al
restprodukterne.

Danske elvaerker samarbejder om
stadig flere undersogelser af sidanne
restprodukters markedspotentiale og
miljeegenskaber.

Det mest aktuelle emne i den
seneste tid har veeret afsvovlingspro-
dukter.

Produkterne fra de to idrifisatte
afsvovlingsanleeg er henholdsvis af-
svovlingsgips og terprodukt. Afsvov-
lingsgipsen har et naturligt marked i
Danmark pd ca. 300.000 tons/ar. Det
ventes at kun en lille del af gipsen ikke
kan nyttiggeres og i stedet mi depo-
neres. Terprodukiet har endnu ikke et
naturligt marked trods omfattende
undersegelser siden 1987 som dog nu
tyder p4, at de tekniske mulighederer il
stede for nyttiggerelse pa flere omrader,
bl.a. bygge- og anlegsarbejder, jordfor-
bedring og produktion af kunstgedning.

Det dansk-udviklede SNOX-anlag,
hvoraf et er under bygning, producerer
svovlsyre af teknisk handelskvalitet,
som kan ventes afsat til gadningsindu-
strien.

En anden nyudviklet dansk afsvov-
lingsproces producerer ammonium-
sulfat der kan anvendes til kunst-
godning. Markedspotentialet er under-
sogt med godt resultat.
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Finland
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NORDEL 1989

Ekonomisk utveckling
otalproduktionen i  Finland
fortsatte att Gka snabbt dnnu ar
1989. Industriproduktionen dkade

nistan 4%, men skillnaderna i tillvaxt

inom olika branscher var dock stora och
mot slutet av dret kunde man skdnja en
avmattning av tillvixten.

Bruttonationalprodukten Okade
med ca 5%. Den inhemska efterfrigan
bidrog starkt till 6kningen av bruttona-
tionalprodukten.  Bruttonationalpro-
dukten 1 marknadspris var ca 23 000
USD/invanare. Marknadsrintorna steg
i slutet av ar 1989 till rekordhdg niva.
Importen okade forisittningsvis snab-
bare in exporten. Finlands handels-
balans stannade pa minus ar 1989 och
bytesbalansens underskott dkade till 21
miljarder FIM, dvs. till 4% av brutto-
nationalprodukten.

Inflationen dkade frin 5,1% ar 1988
till ca 6,6% ar 1989. Didremot minskade
arbetslosheten till ca 3,5% av arbets-
kraften, dvs. ca | procentenhet frin aret
fore. Samtidigt hade manga branscher
brist pa arbetskraft. Totalinvesterin-
garna Okade ar 1989 med dryga 10% till
over 134 miljarder FIM, eller till 27% av
bruttonationalprodukten.

Energiforbrukningen dkade ar 1989
med ca 1% till 30 Mtoe. Industrins ener-
gifdrbrukning dkade snabbare dn den
totala energiforbrukningen. Energifor-
brukningen inom trafiken ékade ocksd
kraftigt. Tack vare den milda vintern
behdvdes det inte si mycket energi for
uppviarmning.

Energipolitik

Andringen av ellagen tridde i kraft
den 1 april 1989. Andringen innebar ett
nytt smidigare system for planering och
tillstindsbehandling. Ramplaneringen
upphorde och Elforsoérjningsdelega-
tionen upphorde med sin verksamhet.
Pi grund av detta har Elproducenternas
Samarbetsdelegation en allt storre bety-
delse som koordinator for nationell
energiplanering. Nu &r regionplane-
ringen den enda i lag definierade plane-
ringsformen. Statsradets byggnads-
tillstind behovs nu endast for
byggandet av sddana kraftverk vars
effekt dr minst 250 MW. For byggandet
av kirnkraft och vattenkraft finns egen
lagstiftning.

Den av statsriadet i borjan av ar 1987
tillsatta energikommitién bestiende av
experter frdn olika branscher i
samhillet avgay sitt betdnkande till
statsridet den 30 mars 1989. 1 betin-
kandet har man granskat energianvind-

ningens sambhilleliga betydelse samt
undersokt vilka teknologiska, ekono-
miska och miljomissiga verkningar
energiproduktion och - anviindning
har. Enligt betinkandet strivar man till
att bevara mangsidigheten i energifor-
sorjningen och man vill inte forkasta
nagon anvindbar energikiilla. Samtidigt
fiste man stor uppmérksamhet vid de
vidstriickta verkningar som fossila
brinslen har pa miljon.

Kommissionen for miljo och
utveckling i Finland (den s.k. Finlands
Brundtlandkommission) avgav  sitt
betiinkande om att beakta Brundtland-
kommissionens program i Finland.
Inom energieckonomin borde man
friimja en stadig utveckling genom att
effektivera energianvindningen och
gynna energisparandet. Det dr mojligt
att minska miljoskadorna vid energipro-
duktion ocksa genom val av energiform
och genom miljoskyddsteknik vid
produktion. I betinkandet stiller man
som mal att fi totalférbrukningen av
primirenergi att stanna pa 1989 ars nivi
fore &r 2000 och att minska forbruk-
ningen med 10% fore ar 2010.

Energikvivearbetsgrupp II avgav i
mars 1989 sitt forslag till begriinsning av
utslipp av kviaveoxider for redan befint-
liga elproduktionsanliggningar. Aret
fore framlade arbetsgruppen riktvirden
for nya anlidggningar. Genom att
tillimpa dessa riktvirden kommer
utslippen av kvidveoxider ar 1995 att
vara hogst lika stora som dr 1987. Kost-
naderna for detta dr 700-1300 miljoner
FIM. Utsldppen minskas frimst genom
forbrinningstekniska metoder.

1 statsbudgeten for ar 1990 uppbirs
som mest betydande miljopolitisk
skadeskatt &r 1990 en ettdrig tilliggsskatt
pi briinsleskatten for fossila brinslen.
Skatten hdnfor sig huvudsakligen till
trafikbrinslen. For energiproduktio-
nens del grundar sig skatten bl.a. pa det
fossila brinslets kolinnehall. Brinsle-
skattens nya tilliiggsbelopp ar for latt
brinnolja 2,0 p/1 (2,00 FIM/MWh), for
tung brannolja 2,0 p/kg (L77
FIM/MWh), for stenkol 16 FIM/t (2,26
FIM/MWh) och for fristorv 2
FIM/MWh samt dessutom for naturgas
1,0 p/m’ (1,04 FIM/MWh). Briinsleskat-
tens miljopolitiska tilliggsskatt berdk-
nas ge en avkastning pa 950 miljoner
FIM 4r 1990, varav storsta delen
kommer fréin transportsektoren.

Forattuppskatta energianvindning-
ens effektivitet startade handels- och
industriministeriet ett vidstrickt s.k.
energisparprojekt. Utredningen blir
firdig pa varen 1991 och den kommer att
anviindas vid beredning av energistrate-



Tainionkoski vannkraftverk § Vuoksen i syd-vstre
Finland er utvidet med en fierde maskin, effekt 18
MW. Total installasjon er na 60 MW,

gier. I projektet analyseras den kunskap
man redan fatt i Finland och &vriga
linder av effektivare energianvindning.
Dessutom utreds hur man kan begriinsa
energianvindningens  ogynnsamma
verkningar genom att effektivera och
minska energianvindningen.

Elforbrukning

Elforbrukningen okade &r 1989
langsammare én dret fore. Totalférbru-
kningen exklusive elpannor, var 4r 1989
ca 59,5 TWheller 1 TWh och 1,7% mer
n ar 1988. Den milda vintern gjorde att
elforbrukningen ékade ungefir 1 TWh
mindre dn under normala vintrar. Efter
omrékning till normaltemperatur
Okade totalforbrukningen med 3,5%.

Industrins elférbrukning tkade ar
1989 med 2,7% till ca 323 TWh.

In the Tainionkoski hydro power station at
Viwoksen the south-eastern part of Finland there is
installed a fourth aggregar with a capacitv of 18
MW, The rotal installation is now 60 MW,
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Hogkonjunkturen fortsatte 4nnu inom
industrin och detta inverkade p4
produktionsmingden och elbehovet. |
slutet av dret borjade dock en avmatt-
ning av produktionsékningen gora sig
giillande, speciellt inom skogsindustrin.
Den ovriga sektorns elforbrukning
uppgick till ca 272 TWh, vilket ir
ungefir detsamma som dret fore. |
elpannor anviindes ca 0,1 TWh. El for
uppvirmning anvdndes mindre in ar
1988 beroende pd den milda vintern.
Eluppvirmningen okade &nnu raskt
och antalet eluppvirmnda bostider
Okade med ca 37 000 till ca 448 000.

Elektricitetens andel av energins
slutforbrukning var ar 1989 ca 24%.
Andelen dr ungefir densamma som
aret fore. Elférbrukningen nadde sin
topp i december 1989, di toppeffekten
var ca 10 770 MW.
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Elbehovsprognoserna justerades pa
hosten 1989. Enligt den av Elproducen-
ternas Samarbetsdelegation justerade
prognosen kommer elanvindningen att
Oka ar19951il1 72,5 TWh och kommer 4r
2000 att vara 79,7 TWh eller 2.7 TWh
mera in den tidigare prognosen gjorde
gillande. Enligt justeringen kommer
elanvindningen inom civilsektorn och
skogsindustrin att oka snabbare fin man
tidigare beriknat.

Eltillforsel

Elproduktionen var ar 1989 ca 50.8
TWh eller 0,5 TWh ldgre in ir 1988.
Elimporten pi 9,3 TWh iir nytt rekord.
Elimporterades fran Sovjetunionen 4,8
TWh, fran Sverige 4,3 TWh och frin
Norge 0,2 TWh. Importen utgjorde
15,6% av hela eltillférseln.



Med vattenkraft producerades 12,8
TWh, vilket var ca 8% mer én ett nor-
malt vattendr. Mottrycksproduktionen
var 14,7 TWh, en tillviixt pd 5% jaimfort
med aret fore. Med konventionell kon-
denskraft, frimst kolkondens, produce-
rades 4,6 TWh, med processkondens 0.4
TWh och med gasturbinerm.m. 0,3 TWh.

Kirnkraftsproduktionen utgjorde 18
TWh, vilket var 2% mindre an aret fore.
Orsaken till produktionsminskningen
var stoppet pa 44 dygn i Olkiluoto T i
september-oktober. Stoppet berodde
pa fina metallspin som hittades i reakt-
orns styrstavsmaskineri. De 0Gvriga
kidrnkraftsenheterna noterade fortsitt-
ningsvis hoga tillginglighetsvirden:

Lovisa I 92.4%
Lovisall  91.8%
Olkiluoto 1 81,5%
Olkiluoto 11 93.9%
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Under dr 1989 togs Haapavesi
torvkondenskrafiverk (154 MW) och
Kristinestads oljekondenskraftverk
(250 MW) i drift. Ca 285 MW kraft-
virme férdigstilldes, industrins pro-
cesskraft 50 MW och wvattenkraft 20
MW. Nettookningen var totalt 770 MW.

Imatran Voima Oy och Industrins
Kraft Ab undertecknade ett avtal om
byggandet av Meri-Pori 550 MW:s
kolkondenskraftverk i Bjorneborg.
Kraftverket skall sté fiirdigt i slutet av ar
1993.

I bérjan av ar 1990 ir ca 1200 MW
kraftverkskapacitet under byggnad eller
beslut har fattats om byggande. Av
denna kapacitet fardigstills 360 MW
under ar 1990. Kraftvirmeverken i
Helsingfors (160 MW) och i Seinijoki
(120 MW) iir de storsta.

Stamnatet

Under ar 1989 togs 200 km 110 kV:s
ledningar i drift. 400 kV nitet utvid-
gades med 134 km. Likstromsforbin-
delsen Fenno-Skan (effekt 500 MW,
spanning 400 kV) mellan Sverige och
Finland togs i drift.

Teollisuuden Voimansiirto Oy
(Industrins Kraftoverforing Ab) (TVS)
fortsatte att planera strickningen av en
400 kV ledning frin den sovjetiska
grinsen ldngs syd- och vistkusten
norrut. Forst byggs en 400 kV ledning
fran Borg till Bjorneborg med idrifttag-
ning i medlet av 1990-talet.

Elpriset

Realpriset pa engrosel 1ag néstan pa
samma niva som 4r 1988. Prishdjningen
pa kol kompenserades av prissink-
ningen pa uran. De nya s.k. skadeskat-
terna och hdjningen av omsitinings-
skatten kommer att iterverka paelpriset
ar 1990.

Detaljpriset pi el var nistan stabilt
under 1989. Reellt sjonk priset ca 2%.
Det genomsnittliga skattebelagda
konsumentpriset for hushallsel var 1.1.
1990 i viningshus 44,3 p/kWh och i
smahus 38,5 p/kWh samt i hus med
direkt eluppviarmning 29,1 p/kWh och i
hus med ackumulerande elviirme 23,9
p/kWh. Det skattefria konsumentpriset
pastorindustrins elkraft var 13,6 p/kWh,
okning 0,5 p/kWh.

Ovrigt

I en enhet i Ingd kolkondenskraft-
verk installerades nya forbrannare som
mojliggdr forbranning i tva faser. Test-
ningen av dessa forbrannare borjade pa

hosten. Genom detta projekt under-
soker man begriinsningen av kviveoxid-
utsldpp med hjilp av forbrinningstek-
niska metoder samt hur dessa metoder
kan anvindas i samband med avsvav-
lingssystemet LIFAC.

Imatran Voima och Wirtsild Diesel
slutforde sitt arbete att utveckla ett
MODIGEN gas/diesel-kraftverk. Det
forsta 7/7 MW pilotkraftverket byggs i
Triskidnda. Kraftverket tas i drift pa
varen 1990. Vid byggandet tillimpas
modulteknik och andelen fabrikstillverk-
ning blir maximal.

Undersokningen av sol- och vind-
krafti Kopparnis, Ingd, kominiuppfolj-
ningsskedet. I Tavastehus intill kraft-
verket i Vana bygger IVO en forbrin-
ningscellanldggning (200 kW).



ﬂgonomisk udvikling

ret 1989 var i Island praget af en
fortsaettelse og en fordybning af
den okonomiske recession som
begyndte i 1988 efier opgangsiret 1987, I
1989 gik BNP tilbage med 2.,5%
sammenlignet med en tilbagegang pi
1,2% i 1988. Realvardien af fiskeripro-
dukter, landets vigtigste produktkate-
gori, gik ogsd tilbage; med 4,0% (tilbage-
gang pa 2,3% i 1988); veerdien af ovrige
industriprodukter gik tilbage med 3,5%
(tilbagegang pa 1,5% i 1988). Investe-
ringer mindskede med 8% i forhold til
1988 da de faldt med 2,0% i forhold til
1987. Arbejdslesheden 14 i gennemsnit
pa 1,7% af arbejdsstyrken (0,6% i 1988).
Inflationen var stadig et problem. Den
var i gennemsnit pa 21,1% i 1989 og
konsumentprisindeksen steg med
25,2% frad. 31. dec. 1988 til samme dato
1989,

Energipolitik og udvidelse af
den kraftkraevende industri
Den siddende koalitionsregering i
Island blev i september mained
omstruktureret ved at et nyt parti, Det
borgerlige parti, tilsluttede sig rege-

Lagarfoss vannkraftverk, Ost-Island.

ringskoalitionen som derved styrkede
sin position i Altinget. Regeringens
industri- og energipolitik forblev
uforandret ved denne omstrukturering.

Det vigtigste punkt i denne politik er
bestrabelser til yderligere udbygning af
den kraftkreevende industri i landet for
derigennem at diversificere landets
okonomi som i overvejende grad er og
har lenge vaeret baseret pé fiskeri og
fiskeriprodukter.

Den sikaldte Atlantal-gruppe be-
staende af fire europaeiske aluminiums-
producenter, nemlig Alumined Beheer
N.V., Holland, Austria Metal AG,
@strig, Gringes Aluminium AB,
Sverige og Alusuisse S.A., Svejts, som i
1988 i fellesskab havde indledt en feasi-
bilitystudie af et aluminiumsmeltevaerk
pd 185.000 tons arskapacitet i Straums-
vik, ca. 15 km syd for Reykjavik, indgav
sin indstilling til den islandske regering i
april maned. Studien var udfert for
gruppen af det amerikanske firma
Bechtel Corporation.

Varket syntes at vaere rentabelt men
investeringerne forekom noget hojere
end ventet.

Efter en del overvejelser sig imellem
og med regeringens reprasentanter
besluttede gruppen at studere til
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Lagarfoss hvdro-electric plant, Eastern Iceland.

sammenligning en eventuel udvidelse
af det befindtlige veerk i Straumsvik,
som ejes af een af parterne i gruppen,
Alusuisse, med en kapacitet pa 120 000
tons per ar, fra det nuvaerende kapacitet
pa 88 000 tons per r. Udvidelsen skulle
gjes af parterne i faellesskab. Denne
studie, som blev udfort af det svenske
firma SIAB, afsluttedes til efteriret og
viste en akceptabel rentabilitet af udvi-
delsen og lignende investeringer perton
arskapacitet som for et nyt smelteveerk.

I 1989 trak det estrigste selskab og
Alusuisse sig ud af gruppen af forskel-
lige drsager. Det svenske og det
hollandske selskab (som nu havde
skiftet navn til Hoogovens Aluminium)
- besluttede imidlertid at fortsatte med
prosjektet og sege en ny partner til
gruppen med det formél at studere
n&rmere alternativet med et nyt smel-
tevaerk med kapacitet pa
185 000-200 000 tons per ar. 1 skrivende
stund (januar 1990) pigar denne sogen
efter det tredje medlem ihardigt. Man
venter resultat i labet af forste kvartaler
af 1990,

Samtidig fandt i 1989 dreftelser sted
mellem islandske reprasentanter og
Atlantalgruppen om kraftpriser, legale
og skattemaessige aspekter m.v. af nye



smelteveerk. Sagens nuvarende status
(januar 1990) er den, at sdsnart man har
fundet den tredje partner mener man at
det vil vaere muligt indenfor en relativt
kort tid at foreligge de islandske
myndigheder et udkast til en overens-
komst om vearket.

Omend disse studier og diskus-
sioner har taget l&engere tid end ventet
sa er man saledes optimistisk om at man
vil na frem til et positivt resultat inden
lenge. Den islandske industri- og ener-
giminister, som meget stzerkt har invol-
veret sig i denne sag, har gang pd gang
udtrykt sin overbevisning herom. Han
har endvidere stillet for gjnene en yder-
ligere udbygning af den islandske
aluminiums- og kraftforsyningsindustri
gennem bygning af endnu et smel-
teveerk i landet inden eller omkring
arhundresskiftet, formodentlig i Nord-
eller @st-Island. Han har haft oriente-
rende diskussioner om et sidant smel-
teveerk med selskaber udenfor Atlantal-

gruppen.

Elkonsumptionen

Elkonsumptionen i Island i 1989
udgjorde 4475 GWh brutto, d.v.s. inklu-
sive transmissions- og distributionstab
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samt elveerkernes eget forbrug. Tilsvar-
ende tal for 1988 var 4416 GWh. Det
modsvarer en vaekst pa 1,3%.

I 1989 gik 51,6% af totalforbruget til
kraftkraevende industri mod 51,7% éret
for. Dens forbrug voksede med 1,0%.
Det almindelige forbrug voksede med
1,7% uden temperaturkorrektion; med
denne var veaksten 19%. Forbruget
bestod af 3816 GWh fastkraft og 659
GWh ikke-garanteret kraft.

Elproduktionen

Elproduktionen i Island i 1989
udgjorde 4475 GWh mod 4416 GWh
aret for. Heraf blev 94,1% produceret i
vandkraftveerker (94,3% i 1988); 5,8% i
geotermiske veerker (5,6% forrige 4r) og
0,1% i dieselkraftvaerker (0,1% i 1988).

Installeret effekt voksede med 4
MW i geotermiske vaerker men forblev
ueendrel i vandkrafiveerker og konven-
tionelle varmekraftvaerker. Den totale
installerede effekt var 927 MW ved
udgangen af 1988.

Bygningen af Landsvirkjuns 150
MW vandkraftverket ved Blanda i den
vestlige del af Nord-Island fortsatte i
1989, med idrifttagning i 1991 for gje,
ligesom bygning af Reykjaviks Fjern-
varmevaerks geotermiske  kraftvar-
meveerk Nesjavellir i Syd-Island péd 300
MW nyttiggjort varme + minst 50 MW
el. Forste etape, med 100 MW nyttig-
gjort varme, ventes taget i drift i 1990.
Tidspunktet for elproduktion i Nesja-
vellir athaenger afudfaldet af de ovenfor
omtalte studier og forhandlinger om et
nyt aluminiumsmeltevaerk i Island.

Elpriser

Den 1. marts 1989 forhejede Lands-
vikjun sin engros elpris med 8% og med
10% den 1. okt. Den inflationskorrige-
rede engros prisden 1. jan. 1990 var 6,5%
lavere end den 1. jan. 1989, og 38,2%
lavere end den 1. maj 1984.

Prisnoteringer pa rdaluminium faldt
noget i 1989, og dermed ogsa Landvirk-
juns kraftpris til Det islandske alumini-
umsselskab (ISAL), som faldt fra 18,5
mUSD/kWh i forste kvartal af 1989 til
17,01 fjerde kvartal. (fra 0,118 SEK/kWh
til 0,105 SEK/kWh ifplge kursen den 31.
dec 1989).

En ny driftcentral for
Landsvirkjun

Landsvirkjun tog i december 1989 i
brug en ny driftcentral i Reykjavik for
hele sit kraftsystem med et SCADA-
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udstyr for driftskontrol og dataindsam-
ling som tillader et samlet overblik over
produktion og transmission, registre-
ring af alle forstyrrelser og automatisk
udskrivning af rutinemeessige registre-
ringer og driftsrapporter. [ driftskont-
rollen findes en speciel indbygget
model for belastningsprognoser og
korrtidsanalyse for driftsplaniaegning.
En speciel programdel omfatter auto-
matisk produktionsstyring af genera-
torer. | anlaegget findes 0gsa en serskill
simulator af kraftsystemet som kan
anvendes dels til undersegelser og pro-
gramudvikling og dels til undervisning
og treening af personalet.

I tilknytning til driftcentralen er der
ogs4 sat op et nyt telekommunikations-
system il overfering af data og styrings-
impulser.

Kontroludstyret er kebt fra Harris
Corporation, USA, men telekommuni-
kationsudstyret fra Nokia Telecommu-
nication i Finland.

Den nye driftscental indebaerer en
betydelig foregelse af driftssikkerheden
i Landsvirkjuns kraftsystem; muligger
en bedre udnyttelse af krafisystemet og
underletter driftsplanlaegningen.

Stromafbrud for 80% af
Islands indbyggere

Dagene 11.-13. februar 1989 gik deret
uvejr over Vest-Island som medferte en
reekke stremafbrud. Det alvorligste
indtraf sendag den 12. da omkring 80%
af landets indbyggere var uden elforsy-
ning i optil tre timer. Andre afbrud,
omfattende et mindre antal forbrugere,
forleengederafbrudstiden for disse op til
mellem 7 og 38 timer.

Arsagen til disse streamafbrud, som
var mest omfattende i det vestlige
Island, var kraftige saltbelezgninger
med deraf [plgende overslag over isola-
torer pd ledninger og i koblingsveerk og
transformerstationer. Disse saltbelaeg-
ninger arsagedes af en meget kraftig
vestlig vind ind over landet fra havet
vest for Island. Den vigtigste arsag til at
stremafbruddet omfattede sa mange
forbrugere var en afbryderfejl p.g.a. salt-
belegningen 1 hovedtransformersta-
tionen Geithdls, umiddelbart udenfor
Reykjavik, landets vigtigste transform-
erstation.

I efteraret 1989 toges i brug en ny
hovedtransformerstation i Reykjavik-
omradet, Hamranes, som er en
indendorsstation og sdledes mindre
emtfindtlig overfor vejret end Geithals.
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Fra Mel krafiverk, Vetlefjorden.
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From Mel hydro power station at Vetlefjorden.
Photo: K. O. Hillestad.
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Energipolitikk.

iljekonsekvenser av energibruk

har vart et sentralt energi-

politisk tema i 1989. 1 april la
regjeringen Brundtland fram stortings-
melding nr. 46 (1988-89) «Milje og
utvikling. Norges oppfelging av
Verdenskommisjonens rapporty. 1
meldingen heter det at «energifor-
bruket har avgjerende betydning for &
sikre en berekraftig utvikling béide i
norsk og internasjonal sammenhengy.
Stortinget sluttet seg til de mal for
utslippsbegrensninger av svoveldioksid
(SO2) og nitrogenoksider (NOx) som
ble lagt fram i meldingen. Med hensyn
til utslipp av karbondioksid (CO?2) gikk
et flertall i Stortinget inn for at utslip-
pene skal reduseres slik at de stabili-
seres i 1990-arene og senest 1 r 2000.
Som en falge av miljpkravene kan det
bli nedvendig a redusere veksten i det
samlede energiforbruket med sikte pa
en utflating fram mot arhundreskiftet.
For a oppna disse malene legges det opp
til en pris- og avgiftspolitikk som serger
for at miljokostnadene blir reflektert i
energiprisene. Dette gjelder sarlig
prisene pé fossile brensler.

I mai 1989 ble St. meld. nr. 61
(1988-89) «Om energiskonomisering
og energiforskning» lagt fram.
Bakgrunnen for 4 legge fram meldingen
er forst og fremst de pkte miljgkravene
til energipolitikken knyttet til bruken av
fossile brensler. Det er ogsi en sterk
utfordring for energipolitikken at de
rene gkonomiske gevinstene ved en
mer effektiv energibruk synes 4 veere
betydelige. I meldingen foreslar Regje-
ringen en midlertidig tilskuddsordning
til enek-tiltak i yrkesbygg og industri
samt en midlertidig lineordning for
enek-tiltak i boliger. Tiltakene skal gi
grunnlag for en arlig reduksjon i energi-
bruken pa 0,5 TWh. I Statsbudsjettet for
1990 er dette fulgt opp med lineord-
ninger og en ramme for tilskudd pa 110
mill.kr. til industri og naringsbygg. Det
er forelopig ikke foreslatt lignende
ordninger for boliger.

Forslaget til ny energilov (Ot. prp. nr.
73 (1988-89)) ble oversendt Stortinget i
1989 av Regjeringen Brundtland, men
ble trukket tilbake av Regjeringen Syse
som tiltridte etter valget i september.
Behandlingen av forslaget til energilov
ma ses pd bakgrunn av den pédgiende
debatt om en mer markedsorientert
kraftomsetning.

Den framtidige organiseringen av
kraftforsyningen vil ogsd bli sett i
sammenheng med Statkrafts framtidige
rolle som er under utredning av et




utvalg under ledelse av Olje- og energi-
departementet.

I april 1989 fremmet Regjeringen
St.prp. nr. 79 (1988-89) «Om tiltak for
okt aktiviteti industrien og et mer fleksi-
belt kraftmarked». 1 proposisjonen
foresliar Olje- og energidepartementet
to nye kontraktstyper for industrien.
Begge kontraktstypene baserer seg pa
risikodeling mellom Statkraft og kraft-
kjoperne. Det heter at risikodelingen
oppnis ved at det i kontraktene forut-
settes at den garanterte prisen ikke
gielder ndr tilfeldigkraft prisene over-
stiger et visst niva. Nir dette skjer, kan
kunden f4 kraft pa ordinzere betingelser
for tilfeldig kraft. Det er en forutsetning
at kraftkontraktene inngas for nye indu-
striprosjekter og ikke gér til erstatning
for forbruk av tilfeldigkraft eller eksiste-
rende kraftkontrakter.

I mai la det interdepartementale
prognoseutvalget fram nye prognoser
for fastkraftettersperselen i alminnelig
forsyning, og i juni la NVE fram
prognoser basert pa oppgaver innhentet
fra fvlkene. De nye prognosene antyder
en redusert ettersporsel pa 4-5 TWhiar
2000 sammenlignet med prognosene
fra Energimeldingen 1987. Det er bety-
delig usikkerhet knyttet til prognosene,
serlig med hensyn til eventuelle
virkninger pa ettersperselen etter elek-
trisitet av milje-avgifter pa fossile
brensler. Statistisk Sentralbyra har som
en del av SIMEN-prosjektet (Studier av
Industri, Milje og Energi) beregnet at
miljeavgifter pd olje tilsvarende 75
prosent realprisekning kan gi en ekning
i ettersperselen etter elektrisitet pd 5
TWh.

1989 brakte ingen avklaring i de
kommersielle forhandlingene som
pagéirom salgav norsk gass til Sverige og
til kraftproduksjon og industrikunder
pa @stlandet. Olje- og energiministeren
har gitt melding om at gass fra Halten-
banken ikke er aktuell for leveranser til
Sverige, og har ¢ermed imetekommet
et onske fra svensk side om at even-
tuelle gassleveranser ma komme fra
Nordsjeen. Som aktuelle rartraseer for
leveranse av gass til Sverige gjenstar
landledning fra Karsta/Karmoy til
stlandet/Sverige eller sjoledning
direkte til Sverige. Et mulig tredje alter-
nativ er kobling av de norske og danske
rorlednings-systemene i Nordsjeen.

I forbindelse med Olje- og energide-
partementets hering  vedrerende
gasskraftverk pa @stlandet har Norges
vassdrags- og energiverk (NVE) over-
sendt sin uttalelse til departementet der
det uttrykkes forelopig skepsis til
behovet for gasskraft. I uttalelsen heter

det at kraftsituasjonen synes romslig
fram til 1995 og det sies videre at
«Investeringsbeslutninger om storre
produksjonsanlegg eller en egen gass-
rorledning til @stlandet kan med fordel
utsettes til varen 1991 utfra hensynet til
landets kraftbalanse. Det gir planleg-
gingsfrihet til 4 konkretisere mal, virke-
midler og konsekvenser av de ambi-
siese mélsetningene i energi- og milje-
politikken.» NVE har ogsétilradd at den
videre behandlingen av de omsekte
gasskraftverk i Rogaland stilles i bero
inntil videre. Imidlertid mener NVE at
behov og mulighet for bygging av
gasskraftverk som terrarssikring ber
utredes videre.

Norges oljeproduksjon ble rekord-
stor i 1989 og drsproduksjonen pa 75
millioner tonn er en ekning pa vel 30%
fra 1988. @kningen skyldes okt produk-
sjonskapasitet de siste arene. Norge
opprettholder sin selvpalagte produk-
sjonsbegrensning, men i desember
vedtok Regjeringen d redusere begrens-
ningen fra 7,5 til 5% av produksjonska-
pasiteten. Gassproduksjonen i 1989 ble
omlag 31 mrd. Sm® som er en mindre
oking fra 1988. Pa slutten av aret meldte
de vest-tyske gass-selskapene Ruhrgas
og Thyssengas interesse for 4 kjope 5
mrd. SM? gass fra Troll/Sleipner utover
de 8 mrd. Sm® som Vest-Tyskland har
bestilt under den opprinnelige Troll/
Sleipner-avtalen. De okte leveransene
kan gjere det pikrevet 4 bygge en tredje
rorledning til kontinentet.

Elektrisitetsforbruk

Brutto fastkraftforbruk var 97.4 TWh
i1989. Dette erenreduksjon pia 0,6 TWh
fra 1988.

Brutto fastkraftforbruk i alminnelig
forsyning var 66,2 TWh som er en
reduksjon pa 2,0% fra 1988. Vinteren
1989 var svert mild, og korrigert til
normale temperaturforhold er for-
bruket beregnet til 68,8 TWh som eren
okning pa 1,3%. Veksten i bruttofor-
bruket er redusert de siste drene etter
sterk vekst i farste halvdel av
1980-drene. Den reduserte veksten ma
sees | sammenheng med den innen-
landske konjunktursituasjonen. 1989
var tredje dret pa rad med reduksjon i
innenlandsk bruk av varer og tjenester.

Kraftintensiv industri ekte i 1989
forbruket med 0,8 TWh til 31,2 TWh
referert kraftstasjon. Det er saerlig
bedrifter som produserer ferrolege-
ringer som har okt forbruket i 1989.
Béde i denne naeringen og i produksjon
av kjemiske ravarer og produksjon av
aluminium var det i 1989 nzer full kapasi-
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tetsutnyttelse. Produksjon av alumi-
nium og andre ikke-jernholdige
metaller star for vel 55 prosent av fast-
kraftforbruket i kraftintensiv industri,
mens jern, stil og ferrolegeringer star
for 30 prosent.

Treforedling, som i Norge ikke
regnes som kraftintensiv  industri,
hadde 11989 et forbruk av fastkraft pa vel
4,5 TWh og et forbruk av tilfeldig kraft
til elektrokjeler pa vel 1.4 TWh.

Det samlede forbruket av tilfeldig
kraft til elektrokjeler er anslatt til 5,2
TWh (brutto) i 1989, som er en okning
pa 9% fra 1988. Salget av lette fyrings-
oljer er redusert med vel 12% fra 1988 til
1989, mens salget av tunge fyringsoljer
er redusert med 8%. Nedgangen i salget
av fyringsoljer skyldes i hovedsak den
milde vinteren 1989. Vel 20 prosent av
det reduserte salget kan forklares med
okt forbruk av tilfeldig kraft. Det har i
liten grad skjedd substitusjon mellom
fyringsoljer og fastkraft.

Den maksimale belastningen som
refererer seg til det innenlandske
forbruk inntraft’ 15. desember og er
anslétt til 18 254 MW. 1 1988 var maksi-
malbelastningen 17501 MW, mens
rekordnoteringen er fra 1987 da maksi-
malbelastningen var 18 440 MW. Arets
maksimalbelastning kom i en periode
med kaldt veer over hele landet, men
temperaturene var ikke si lave som
under maksimalnoteringen i 1987.

Elektrisitet dekket i 1989 50 prosent
av energi-innholdet i energibarere
levert til forbrukere (netto-sluttfor-
bruk). Petroleumsprodukter dekket 38
prosent og faste brensler 12 prosent.
Fjernvarme utgjor omlag 0,5 prosent.

Elektrisitetsproduksjon

Vannkraftproduksjonenble i 1989 pa
118,6 TWh. Med et tillegg av 0,5 TWh
varmekraft ble totalproduksjonen 119,1
TWh. Dette er den heyeste drspro-
duksjon som er registrert og er en
okning pi 9,1 TWh fra 1988 som ogsa ga
rekordnotering.

Det nyttbare tilsiget til norske vann-
kraftverk var i 1989 119 prosent av det
normale. Gjennom hele sommeren ble
det sluppet betydelige mengder vann
forbi driftsklare maskiner, ogialt ble det
et produksjonstap pa vel 6 TWh. Maga-
sinkapasiteten er i lapet av aret okt med
1.8 TWh og var ved 4rets utgang pa 78,7
TWh. Magasinbeholdningen ved arets
utgang var 59,3 TWh og er 2.8 TWh
heyere enn ved arets begynnelse.

Pr. 1.1 1990 er produksjonsevnen for
fastkraft i det norske vannkraftsystemet
beregnet til 102,5 TWh og middelpro-



duksjonen er beregnet til 107,5 TWh. I
tillegg er det i Norge varmekraftverk
med en samlet ytelse pd omlag 300 MW,
I lopet av de narmeste irene er det
forventet at produksjonsevnen for fast-
kraft i det eksisterende vannkraftsy-
stemet kan okes med anslagsvis 2 TWh.

Nye vannkraftinstallasjoner og utvi-
delser i lopet av 1989 har okt produk-
sjonsevnen for fastkraft med omlag 2,2
TWh. De storste nye installasjonene er
Jostedal (270 MW) og Mel (50 MW) i
Sogn og Fjordane, Torpa (150 MW) og
Dokka (44 MW) i Oppland, Ana-Sira
(50 MW)i Vest-Agderog Nedre Nea (63
MW) i Ser-Trendelag. De storste utvi-
delsene er Aurland I (225 MW) i Sogn
og Fjordane og Nedre Vinstra (125 MW)
i Oppland. Den samlede tilvekst i
maskinkapasitet var 1015 MW. Total
maskinkapasitet ved drsskiftet var
26 827 MW. Statkraft eier 29 prosent av
maskinkapasiteten. Vel 55 prosent eies
av kommuner og fylkeskommuner, og
resten eies av private og industrisel-
skaper.

Kraftutvekslingen med utlandet
resulterte i et rekordstort eksportover-
skudd pa ca. 15 TWh. Dette er 1,5 TWh
mer enn den tidligere rekorden fra 1983.
Mot Sverige er det eksportert 11,4 TWh
og importert 0,4 TWh. Eksporten til
Danmark var 3.8 TWh. Det har veert
liten kraftutveksling med Finland.

Elektrisitetspriser

11989 har det veert prisregulering pa
salg av elektrisk kraft. Det var kun tillatt
a oke engrosprisene med inntil 0,9
ore/kWh og detaljprisene med inntil 1,3
ore/kWh. Nesten samtlige everk
benyttet maksimalpkningene, noe som
ga en gjennomsnittlig prisokning pa 4%
for begge kategorier.

Statskraftprisen for levering til
engrosforetak for alminnelig forsyning
okte fra 20,5 ere/kWh til 21,9 ere/kWh
fra 1. mai 1989, Den ble imidlertid redu-
sert til 21,3 ere/kWh fra 1. juli samme dr.
For 1990 har Stortinget fattet vedtak om
ytterligere okning med 2% til 21,7
ore/kWh. Prisen er beregnet giennom-
snitt ved 6000 timers brukstid og levert
nedtransformert fra hovednettet.

Gjennomsnittsprisen for elektrisk
kraft levert til husholdninger og jord-
bruk var 43 ere/kWh, alle avgifter inklu-
dert. Den forbruksavhengige kost-
naden i en H-4 tariff, som er den
vanligste husholdningstariffen, var i
landsgjennomsnitt 38,6 are/kWh inkl.
avgifter, mens ekvivalent energikostnad
ved lettoljefyring var ca. 32,8 ore/kWh,
regnet med 75% virkningsgrad.
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Terskel av betong. Skjomen kraftverk.

Den generelle elektrisitetsavgift
som belastes forbruker innenfor almin-
nelig forsyning var 3,7 ere/kWh, med
unntak av den nordligste delen av
landet som hadde 2,1 ere/kWh. For
1990 er elavgiften fastsatt til henholdsvis
3.85 0g 2,2 ere/kWh.

Pr. 1.1. 89 var landsgjennomsnittet
for energileddet i H-4 tariffen 33,0
ore/kWh inkl. elavgift. Dette tilsvarer
kostnaden for ny kraft nar en regner
med en kalkulasjonsrente pé 4,6%.

Flere energiverk har i 1989 satt igang
proveordninger som gir rabatter til
husholdningsabonnenter med relativt
heyt forbruk. Bakgrunnen for
ordningen er den gunstige kraftsituas-
jonen og et enske om 4 erstatte olje med
elektrisitet.

Hovednettet

Jostedal kraftverk ble satt i drift i
november 1989. Kraftverketer tilknyttet
bestdende nett over en 300 kV ledning
til Leirdela. Bade kraftstasjon og
ledning eies av Statkraft.
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Weir-construction of concrete at Skjomen hydro
power station.
Photo: K. Q. Hillestad.

Bygging av Jostedal kraftverk
sammen med Oslo Lysverkers utvi-
delseiAurland I har gjort det nedvendig
4 forsterke deler av bestdende 420 kV
overforing fra Sima/Aurland mot Oslo.
Det ble funnet at to seksjoner matte
forsterkes, nemlig Dagali-Nore og
Aurland-Usta. Ferstnevnte seksjon,
Dagali-Nore, ble satt i drift i desember
1989. Den eies av Statkraft.

Den andre seksjonen, Aurland-
Usta, bygges av Oslo Lysverker, og den
er planlagt 4 skulle komme i drift i 1991.

1 april 1989 inntraff en historisk begi-
venhet i norsk elforsyning. 420 kV
ledningen Kobbelv - Salten ble offisielt
sattidrift, og dermed fikk man for forste
gang et sammenhengende landsomfat-
tende elektrisk nett innenfor Norges
grenser.

Dubleringen av 132 kV netteti Nord-
Troms/Finnmark gar sin gang, og som
et ledd i dette ble 132 kV ledningen
Alta-Skaidi satt i drift i 1989.



am OVerige

Energipolitik.

nder 1989 togs inga beslut av
storre omfattning inom svensk
energipolitik. Ett stort antal
utredningar arbetade for att ta fram
underlag till den stora energipolitiska
propositionen «Kontrollstation 1990»,
vilken skall ge klarhet i hur energisy-
stemet skall se ut pi 1990-talet. Vidare
skall de tva kiarnkraftblock utpekas, etti
Barsebick och ett i Ringhals, som skall
avvecklas i mitten pa nittiotalet.
Flera svarforenliga méal inom miljo-
och energiomradet skall uppnas under
nittiotalet utan att arbetslosheten stiger,

vilfirden dventyras eller miljon
forsimras. Hidr nedan foljer en
sammanstillning:

- Kiirnkraften skall avvecklas till ar 2010,
Tva reaktorer skall tas ur drift 1995-96.

- Utsldippen av svaveldioxid skall
minska med 80% (fran 1980 ars niva)
till &r 2000.

- Utslidppen av kviveoxider skall ned
med 30% fram till 1995 rdknat fran
1980. Naturvdrdsverket utreder forut-
sittningarna att minska med 50% till
ar 2000.

- Utsldppen av koldioxid farinte 6ka. PA
sikt dr ambitionen att minska
utslappen.

- Enligt gdllande naturresurslag fér inte
de fyra ordrda stora huvudilvarna
byggas ut (Torne-, Kalix-, Pite- och
Vindeldlven).

- Anvindningen av freoner och andra
s k CFC-foreningar skall minska till
hilften fore 1991 och vara avvecklad
fore 1995.

Utredningen EL 90 som studerar
hur den elintensiva industrin kommer
att paverkas av kiarnkraftsavvecklingen
har lamnat ett delbetinkande. Utred-
ningen konstaterar att moms och
miljdavgifter pd energi, utan majlig-
heter till avdrag, kommer att ge indu-
strin hogre skatter in med nuvarande
skattesystem. Vissa miljoavgifter kan
dven innebéra att industrins konkur-
renskraft forsidmras.

De kraftigt hojda elpriser, som blir
foljden av den fortida kdarnkraftsavveck-
lingen kommer att drabba den elinten-
siva industrin hart. Risken for nedlidgg-
ning av fabriker, och ddrmed Okad
arbetsloshet 1 glesbygden, ér stor. Vissa
skogsbolag har redan aviserat att de
tanker fOrldgga sina nyetableringar
utomlands i linder med légre elpriser.

En arbetsgrupp skall senast 1 maj
1990 limna forslag till regeringen om
hur eventuella problem med personal-
flykt kan losas i samband med kiirn-
kraftsavvecklingen. Framfor allt under
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den senare delen av avvecklingsfasen, i
borjan av 2000-talet, vintas kdrnkrafis-
foretagen fa svarigheter att behalla
kompetent personal.

Statens energiverk skall i en utred-
ning redovisa hur utrymmet for
elhushéllning och effektivare elanvéind-
ning kan utnyttjas fram till mitten av
1990-talet. Vidare skall man redovisa
elprognoser och tillkomsten av ny
elproduktion och visa pa de samhiills-
ekonomiska konsekvenserna av kirn-
kraftsavvecklingen med start 1995 och
1996.

Statens Kirnkraftsinspektion och
Statens Stralskyddsinstitut lade i borjan
av 1990 fram resultatet frin en utredning
om vilka tvd kirnkraftblock som skall
avvecklas forst. Utredarna anser sig inte
kunna peka ut ndgra enskilda block,
utan menar att samtliga svenska kirn-
kraftverk fyller alla gillande sdkerhets-
krav.

For att trygga elforsorjningen maéste
nya produktionsanldggningar komma
till, framfor allt infor en fortida avveck-
ling av tva kirnkraftblock.

Vattenkraftens produktionsférmaga
kommer att 6ka genom smérre om- och
utbyggnader fran nuvarande 62.8 TWh
till ca 64 TWh i mitten av 90-talet.
Effekten hojs med ca 400 MW.

De planerade fossilkraftsobjekt
som skulle kunna komma i drift fram till
mitten pa 90-talet, om tillstind erhalls
utan forseningar, kan ge ca 10 TWh/ar.
Effekten hojs vid motsvarande idrifttag-
ningar med drygt 1500 MW. En
utbyggnad av fossilkraften i den hir
omfattningen paverkar naturligtvis
miljon.

Vattenfall har beslutat att satsa en
miljard vardera i tvd forskningsprojekt.
Den ena forskningssatsningen avser
biobriinsleteknik. Vattenfall skall bygga
demonstrationsanlidggningar och
studera bl a ekonomi, ekologi och
forbranning. Den andra miljarden
satsas pa energihushallning. Hiir dr det
intressant att marknadsfora idéer och
teknik som energitjinster riktade till
mindre och medelstora industrier och
till offentliga miljoer.

Elanvandningen.

Elforbrukningen 1989 exkl elpannor
uppgick till 131 TWh, vilket innebdr en
oforindrad niva jimfort med fore-
gdende ar. 1988 minskade forbruk-
ningen nagot. Vidersituationen de tre
senaste dren har varit mycket olika. 1987
var vintern bdde ihirdig och extremt
kall, sommaren var ocksd kylig.
Vintrarna 1988 och 1989 var bida milda,
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Vann-massene slippes fri, Vargforsen kraftverk i Water flow at Vargforsen power station in the river

Skellefte dlv. Skellefte div.
Photo: Bengt Johansson.
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speciellt 1989, medan somrarna var
ganska normala.

Efter omrikning till normaltempe-
ratur fir man foljande viirden pa utveck-
lingen

1986-87 + 3,5 TWh (+ 3%)
1987-88 + 2,5 TWh (+ 2%)
1988-89 +3 TWh (+2%)

1989 ars leveranser till avkopplings-
bara elpannor var de storsta som
nagonsin har forekommit. 8 TWh leve-
rerades vilket dr ndgot mer dn aret fore
di leveranserna ocksa var stora.

Den totala elforbrukningen i Sverige
uppgick sdledes till 139 TWh.

Industrin anviande 54 TWh vilket ir
nagot mer édn 4ret fore. De tva fore-
gdende aren har industrins elanvind-
ning okat med ca 5%. Den svenska
hégkonjunkturen som har varat sedan
bérjan pd 1980-talet nadde troligen sin
kulmen under 1989.1990 och 1991 viintas
endast sma BNP-Gkningar. Ovriga viist-
virldens hégkonjunktur visar dock inga
direkta tecken pa avmattning.

Inom négra branscher har elanvind-
ningen okat under 1989. Livsmedels-
och <trivaruindustrin okade med 7%
medan verkstads-, massa- och pappers-
industrin okade bara obetydligt. Inom
textilindustrin minskade elanviind-
ningen med ca 10%. Massa- och
pappersindustrin dr, med en arsforbru-
kning pé drygt 20 TWh, den mest elin-
tensiva industribranschen.

Jarn- och sparvigarnas forbrukning
har sedan flera 4r tillbaka legat stilla pa
25 TWh.

Elférbrukningen inom sektorn
bostdder, service, vidrmeverk mm
uppgick till 70 TWh. Jimfort med (ore-
gdende dr innebir det en minskning
med ndgra procent, vilket forklaras av
den mildavintern 1989. Temperaturkor-
rigerat Okade bostadssektorns elan-
viandning med 4%.

Kraftutbytet med grannlidnderna
blev rekordartat i volym under 1989.
Sverige exporterade 12,5 TWh och
importerade nastan lika mycket, varfor
exportdverskottet bara blev 0,5 TWh.
Bide Norge och Sverige hade mycket
goda vattentillgdngar vilket i stor
omfattning kunde utnyttjas for att
ersitta  vidrmekraftproduktion. I
Danmark och Finland har importen
anviints for att reglera ned fossileldad
viarmekraft. Detta har haft en positiv
effekt pd den nordiska miljon. Leve-
ransen till Sjdlland uppgick till hela
5,4 TWh. Tidvis tiacktes upp till 90% av
Sjdllands elfGrbrukning av import fran
Sverige.

Forlusterna i det svenska stamniitet
blev ovanligt stora under 1989. Jimfort

Energiskog.

Energy wood.

Photo: Bengt Johansson.
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med 1988 oOkade stamnitsfOrlusterna
med ca 30%. Anledningen till de kade
forlusterna ér de stora méngder vatten-
kraft som producerades i norra delen av
landet och sedan via stamniitet fordes
vidare soderut.

Forbrukningens hogsta timvirde
under aret blev 25,8 GWh/h och intrif-
fade den 15 december mellan k1 8 och 9.
All-time-high (26,2 GWh/h) som
hdrstammar frdn den extremt kalla
dagen 12 januari 1987 star sig alltsa fort-
farande.

Eltillforsel

Elproduktionen uppgick under 1989
till 139 TWh, vilket dr ca 2 TWh ligre dn
de bada foregdende dren.

Vattenkraftverken producerade 71
TWh vilket innebiir en tangering av
produktionen rekordaret 1987.
Normalirsproduktionen  ligger pa
63 TWh. Framfor allt var produktionen
stor i Luledlven. Orsaken hirtill var
stora snomingder under vintern samt
riklig nederbérd under sommaren.

Erstillrinningen i landet dversteg
medelviardet med 17%. Det ir tredje dret
i rad med god vattentillging. Magasins-
fyllnadsgraden var vid arets slut 70%
vilket var ndgot dver medianvirdet och
motsvarade en energi pi 23 TWh.
Under storre delen av 1989 har dock
magasinsldget varit hogt over det
normala.

Kirnkraftverkens produktion under
1989 uppgick till 63 TWh, vilket dr 5%
mindre dn dret fore. Pa grund av den
goda vattentillgdngen gick kidrnkraft-
verken under delar av aret med redu-
cerad effekt. Nedregleringen med
9 TWh motsvarar ca 11% av arets totala
kapacitet. Ett fatal oplanerade stopp
intriffade. Sikerheten och produk-
tionsekonomin var god. Energitillging-
ligheten under aret blev i medeltal 86%
vilket kan jimforas med varldsgenom-
snittet 70% for littvattenreaktorer. Av
de svenska reaktorerna noterade Barse-
bick 11 det hogsta tillginglighetsvirdet
med 94%,

Mottrycksproduktionen uppgick till
drygt 5 TWh och produktionen i
kondensverk, gasturbiner m m var
0,3 TWh. I bada fallen ér det de ldgsta
virdena sedan 1984. Den milda vintern
ar dven hir en bidragande orsak.

Importen av elenergi uppgick under
1989 till 12 TWh, vilket dr den hogsta
noteringen nagonsin. Det foregiende
rekordet hdarstammar fran 1983 och 16d
pa drygt 10 TWh. Orsaken till den stora
importen ir den mycket goda vatten-
tillgingen i Norge kombinerat med



Virtan PFBC-anlegg under utbygging.
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Virtan PEBC-plant under construction,
Photo: Stockholm Energt.

moijligheten att reglera ned virmekrafti
ovriga Norden.

Utbygenadstakten av kraftverk érlag
for nirvarande. Under 1989 togs ett
antal mindre vattenkraftverk i drift.
Effekten hojdes med 60 MW. Rege-
ringen godkiinde effekthojningar for tvé
kirnkraftblock. I Forsmark 3 hdgjdes
effekten med 80 MW, och i Oskarshamn
3 med 70 MW. En gaskombianlidggning
pi 4 MW vid Papyrus pappersbruk
utanfor Goteborg, var det enda till-
skottet av fossilkrafi.

Stamndt och samkornings-
forbindelser

En samkérningsforbindelse for
hogspind likstrom (HVDC) mellan
Forsmark pd svenska ostkusten och
Raumo i sydviistra Finland togs i drift
den | december 1989. Anliggningen ar
utford for 400 kV och har overftrings-
formagan 500 MW i vardera riktningen.
Sjokabellingden ar 198 km. Sdvil vad
giller spidnning, Overforingskapacitet
som sjokabellingd innebar den nya
forbindelsen virldsrekord. Tekniskt
intressant och en nyhet dr ocksé att man
genom styrning av effektoverforingen
pi HVDC-forbindelsen optimalt kan
utnyttja  overforingsforméigan  och
fordela dverforingen i nord-sydlig rikt-
ning pé de svenska och finska systemen.
Vidare kan systemen samverka for att
eliminera foljderna av en storning i
endera systemel.

En ny 400 kV overforingsledning
mellan mellersta Norrland och Milar-
dalen togs i drift den 20 december 1989.
Ledningen dr 360 km ling och har
stridckningen Midskog-Morgards-
hammar. Den idrifitagna ledningen &r
en forsta etapp i pAgdende konvertering
av 220 kV dverforingsledningar till
400 kV. Den nya ledningen innebir en
tkning av overforingskapaciteten fran
Norrland till Mellansverige.

For att hoja kortslutningssikerhet
och belastningsforméga pa stamniitet
genomfors forstiarkningsitgéirder pa ett
flertal ledningar och stationer. Ombygg-
nader pigir ocksa av seriekondensator-
stationer for att fi bort anldggningar
som innehaller PCB.

Elpriserna

Vattenfall inférde fr o m 1989 nya
hogspinningstariffer med en kontrakts-
tid pa tre 4r medan Sydkrafi under 1989
haft ettarsavial.

Vattenfalls  hogspinningstariffer
hojdes med 10,6% frin 1988 till 1989.
Den relativt stora hdjningen berodde i
forsta hand pé fgarens (statens) okade
avkastningskrav. Sydkrafts hogspén-
ningstariffer var 8,5% hogre under 1939

jaimfort med 1988. Prisutvecklingen

inom andra kraftforetag har varit
likartad. Inflationen under 1989 uppgick
till 6,7%.

Den 1januari 1989 héjdes Vattenfalls
lagspinningstariffer med 10,5%. Mot-
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svarande hojning inom Sydkrafis distri-
butionsomrade var 8,0%.

Under forsta halvaret 1989 var
energiskatten pé el 5 ore per kWh for
industrier. For Ovriga kunder var
elskatten 7,2 6re per kWh utom i vissa
delar av norra Sverige dirden var 6,2 re
per kWh. Fr o m 1 juli héjdes energi-
skatten med 2 ore per kWh for samtliga
kundkategorier.

For elenergi, eldningsolja och fasta
brinslen som anviinds i viss industriell
tillverkning kan regeringen efter prov-
ning fran fall till fall medge nedsittning
av energiskatten till 1,7% av de tillver-
kade produkternas forsdljningsvirde.
Avkopplingsbara leveranser till
elpannor har dven under 1989 varit
befriade frin elskatt under perioder da
elenergi inte producerats i oljeeldade
kraftverk.
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1. Bakgrund

amkorningen av  elkrafisy-
stemen i de nordiska linderna
ir ett exempel pd mycket vil
fungerande nordiskt samarbete som
bedrivs helt pad frivillighetens vig.
Det styrs av frivilligt 6verenskomna
rekommendationer och principer
och skots direkt av de nationella drift-
ledningarna utan behov av direktiv
eller styrning fran nagon dverordnad
instans.

Det nordiska elkraftsamarbetet
borjade sa tidigt som 1912 da ett avtal
tecknades mellan Danmark och Sverige
om att etablera en forbindelse under
Oresund for att ta vara pa overskotts-
energi fran det sydsvenska vattenkraft-
systemet for leverans till Sjalland.

Elsamarbete mellan Norge och
Sverige pabodrjadesibdrjan av 1930-talet
i samband med elektrifieringen av
malmbanan Kiruna-Narvik. 1958 teck-
nades ett avtal mellan Finland och
Sverige om en samkorningsforbindelse
i norr vilken mdjliggjordes genom att
storkraftndten i de bada linderna
byggdes ut.

1963 bildades Nordel med syfte
att intensifera och strukturera det
nordiska elkraftsamarbetet.

Storkraftniten i de nordiska lind-
erna harsuccessivt byggts ut och dimen-
sionerats for att mojliggora erforderliga
nationella krafttransporter med accep-
tabla begransningar.

De nationella niten har forbundits
med i dag totalt 22 samkorningsforbin-
delser. Dessa erbjuder under normala
forhallanden tillracklig kapacitet for att
det nordiska elkraftsystemet skall
kunna betraktas som ett enda krafi-
system med mdjlighet att utnyttja de
samlade produktionsresurserna pi ett
totalekonomiskt riktigt sdtt med accep-
tabla begransningar.

Produktionssystemen i de olika
linderna har byggts ut for att kunna
ticka respektive lands elbehov varvid
vattenkraften utnyttjats i topografiskt/
ekonomiskt/politiskt mdjlig omfatt-
ning, Olikheter i lindernas geografi har
medfort stora olikheter i vattenkraftut-
nyttjningen. Stora skillnader fore-
kommer édven vad giller kdrnkrafiens
utbyggnad vilket frimst har politisk
grund. Resultatet har blivit att Norge
har ett rent vattenkraftsystem,
Danmark ett rent fossilkraftsystem och
Finland och Sverige blandade vatten-
kraft-, kiirnkraft- och fossilkraftsystem.
De stora olikheterna i produktionssy-
stemen utgdr en viktig grund till den
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Fig. 1. Tvp av elproduktion samt drlig
elenergikonsumtion i de nordiska ldnderna.
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mycket virdefulla och vinstgivande
samkorningen av lindernas kraftsy-
stem.

Med anledning av att Island pa
grund av sitt geografiska ldga ej deltager
i Nordelsamkorningen behandlas
frimst det samkOrande nordiska
systemet.

2. Kraftsystemet idag

Systemet for elektrisk kraftférsor-
ning i Norden ir format av de tekniska
och ekonomiska forutsittningarna
inom varje land och av mdjligheterna
till fordelaktig samverkan linderna
emellan, Kraftbehovet dr geografiskt
bestimt av hur befolkning och indu-
strier dr fordelade. I produktionsledet s&
har utbyggnaden av vattenkraften
givetvis styrts av de naturliga forutsétt-
ningarna i fallhdjd och vattenforing
samt dverforingsteknikens utveckling.
Viarmekraftsanldggningarna har kunnat
lokaliseras sé att overforingsavstinden

;.

Kirnkraft

Nuclear power

- Fossilkraft
Conventional thermal
power

[ Vattenkraft
Hydro power

till de stora belastningsomridena &r
forhallandevis sma.

Det vixande naturvirdsmedve-
tandet innebdr att utbyggnad av nya
produktionsanlidggningar endast kan
ske med hénsyn tagen till betydligt fler
restriktoner &n i tidigare skeden. Kraft-
systemets vidare utveckling styrs darfor
i allt hogare grad av miljovardsfaktorer
inom ramen for energiftrsdrjningen i
stort.

Vattenkraft
Klimatforutsittningarna for utnytt-
jande avvattenkraften i Norden préiglasi
forsta hand av Arstidsviixlingarna.
Fallande nederbord och sndsmiiltning
kulminerar under perioden maj-
augusti i de nordligaste omridena.
Milda havsvindar ger normalt hog
nederbdrd i de vistliga delarna dven
under host och tidig vinter.
Kraftbehovet dr dock storst under
vinterhalvaret. For att utnyttja den till-



gingliga energin maéste vattnet kunna
lagras. Stora regleringsmagasin ar
dirfor en ekonomiskt mycket viktig del
av den utbyggda vattenkraften vid sidan
av sjilva kraftstationerna. Lagringska-
paciteten dr i forsta hand dimensio-
nerad efter arstidscyklerna i tillrinning
och elférbrukning. En viss kapacitet
finns dédrutéver for att kunna spara
vatten mellan flera ar.

Den sammanlagda magasinkapaci-
teten riknat i energi dr ca 60% av vatten-
kraftens medeldrsproduktion. Den
storsta kapaciteten finns i Norge dir
motsvarande siffra dr drygt 70%. Diéri
inrdknas ocksd de mindre magasinen
vid krafistationer lingre ner i dlvarna
som utnyttjas for reglering i vecko- och
dygnscykler.

Det tekniska utforandet av vatten-
kraftsstationerna dr mycket varierande i
de nordiska anliggningarna. Fallhoj-
derna varierar fran endast nigra meter
till éver 1100 m. Vattenforingskapaci-
teten uppgdr i de stOrsta aggregaten till
drygt 500 m*/s och for hela stationer till
over 1000 m*/s. De storsta generato-
rerna har en markeffekt pa ca 450 MW.
Den totala produktionsformagan domi-
neras dock av det stora antalet kraftsta-
tioner i storleken 50-400 MW.

Vattenkrafistationernas utnyttjning
styrs av deras dgare. Karaktiristiskt
inom Norden ér dock att stationer lings
samma vattendrag kan dgas av olika
foretag. Det forutsitter ett samarbete
dem emellan om finansiering av
gemensam magasinkapacitet, om hur
vattnet ska regleras pa lang och kort sikt
m.m. Sirskilda regleringsforetag har
darfor upprittats for att 1opande skota
den nodvindiga samordningen mellan
dgarforetagens intressen.

Virmekraft

Produktionskapaciteten i Norden dr
uppbyggd av i huvudsak fyra slag
@ Mottrycksproduktion samordnad
med virmebehov inom industrier
eller tdtorter. Eldat med olja, kol,
naturgas eller inhemska biobrinslen
@ Qlje- eller koleldad kondenskraftpro-
duktion i enheter upp till 650 MW
@ Kirnkraft i totalt 16 block fordelat pa
sex kraftstationer
® Gasturbiner eldade med littolja
Under ir med normal vattenkraft-
tillgdng &r det frdmst kédrnkraft,
mottryck och koleldad kondens som
utnyttjas fér omfattande energiproduk-
tion. Hoga tillrinningar dkar mojlighe-
terna till att reducera i forsta hand den
fossileldade produktionen.
Kirnkraftverken laddas i allmédnhet

si att produktionen tillits minska i
slutet pd laddningscykeln genom att
brinslet blir utbrint. Detta samman-
faller dock med att belastningen sjunker
under varen. Under kérningsperioden i
Ovrigt forutses att en viss nedreglering
kan behdvas under perioder med lag
belastning och god vattenkrafttillgdng.

Overforingssystemet

Det avgdrande steget mot ett starkt
samkorande nordiskt nit togs da 300
och 400 kV spinningarna introduce-
rades. 1 dag utgors ryggraderna i de
nationella niten och de starka samkér-
ningsforbindelserna av ledningar och
stationer for 400 kV.

I Finland och Sverige ir de stora
overforingsbehoven nord-sydliga. 1
sdra Norge dr de vist-Ostliga. Dessa
behov har motiverat successiva forstir-
kningar for att uppna en Overforings-
formaga som ekonomiskt dr avstimd
mot den bakomliggande produktions-
kapaciteten. I Danmark dr dverforings-
avstinden kortare, men utbyggnad av
stora kraftstationsaggregat och samkor-
ningen med Tyskland for Jyllands del
och med Sverige for Sjillands del har
motiverat 400 kV nit med anslutningar
till dessa. Overforingssystemet pa
Island utgérs av en ringforbindelse runt
hela landet och ett starkare maskat nét
mot huvudstaden Reykjavik.

Samkorningsforbindelser finns mel-
lan Sverige och alla de 6vriga Nordel-
linderna (exkl Island). Dessutom har
Norge forbindelse med Finland i norr
och med Jylland i soder. Forbindelser
med andra stora system finns mellan
Jylland och det kontinentala UCPTE-
systemet (vixelstrom) samt mellan
Finland och Sovjetunionen (likstrom).

Sammanknytningen med vixel-
stromsforbindelser gor att Nordelnétet
drivs synkront dvs. med en gemensam
frekvens. Undantagna frin detta dr dock
Jylland, som dr synkront med det konti-
nentala systemet och Island som av
geografiska skil ir helt isolerat.

Forutsittningen for att forbinda det
synkrona Nordelnétet med Gvriga stora
vixelstromssystem &dr att nyttja
likstromsteknik. Via sjokablar och
stromriktarstationer har saledes Jylland
knutits bade till Norge och Sverige.
Likstromsforbindelsen mellan Finland
och Sovjetunionen ir emellertid byggd
som «back to back» dvs. de bida vixel-
stromssystemen mots i samma station
pé den sovjetiska sidan.

Den nya likstromsforbindelsen
Fenno-Skan forbinder stdra Finland
med mellersta Sverige. Fenno-Skan
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utgdr darmed en styrbar Gverforings-
lank inom det synkrona systemet. Den
egenskapen utnyttjas for att optimalt
kunna fordela 6verforingarna inom och
mellan Finland och Sverige.

Overforingstekniken dr idag sa
vilutvecklad att den inte utgdér nagon
begrinsning i mojligheten att knyta
samman stora kraftsystem. Vidare
utbyggnad och fOrstirkningar moter
didremot andra problem som i gles-
bygder frimst hiirror frin naturvardsin-
teressen och i titorter beror pa bristen
pa tillganglig mark. Utveckling av ny
teknik dr darfor nodvindig for att
minska markintring och annan
paverkan pa sambhillet och pA medbor-
garna.

Det samkorande systemet

I ett perspektiv som bortser frin
nations- och Agargrinser sa utgor
Nordelsystemet en samlad vatten-
och varmekraftkapacitet for att tdcka
en geografiskt ojimnt fordelad
belastning. Vattenkraftresurserna ir
samlade till systemets nordvistra del
och viarmekraften till dess sydostra.
Overforingskapaciteten diremellan
dr mycket stor.

En tillforlitlig och ekonomisk kraft-
forsdrjning dr beroende av ett antal yttre
faktorer som kan vara svéra att forutse
eller paverka. For Nordelsystemet ér de
viktigaste
- vattenkraftens tillrinning
- pris och tillgdng pa briinsle
- produktionsenheternas tillgdnglighet
- storningar och haverier
- belastningens kiinslighet for viiderlek,

konjunkturer etc.

I det samkorande Nordelsystemet dr
risken for samtidig negativ inverkan av
flera av dessa faktorer vil spridd mellan
de olika kraftslagen och mellan ansva-
riga kraftforetag. Det finns sdledes en
mycket god forméga att gemensamt
klara av pafrestningar i kraftbalansen for
hela systemet eller for enskilda foretag.
A andrasidan kan goda tillgdngar nyttig-
goras i hela systemet med gemensam
ekonomisk vinst.

Fordelarna forverkligas i driftskedet
genom omfattande kraftoverforingar
mellan systemets delar. Energin som
dverfors mellan linder och foretag ar
reglerad i de Overenskommelser som
lopande triffas mellan delsystemens
driftledningar om utbyte av fast och till-
fallig kraft.



3. Nordels rekommenda-
tioner

Nordel som 4r ett samarbetsorgan
for elkraftforetagen i de nordiska
linderna Danmark, Finland, Island,
Norge och Sverige ér ett ridgivande och
rekommenderande organ med syfte att
befrimja internationellt,  frimst
nordiskt samarbete betriaffande
produktion, distribution och anvind-
ning av elenergi. Nordel tar inga egna
beslut, men utfordrar rekommenda-
tioner som utgdr grunden for samar-
betet.

Nordel bestdr av fyra ledamoter fran
vart och ett av de nordiska linderna.
Dessa ledamoter dr ledande personer
inom ldndernas kraftforsérjning.

En stor del av arbetet utfors i de tre
utskotten Driftutskottet, Planeringsuts-
kottet samt Milj6- och Produktioinsuts-
kottet som dr sammansatta av speciali-
ster fran kraftforetagen inom linderna
och som bland annat utarbetar forslag
till rekommendationer.

Nordel éir oberoende av politiska
myndigheter. For att upprétthalla en
god kontakt sker dock ett utbyte av
information med dessa. Nordel har
ingen egen budget eller personal utan
foretagen bidrar till verksamheten
genom personalens insatser. Detta
garanterar att Nordels intentioner pa
bdsta silt forverkligas i det dagliga
arbetet inom foretagen.

Nordels rekommendationer be-
frimjar den tekniska och ekonomiska
driften av det samkorande nordiska
kraftsystemet. Genom grundprincipen
att virdet av elkraftsamarbetet i mojli-
gaste méin skall fordelas lika mellan
linderna, dr rekommendationerna till
gagn for varje land vilket motiverar att
de efterlevs.

For driftsamarbetet dr bl. a. foljande

rapporter och dirpi baserade rekom-

mendationer viktiga:

® «Driftsamarbetet inom Nordel», 1971.
Rapporten beskriver forutsiittningar
och metoder for optimering av det
driftsekonomiska samarbetet i det
nordiska kraftsystemet.
Nordel har rekommenderat att
berorda kraftforetag skall tillimpa i
rapporten angivna principer.

® «Dimensioneringsregler for  det
samkorande nordiska nitet», 1972.
Reglerna foreskriver att krafisystemet
skall klara vissa definierade felfall
utan bortkoppling av belastning,
statisk eller dynamisk instabilitet eller
otillitna bestdende fordndringar i
spianning och frekvens.
Nordel har rekommenderat att
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dimensioneringsreglerna dven till-
limpas som vigledning for driften av
hela det samkoérande systemet.

® «Drifttekniska specifikationer for
viarmekraftverk», 1982.

I rapporten specificeras krav pd
virmekraftverk i syfte att de skall
kunna drivas pa ett siikert och ekono-
misk rationellt sitt.

Nordel har rekommenderat att
berorda kraftforetag tillimpar de
foreslagna specifikationerna.

® «Automatiska  driftitgirder och
gillande regler rorande driftsreserven
i det synkrona nordiska kraftsystemet
som bestir av Danmark Oster om
Stora Bilt, Finland, Norge och
Sverige», 1982.

Rapporten beskriver definitioner och
regler rorande automatisk frekvens-
reglering och storningsreserv.

Nordel har rekommenderat att
rapporten skall tillimpas.

® «Koordinerat frekvenssyrt nitvirn i
det synkrona Nordelomradet», 1983.
Rapporten beskriver principerna for
automatisk belastningsfrankoppling,
utnyttining av likstromsforbindelser
samt néitdelning i samband med
allvarligare driftstérningar.

Nordel har rekommenderat att
rapporten skall tillimpas.

@ «Reservkrav i Nordelsystemet», 1988,
Rapporten beskriver definitioner och
relger rorande driftsreserverna i
effektbristsituationer.

Nordels Driftutskott har beslutat att
tillimpa reglerna pa prov tills vidare.

4. Driftledningsansvar i de
olika landerna

Det finns ingen d&verordnad
nordisk driftledningsnivd. Dock har
Vattenfall ett sammanhallande
ansvar for frekvenshéallning och krav
pa driftsreserver. For driftledningen
av det samkorande Nordelsystemet
svarar de enskilda nationella driftled-
ningarna. Dessa har ansvar for
driften av eget system samt, genom
bilaterala Gverenskommelser med
grannsystemens driftledningar, for
samkoérningen med dessa.

Varje nationell driftledning har
ansvaret for att driften av det egna
systemet sker pa ett tekniskt och ekono-
miskt optimalt sédtt. De tekniska och
ekonomiska vinster som Nordelsam-
korningen ger skall fordelas lika mellan
de samkorande linderna. Detta gor att
de nationella driftledningarna har
intresse i att direkt medverka i denna

samkorning i storsta mojliga utstrick-
ning. P4 detta sitt kommer Nordelsam-
korningen att naturligt integreras i drift-
ledningen av det egna systemet.

De nationella driftledningarnas
verkstillande organ dr de nationella
driftcentralerna.

Samtliga kontrollrum &r utrustade
med moderna datoriserade driftcentral-
system med vars hjidlp den momentana
overvakningen av produktion, nétdrift
och samkorning kan ske. Dessutom
finns system av varierande slag for
planering av verksamheten pa kort sikt, i
forsta hand de nidrmaste dygnen.

Ansvaret for den nationella driftled-
ningen i de olika nordiska linderna har
organiserats pd foljande sitt:

Danmark Jylland

ELSAM ir ett samarbetsorgan for
de sju regionala kraftforetag som svarar
for99%av elleveranserna pa Jylland och
Fyn.

ELSAM ansvarar for:

- Koordinering av den dagliga driften sa
att den samlade produktionsappa-
raten utnyttjas pa tekniskt och ekono-
miskt biista sétt.

- Drift och ¢vervakning av storkraft-
nitet pi Jylland samt samkdrningsfor-
bindelserna.

- Kraftutbyten med Sverige, Norge och
Visttyskland.

Danmark Sjalland

ELKRAFT idr ett samarbetsorgan
for de tre kraftforetagen som svarar for
kraftforsorjningen dster om Stora Balt.
ELKRAFT ansvarar for:

- Lastfordelning mellan kraftforeta-
gens kraftverk for att minimera
produktionskostnaderna med beakt-
ande av givna regler for leveranssi-
kerhet.

- Drift och 6vervakning av storkraft-
nitet pa Sjdlland samt samkornings-
forbindelserna.

- Kraftutbyten med Sverige.



Fig. 3. Interidr fran Kraftkontroll pa Vanenfall.

Finland

For elforsorgningen i Finland
ansvarer Imatran Voima Oy, IVO,
(45%), kommunaldgda kraftforetag
(15%) och industrin (40%).

IVO fungerar som nationell driftled-

ning och ansvarar for:

- Produktionsledning for egen produk-
tion och samkdrning med &vriga
foretag i Finland inom ramen for
samkorningsavial som syftar till att
optimera utnyttiningen av det finska
systemet.

- Drift och 6vervakning av storkraft-
niitet i Finland samt samkOmingsfor-
bindelserna.

- Kraftutbyten med Sverige, Norge och
Sovjet.

Norge

For elforsorjningen i Norge svarar
ett stort antal foretag dgda av stat, fylke,
kommun eller privat. Storsta elprodu-
centen d&r STATKRAFT som svarar for
27% av den norska produktionen.
SAMKI@RINGEN ansvarar for den
interna norska samkorningen mellan
elproducenterna. Malsittningen for
denna ir att efterstriva en rationell
utnyttjning av foretagens kraftverk,

formedling och utbyte av elkraft och
vad dirmed sammanhénger.
STATKRAFT ansvarar for kraftutbyten
med Danmark, Sverige och Finland.

Sverige

For elforsorjningen i Sverige an-
svarar Vattenfall (50%), kommunaldgda
kraftforetag (20%) och private foretag

(30%).

VATTENFALL fungerar som nationell

driftledning och ansvarar for:

- Produktionsledning for egen produk-
tion och samkoérning med Gvriga
foretag i Sverige inom ramen for
samkoOmmingsavtal som syftar till att
optimera utnyttjningen av det
svenska systemet.

- Drift och 6vervakning av storkraft-
nétet i Sverige samt samkorningsfor-
bindelserna.

- Kraftutbyte med Jylland och Finland.

- Kraftutbyte med Norge via samar-

betsorganet KSN placeratiansiutning
till Kraftkontroll.
KSN ér Kraftindustrins samarbets-
organ for Samkorning med Norge.
Dess funktion (som skots av Vatten-
fall) dr att samordna de fyra svenska
interessenternas onskemal om kraft-
utbyten med Norge.
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SYDKRAFT har ansvaret for kraftut-
byten med Sjilland och samordnar eget
och Vattenfalls intressen for dessa kraf-
tutbyten.

5. De dagliga nordiska
kraftaffirerna
Nordels rekommendation

Nordel rekommenderade 1971 rap-
porten «Driftsamarbete inom Nordel»
som utarbetats av Nordels Driftutskott.

Dennarekommendation innebdr att
berorda kraftforetag skall tillimpa
foljande principer,

—-att vid produktionsplaneringen
tillimpa den s k marginalvirdes-
principen, dvs. lita de olika produk-
tionsenheternas rorliga produkti-
onskostnader vara bestimmande
for utnyttjningen.

- att efterstrdva jamforbara berik-
ningsmetoder vid bestimning av
marginalvirdet.

- att ldgga kalkylerat kraftvirde till
grund for produktionsplanering
och dverenskommelser om kraft-
utbyten.



- att vid bilaterala kraftutbyten efter-
striiva en lika vinstfordelning.

- att vid kraftutbyten begréinsa priset
till ett visst belopp utover siljarens
produktionskostnad, s k pristak -
fn 75 SEK/MWh.

Sedan tillkomsten av rapporten har
Driftsutskottet lopande analyserat
kraftutbytena och stillt dessa i relation
till rapportens principer. I Nordels
arsrapport 1980 finns dessutom en av
Driftsutskottet framtagen specialartikel
om kraftaffirerna. Didr forklaras
niarmare vad marginalvirde (dven kallat
marginalkraftvirde, kraftvirde, gréins-
nétpris etc) ir.

Dessutom  har  Driftutskottet
1985-86 genomfort en omfattande
genomgdng av principerna for margi-
nalviirdesbestimning och prissétining
av tillfillig kraft. Man har hirvid rekom-
menderat att principerna skall fortsétta
att giilla och konstaterat att kraftutby-
tena fungerar mycket bra.

Malsdttningen for utbyte av till-
fallig kraft

Den overgripande malsdttningen
med elkraftsamarbetet dr att minimera
de totala produktionskostnaderna i
Nordelsystemet. Detta sker genom att
hela tiden efterstriva att produktions-
enheterna utnyitjas i kostnadsordning
fran de billigaste och uppat, oberoende
av i vilket land de finns, tills Nordelsy-
stemets totala elforbrukning &r tickt.
Produktionen inom ett land motsvarar
da sannolikt inte elkonsumentionen i
landet. En del av skillnaden utgdrs av de
fasta kraftutbytena. De dterstiende
skillnaderna utgor de otimala utbytena
av tillfillig kraft mellan linderna.

Utbytena av tillfallig kraft &r alltsd
medlet som kraftforetagen anviander for
att efterstriva madlet att den totala
produktionskostnaden skall bli sa ldg
som mdjligt.

Rent praktiskt och konkret innebér
det for kraftforetagen inom Nordel,

- att utnyttja den samlade vatten-
krauflten maximalt och soka undvika
spill.

- att utnyttia den samlade kirn-
kraften optimalt.

- att utnyttja fossilkraften i kostnads-
ordning.

Utbyte av tillfillig kraft dr dven ett
medel for Omsesidigt bistind nér brist-
situationer drabbar linderna. I sam-
band med t ex torrar i ett vattenkrafisy-
stem kan elransonering undvikas dér
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genom import av fossilkraft frin ett
virmekrafisystem under liglasttid. 1
samband med t ex storre drifistérningar
med leveransavbrott som foljd i ett
system kan normal drift snabbare dter-
stiillas med hjilp av import fran grann-
system.

Grundldggande forutsittningar

® Olikheter i kraftsystemen
Eftersom de nordiska lindernas
produktionssystem dr mycket olika, ar
forutsittningarna for utbyte av till-
fillig kraft mycket goda. Norge ér helt
vattenkraftdominerat och Danmark
helt virmekraftdominerat, medan
Sverige och Finland har en blandning
av vatten- och varmekraft. Den
danska virmekraften ér frimst kolba-
serad, den finska frimst kol- och kirn-
kraftbaserad och den svenska framst
kirnkraft- och oljebaserad.

Den danska och finska produkti-
onsapparaten ir effektdimensione-
rad. Detta betyder att om kraftstatio-
nerna ftillsammans kan klara arets
maximala elforbrukning finns inget
problem att ticka det totala energibe-
hovet forutsatt att briinsle finns till-
gingligt. Den norska och svenska
produktionsapparaten dr diremot
energidimensionerad. Detta betyder
att om darets elenergiforbrukning
klaras, finns inget problem med att
klara drets maximala elférbrukning.

Olikheterna 1  kraftsystemen
betyder att utbyte av tillf#llig kraft ger
stora vinster genom,

- att de stora variationerna i vatten-
kraftens  Arsproduktion kan
balanseras genom leverans under
torrar av fossilkraft fran effektdi-
mensionerade system, medan
under vAtir vattenkraft kan
exporteras till virmekrafisystem
med atfoljande mindre miljobe-
lastningar.

- att produktionsformigan i kirn-
kraften kan utnytijas bittre
genom vattenkraftsystemens
reglerformaga och genom att
ersitta fossilkraft

- att effektdimensionerade virme-
kraftsystem kan utnyttja effekto-
verskott i energidimensionerade
vattenkraftsystem under
hoglasttid och  ddrigenom
undvika att anvinda de dyraste
och minst miljovinliga enhe-
terna.

® Samkdrningsforbindelsernas kapacitet

Milet for dimensionering och
utbyggnad av samkorningsforbindel-
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Fig. 4. Kraftutbyten mellan Nordel-ldnderna
1980-1989.
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serna ir att etablera den samkornings-
kapacitet som #r ekonomisk och
sikerhetsmissigt motiverad med
hiinsyn till de samkorningsvinster
som kan goras. Detta kriterium
medfor att samkorningskapaciteterna
i speciella situationer ir otillrickliga
men i normala situationer helt till-
rackliga.

De samkorningskapaciteter som
f n existerar mellan de nordiska
linderna framgér av fig 5. Dessa anses
vara tillriickliga for att kunna erbjuda
mojligheter for mycket langtgdende
samkorning inom Nordel dir det
samkorande systemet i stort sett kan
betraktas som en enhet.

® Etablerade regler och principer

En forutsittning for val fungerande
kraftutbyten ir att det finns fast-
stillda och av alla deltagande parter
accepterade regler och principer for
verksamheten samt att det rader
stor oppenhet frin alla parter om
produktionsforhéllanden, produk-
tionskostnader m.m. Inom Nordel
tillimpas i huvudsak foljande
regler for utbyte av tillfillig kraft:

- Kraftutbytena beslutas bilateralt
mellan driftcentralerna i samko-
rande system och oberoende av
varandra. Besluten om olika bilate-
rala utbyten ir som regel ej synkro-
niserade och sker vid olika
tidpunkter.



Fig. 5. Overféringsformdgan pa de nordiska
samkorningsforbindelserna 1990,

ISLAND

- Deltagande i kraftutbyte ér frivilligt
och kommer till stind di bida parter
ar Overens.

- Marginalvirden skall beriknas
enligt av Nordel rekommenderade
regler. Reglerna foljs alltid av drift-
ledningarna.

- Information om verkliga marginal-
virden utvixlas oppet mellan alla
samkorande driftledningar.

- Kraftutbyten beslutas med iaktta-
gande av Overenskomna aviserings-
tider. Kraftutbyten kan beslutas for
langre perioder eller for en timme i
taget och dndras inom ramen for
aviseringstiden - som regel 1 timme.

- Vinsten av kraftutbytet delas lika
mellan képare och siljare vilket som
regel sker genom att kraftutbytet
prissittestill medelpriset mellan kp-
arens och siljarens marginalvirde.
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- Vid tillfédllen di képaren ej har nigot
eget alternativ i form av egen
produktion eller har extremt dyr
sddan, maximeras siljarens vinst till
hans produktionskostnad plus ett
vinsttak fn 75 SEK/MWh.

- Driftledning skall stindigt, dygnet
runt och dret runt, vara beredd att
triffa avtal om kraftutbyten och
kunna gora dirmed sammanhin-
gande atgarder i eget produktions-
system.

Forutsatt at marginalvirdena ir
ritt berdknade leder varje kraftutbyte
till lagre total produktionskostnad och
motiverar parterna till att gora de
vinstgivande kraftutbyten som syftar
till att nd biista totala produktionseko-
nomi.

Driftplaner fran Nordels
driftutskott

Ett av Driftutskottets ansvar-
somraden ér att sammanstilla krafibal-
anser och planer for driftplaneringsperi-
oden upp till tre 4r framét samt distri-
buera dessa som information till
lindernas driftledningar. Denna infor-
mation anvinds for lindernas driftpla-
nering och bedémning av utvecklingen
och kraftutbytesmajligheter pa sikt.

Foéljande kraftbalanser och planer
sammenstills och distribueras:

- Effekt- och energibalanser for de tre
nidrmast foljande kalenderdren. Dessa
illustrerar 1 stort kraftbalansens
utveckling pé lingre sikt i varje land.

- Planer ett ar framat for avstillningar
av storre virmekraftaggregat for arligt
underhéllsarbete.  Utifrdn  dessa
sammanstéillningar kan bedémningar
goras om mdjliga och limpliga
utbyten av tillfallig kraft som foljd av
dessa nddviindiga produktionsavstill-
ningar.

- Energibalanser sammanstills infor
och under innevarande driftsisong
vid tre olika tillfillen och avseende
perioden fram till nistkommande
varflod. Utifrin dessa kan sannolika
energiutbytesmdjligheter bedomas.

- Detaljerad effektbalans infor kom-
mande vinterperiod for varje land.
Hirur kan sannolika behov och
mojligheter for effektutbyten vid
hoglasttid bedmas.

Bilaterala driftledningsmoten

Driftledningarna i de olika linderna
triffas regelbundet i driftiméten dir de
bilaterala samkorningarna och deras
forutsittningar behandlas. Sddana drift-
moten halls ndgra ginger per ar for var
och en av de bilaterala samkorningarna:
- Sjilland-Sverige (Elkraft-Sydkraft-
Vattenfall).

- Jylland-Sverige (Elsam-Vattenfall).

- Finland-Sverige (TVO-Vattenfall).

- Norge-Sverige (Statkraft-KSN).

- Norge-Jylland (Statkraft-Elsam).

- Norge-Finland (Statkraft-IVO).

Vid dessa driftmoten avhandlas frimst

foljande fragor:

- Aktuell kraftsituation och krafiba-
lansen nirmaste sisongen.

- Planerade produktionsavstillningar
och ledningsavbrott.

- Overforingsbegransningar pi sam-
kérningsforbindelserna.

- Briinsleprisprognoser.

- Prognoser pi kraftutbyten for nir-
maste halvaret.

Viktigaste resultatet frin dessa drift-
mdten dr den kraftutbytesprognos som



Fig. 6. Rérliga produktionskestnader for
produktionstillgdngarna i kostnadsordning
fair tva lander.

SEK/MWh

4 LAND A
Country A

Laglast Low load

Hoglast Peak load

faststilles och som anvinds av respek-
tive driftledning i1 dess planering.
Viktiga resultat ar #ven eventuella
dndringar av tidpunkter for produk-
tionsavstillningar och lednignsavbrott i
syfte att minska totala kostnaderna for
dessa och vidmakthélla driftsdkerheten.

Veckovis informationsutvixling
I samband med driftledningarnas
detaljplanering av driften nistkom-
mande vecka utviixlas foljande informa-
tion:
- Stéirsta produktionsbortfall som kan
intréffa.
- Planerade ledningsavbrott.
- Qverforingsbegrinsningar pa sam-
korningsforbindelser och interna nét.
- Driftreserver.
- Prognos pa marginalvirde.

Lopande kraftaffarer

Med utgingspunkt frin ekonomiskt
optimerade produktionsplaner an-
svarar driftledningen i varje land for den
- l6pande kortsiktiga prognoseringen

av elforbrukningen,

- rullande omplaneringen av elkraft-
produktionen med hinsyn il
prognosfel, produktionsstorningar,
overforingsbegrinsningar etc.,

-kontinuerliga styrningen av elproduk-
tionen inom eget omrade si att den
egna kraftbalansen uppritthalls.

Driftledningarna bestammer l6pande

utifrin aktuell produktionssituation

och gillande produktionsplaner margi-
nalvirdet i sina respektive system och
utvixlar dessa varden mellan sig.

Med kiinnedom om de samkorande
systemens marginalvirden gors fortl-
pande dverviganden om forsiljning av
tillfillig kraft till land med hogre margi-
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4 LAND B

Country B

A
Laglast Low load MW
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Héglast Peak load

nalkraftvirde in det egna, respektive

kop fran land med ligre marginalvirde.

Telefonkontakt tas med berorda drift-

ledningar och Gverenskommelser

triffas om kraftutbyten

Overenskommelse om kraftutbyte

- skall triffas med hiinsyn till géllande
aviseringstid som regel senast en
timme fore kraftutbytets borjan,

- skall ange utbytesbelopp for en eller
flera timmar,

- skall ange pris i form av medelpris
mellan kopars och siljares marignal-
virden.

Kraftutbytet inrdknas sedan i kraftbal-

anserna for berérda ldnder och produk-

tionsstyrningen sker sedan med hénsyn
till kraftutbytet. Overvakningen av att

kraftutbytet kommer till stind i

tverenskommen omfattning sker i

Nordelsystemet genom att driftlednin-

garna i Danmark, Finland och Norge

anpassar  produktionsstyrningen i

respektive land sd att dverenskomna

overforingar pa samkorningsforbindel-
serna uppriitthalls.

Figur 6 illustrerar ett exempel pd hur
ett kraftutbyte kommer till stind.

Figuren visar produktionskost-
naden och effekten for kraftstationerna
i Land A och Land B ordnade i stigande
produktionskostnad SEK/MWh.,

Vid laglastalternativet producerar
linderna PA resp PB MW med margi-
nalvirdena K A och K. Omland A ékar
och land B minskar produktionen med
P MW blir vinsten Px (KB - K ). Detta
kan dstadkommas genom att kraftut-
bytet P gir frin land A till Land B.
Vinsten delas lika om kraftutbytet pris-
sdttes till

K_B*é_KA SEK/MWh

— 3=

Fallet vid hoglasttid innebir
diremot att kraft skall g frdn land B till
land A for att minska total produktions-
kostnad.

Exempletillustrerar att kraftutbytets
storlek och riktning helt beror pd de
samkorande lindernas kraftbalanser
och aktuella marginalvirden. Det finns
inga generella regler for vilken riktning
kraftutbytena har, men foljande natur-
liga monster ligger i grunden:

- Vid vatar gar kraftutbytenai huvudsak
frin vattenkraftsystem till virmekraft-
system och vid torrir motsatt riktning.

- Vid flédestider (varflod, hostflod) gar
kraftutbytet i regel frin vattenkraft-
system till virmekrafisystem.

- Under topplasttid gar kraftutbytet
som regel fran vattenkraftsystem till
virmekraftsystem.

- Vid laglasttid gar kraftutbytet oftafrin
virmekraftsystem till vattenkraft-
system.

Kraftaffirer i samband med
storningar

I samband med produktionsstor-
ningar erbjuder kraftutbytena mojlig-
heter att utnyttja reservkraft frin andra
linder till hjdlp for det land dir stor-
ningen intriffat.

Antag att ett kiirnkraftblock i Sverige
stoppar. Genom automatisk reglering
(Se avsnitt om frekvensreglering och
reserver) uppregleras den momentana
reserv som skall finnas tillginglig i de
olika linderna. Sverige maste ersitta
den bortfallna produktionen inom 15
minuter genom uppstart av snabb
reserv (som kan vara gasturbinproduk-
tion) vilken senare maste ersittas med
langsam reserv (som kan vara oljekon-
densproduktion). Bada dessa reserver
har hog produktionskostnad.

Som alternativ till gasturbinproduk-
tionen kan driftledningen i Sverige ta
kontakt med driftledningen i Norge och
tverenskomma om kop av stodkraft
frin Norge. Sadan stodkraft kan
tverenskommas utan aviseringstid och
vattenkraften i Norge kan uppregleras
snabbt. Stodkraften prissitts med
Norges marginalvirde plus maximalt
vinstpalidgg fn 75 SEK/MWh. Blir detta
pris ligre in kostnaden for den svenska
gasturbinproduktionen,  viljs  den
norska stodkraften.

Det svenska alternativet att ersitta
kirnkraftbortfallet pd lite ldngre sikt dr
oljekondensproduktion. Som alternativ
till denna kan driftledningen i Sverige ta
kontakt med driftledningen i t. ex.
Danmark och dverenskomma om ett
normalt kraftutbyte varvid svenskt olje-



kondensvirde jimfors med danskt
kolkondensvirde. Om det senare viirdet
ar ligre, viljs att Gverenskomma om
kraftutbytet.

Minga andra typer av felfall
hanteras pA motsvarande sitt. Detta
oavsett vilket land som drabbas och
oavsett vilken typ av stérning som
intréiffar.

I samband med storre drifistor-
ningar med leveransavbrott finns
mojligheterna att utan aviseringstid
overenskomma om stédkraftkop, vilket
gOr det mojligt ateruppta leveranserna
till kunderna snabbare. Prisittningen av
sddan stodkraft beslutas som regel i
efterhand.

6. Produktionsstyrning

Principer for produktionsstyrning
kan utformas pa flera olika sitt
beroende pé kraftsystemens karaktir. I
Nordelsystemet har en form valts som
tar tillvara fordelarna av den stora
andelen vattenkraft och som stimmer
vil med den decentraliserade besluts-
strukturen.

Det synkrona Nordel-nitet verkar
fysikaliskt som en enhet dir samman-
lagd inmatad mekanisk effekt till turbi-
nerna balanseras av belastningsef-
fekten. Systemet haren upplagrad rérel-
seenergi i de roterade massorna i
turbiner och generatorer. Denna
utnyttjas som buffert di balansen
rubbas. Generatorernas  elektriska
produktion foljer alltid belastningen.
Om denna plotsligt dndras och turbi-
nernas drivande effekt ér oftrindrad,
maste skillnaden himtas frin rorelse-
energin. Detta yttrar sig direkt genom
att varvtalet (nitfrekvensen) stiger eller
sjunker. Detta fortgar till dess att turbin-
effekterna #ndras si att balans ater
intrdder. Med undantag for de varia-
tionerifrekvens dvs. rirelseenergi, som
tilldits maste sdledes den drivande
effekten pa turbinerna stiandigt regleras
sd att den foljer belastningen och forlus-
terna i dverforingssystemen. Metoden
for att tekniskt och organisatoriskt skota
denna reglering sammanfattas i
begreppet produktionsstyrning.

Tekniskt sett indelas produktions-
styrningen i tvA moment:

- primérreglering,
- sekundérreglering.

Primdrreglering astadkommes
genom att ett stort antal aggregat har
turbinregulatorer som #ndrar vatten-
eller angflodet proportionellt mot
niitets frekvensavvikelse. Den samman-
lagda verkan av alle sddana ingrepp blir

Fig. 7. Vattenkrafien dr ldttreglerad men beroende
av de stora variationerna i nederbird.

Hydropower generation is easy contrallable but
depending on big variations in the precipitation.

enreglerrespons, eller reglerstyrka, som
miits i MW/Hz. En begrinsad lastind-
ring kan siledes regleras genom den
automatiska primérregleringen. Om
den totala reglerstyrkan dr kiind sé visar
den kvarstiende frekvensavvikelsen
hur stor effekt som den automatiska
regleringen bidrar med av den totala
produktionen.

Sekunddrreglering innebidr att storre
produktionsindringar normalt fGretas
genom manuella styringrepp. I vatten-
kraftstationer innebir det start eller
stopp av aggregat eller storre dndringar
av borvirdet for vattenforingen. For
viarmekraftblock sker det genom regle-
ring med viss hastighet (MW /minut) till
en avsedd niva.

Sekundirreglering initieras dels 1
samverkan med primérregleringen och
dels for att mota storre belastningsfor-
dndringar som forutsetts i produktions-
planeringsprocessen. I det forsta fallet
sker det da frekvensavvikelsen nidrmar
sig tillitna gréinser, 49,9-50,1 Hz.

Organisatoriskt 4r ansvaret for
produktionsstyrningens moment for-
delat enligt féljande.

Systemets krav pa tillrdcklig kapa-
citet for primirreglering tillgodoses

genom att den totala reglerstyrkan inte
fir understiga ett grinsvirde som
normalt ar satt till 6000 MW/Hz.
Ansvaret for att uppritthilla denna
méngd ér fordelat mellan linderna
proportionellt mot Aarsforbrukningen

enligt
Norge 1940
Sverige 2630
Finland 1160
Danmark 270
6 000 MW /Hz

Inom Danmark deltar endast Sjil-
land i Nordelsystemets kontinuerliga
frekvensreglering.

Det iligger varje nationell driftled-
ning att 10pande svara for att landet
héller sin del av reglerstyrkan. Om detta
leder till stora kostnader pga. forluster
eller icke optimal produktionsfordel-
ning, finns mdjligheten att gora bilate-
rala dverenskommelser. Overskott pa
billig reglerstyrka i ett land kan da till-
godoriknas ett annat. Detta kan ske
med eller utan ekonomisk kompen-
sation enligt parternas énskan.

Fordelning av kraven mellan kraft-
foretag inom respektive land sker enligt
prinicper som utformas internt.



Fig. 8. Kdrnkraften utgor en basproduktion som
utnyitjas fullt storre av dret och har hig
tillganglighet.
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The nuclear power is used as a basic generation
with full utilization during most part of the year
and with high availability.

Primir- och sekundirreglering bor
ses som en integrerad process dir
arbetet med att reglera lastvariationerna
fordelas mellan automatiska och
manuella ingrepp. Detta sker konti-
nuerligt i en stindig vixelverkan.

I ett stort synkront system samman-
lagras verkan av belastningens cykliska
och slumpvisa varationer till en
gemensam last som produktionssy-
stemet maste folja. Frinsett overfo-
ringsforlusterna sa har ett givet reglerin-
grepp samma verkan pa effektbalansen
oavsett var i nitet det foretas.

I Nordelsystemet méste emellertid
hidnsyn tas till overforingsbegrins-
ningar och till produktionsekonomiska
forutsidttningar for korttidsreglering
inom varje land. Den grundliggande
principen dr darfor att varje land &r
ansvarigt for den sekundirreglering
som den egna belastningen kriver.

Det betyder att det i varje land ska
vara mojligt att reglera ut bade de kraf-
tiga dygnsvariationerna och de oregel-
bundna trenderna i t. ex. till foljd av
viaderomslag. De mera slumpmissiga
variationerna ska ddremot kunna tas
om hand av primérregleringen si langt
som dverforingsgrinserna medger.

Regleransvaret ir i allmédnhet vida-
refordelat till de kraftforetag som deltar
i samkorningen inom respektive land.
Dérigenom &r det totala reglerarbetet i
mycket hog utstriickning decentrali-
serat.

De grundliggande produktionseko-
nomiska besluten for hur reglerarbetet
ska utforas fattas sjilvstiindigt inom de
olika kraftforetagen.

Produktionskapaciteten for varje
kraftforetag ér tekniskt och ekonomiskt
dimensionerad efter den egna belast-
ningens storlek och karaktir. I den kort-
siktiga produktionsplaneringen beaktas
aktuella belastningsforehéllanden samt
reglerbarheten i de olika produktions-
anldggningarna.

De ekonomiska forutsiitiningarna
for reglering kan variera betydligt under
dret framfor allt beroende pa vattenkraf-
tens tillrinningsforhallanden. Genom
att utnyttja mojligheterna till utbyte av
tillfillig kraft inom och mellan linderna
kan stora kostnadsbesparingar uppnas.
Dessa kraftutbytens variationer i
omfattning och pris avspeglar darfor
ocksé de aktuella forutsittningarna for
kortsiktig reglering i Nordelsystemet.

Foratt den decentraliserade besluts-
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strukturen ska kunna fungera inom
ramarna for den tekniska driften av
Nordelsystemet, krdvs en ldpande
bevakning av att vissa kriterier uppfylls.
Det ir primért de nationella driftlednin-
garna som ansvarar for att si sker.

De viktigaste kriterierna &r:

- att natfrekvensen ar inom 49,9-50,1
HZ!

- atttidsavvikelsen inte dr storre 4n +10
sek,

- att Overforingsbegrinsningarna inte
dverskrids.

Niitfrekvensen avspeglar hur regler-
arbetet fordelas mellan primér- och
sekundirreglering  inom  Nordel-
systemet i sin helhet. Den siger
diremot inget om hur regleringen
fordelats mellan delsystemen eller hur
fordelningen péverkat Gverforings-
forhallandena. Som ett Gvergripande
mitetal har dirfor begreppet instill-
ningsfel formulerats.

Instillningsfelet, I, definieras enligt
foljande ekvation

Ii =APj + Rj- Af
- AP;j dr den summerade avvikelsen i
MW mellan verklig effekt och avtalad
effekt pa samkorningsforbindelserna
frin delsystem i till Gvriga delsystem.
-Rj dr sammanlagd reglerstyrka
Mw/Hz inom delsystem i.
- Afir frekvensavvikelsen fran 50,0 Hz
for hela systemet.

Instillningsfelet driforsta hand rele-
vant for delsystemen. For hela systemet
giller att overforingsavvikelserna tar ut
varandra, dvs.

)iZ P,=0
och ekvationen reduceras till
I=3 R -Af
dvs. instillningsfelet visar primérregle-
ringens utnyttjning som det beskrivits
ovan.

Norge och Sverige har ett delat
ansvar [Or att frekvensavvikelsen inte
Overskrider tillitna grinser.

I sdrskilda riktlinjer for frekvens-
reglering och produktionsstyrning i
normaldrift som godkindes av Drift-
utskottet 1979 fastlades ramarna for
instillningsfelets tillitna variationer.
Huvudsyftet med att formulera dessa
ar att:

- trygga tillfredsstillande kvalitet pa
nitfrekvens och synkrontid.

- mojliggéra en forbitiring av total-
ekonomin i det nordiska elkraftsy-
stemet samt tillita en rimlig fordel-
ning av den uppkomna vinsten.

- mojliggéra bidsta utnyttjning av de
nationella  produktionsapparaterna
och dverforingsnéten.



Fig. 9 Fossilkraft uinytiias normalt i Danmark
och Finland men utnyttjas vid torrdr dven som
energireserv for hela Nordelsystemer.
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- mojliggéra hog utnyttjning av
samkorningsforbindelserna  mellan
de nordiska linderna.

Samtidigt ger dessa riktlinjer en
bittre precision av produktionsstyr-
ningenioch med att det klarare framgar
vem som svarar for eventuella stora
regleravvikelser och som dérfor bor
gora atgirder.

Det finns inga direkta ekonomiska
sanktioner kopplade till utnyttjningen
av de frihetsgrader som principerna for
instillningsfelskdrning medger. 1 den
ordinarie avrikningen registreras emel-
lertid timviirdena pa avvikelseenergin
mellan avtalade och verkliga utbyten.
Prissittning av denna ej avtalade kraft dr
inte lika for alla samk&rningsforbin-
delser. P4 vissa prissitts avvikelser s att
det ekonomiskt belastar odnskade
utbyten.

Inom de enskilda linderna finns
olika system for att internt identifiera
och prissitta avvikelser frin planerade
kraftutbyten mellan samkoérande
foretag. I allménhet dr de uppbyggda sd
att de ekonomiska konsekvenserna
klargérs redan i driftskedet. De utgor
didrmed ett styrningsinstrument for de
nationelladriftledningarna. Dirigenom
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Fossil-fueled generation is normally used in
Denmark and Finland but will during dry years
also be used as energy reserve for the total
Nordelsystem.
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kan korrigerande atgirder for kraftba-
lansen astadkommas pa ett produk-
tionsekonomiskt och fordelningsmés-
sigt riktigt sitt.

Beskrivningen av produktionsstyr-
ningens struktur kan i korthet samman-
fattas som att det grundliggande
ansvaret for att reglera de stora belast-
ningsvariationerna dr delegerat till varje
enskilt kraftforetag. Inom kraftfore-
tagen bedrivs en omfattande produk-
tionsplanering pd ling och kort sikt.
Den kortsiktiga planeringen bedrivs
framtill de ndrmaste timmarna. Genom
planeringsprocesserna  uppnis en
optimal utnyttjning av produktionsre-
surserna. Mojligheterna for utbyte av
tillfdllig kraft inom hela Nordel
utnyttjas for att utjimna och minska de
totala kostnaderna for att reglera belast-
ningsvariationerna.

Fordelarna med det samkorande
Nordelsystemet tillvaratas genom att
slumpvisa belastningsvariationer kan
tas om hand av de samlade resurserna
for primérreglering  (reglerstyrka).
Nordelsystemet dr gynnat genom den
stora andelen vattenkraft. Vattenkraft-
stationerna #r tekniskt och vattenfo-
ringsméssigt utformade for enkel kort-

tidsreglering (sekundirreglering). Vid
normal drift vid bdsta verkningsgrad
finns en marginal for reglerstyrkan att
verka pd. Med bidrag frin madinga
stationer astadkommes en tillricklig
kapacitet for behovet av primirregle-
ring och storningsreserv till mycket laga
kostnader.

7. Produktionsreserver

For att uppfylla rimliga krav pé drift-
sdkerhetikraftsystemet maste reservka-
pacitet finnas tillgdnglig for att mota
plotsliga péfrestningar som uppstar.
Driftsdkerheten utvirderas generellt
enligt principen at s k dimensionerade
felfall identifieras och att man siker-
stéller att systemet klarar ett sidant fel
utan att visentliga leveransavbrott
uppstar.

Produktionsreserver ska finnas till-
gingliga foratt primart klara storningar i
effektbalansen. I vissa fall stélls krav pa
lokalisering inom delar av nétet dit dver-
foringsformégan dr eller kan bli
begrinsad genom en storning.

Reservernas tillgdnglighet forut-
sdtter att de har beaktats i driftplane-
ringen av  produktionsenheternas
utnyttining. Kraven pa reserver maste
dérfor uttryckas pé ett systematisk sitt.

Inom Nordelsystemet tillimpas
foljande metodik for att kvantifiera
reserver av olika karaktar.

Inom begreppet driftreserv gors en
dtskillnad mellan normaldriftreserv och
storningsresery:

- Normaldrifireserv ska vara tillgéinglig
for frekvensregleringen och for att
tdcka prognosavvikelser.

- Storningsreserv ska kunna utnyttjas
vid storningar i effektbalansen eller i
overforingssystemet.

Kraven pé aktiveringstid uttrycks for
bade normaldrift- och stérningsreserv
genom indelningar i:

- Momentan reserv. max 30 s.

- Snabb reserv max 15 min.

- Langsam reserv max 4 h.

Det grundliggande ansvaret for att
bestimma och uppritthilla nddvindiga
reserver dvilar de nationella driftlednin-
garna.

Kapaciteten 1 det samkorande
Nordelsystemet medger dock att den
momentana aktiva reserven samordnas
sd att reserv inte maste héallas samtidigt
forallaldnders dimensionerande felfall.
For att tidcka bortfall av den storsta
produktionsenheten kan effektbidrag
frin nitets alla delar tillgodoriknas.
Likasi kan normala belastningsforind-
ringar tas om hand av den samlade
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Regler- Frekv. |Dimension-| Fordel- Mom.
styrka regl. nerande ning storn.
reserv felfall % reserv
Norge 1940 194 900 26 247
Sverige 2630 263 1150 34 323
Finland 1160 116 700 21 200
Danmark 270 27 650 19 180
6000 600 100 950
reglerstyrkekapaciteten enligt avsnittet angrinsande system om att samordna
om produktionsstyrning ovan. reservhillningen. Omsesidiga dverens-
Produktionsbortfall antas vara kommelser kan ocksa goras om hjilp i

oberoende av Ovriga nitfel. Reservbi-
dragen kan dirfor 6verforas inom de
marginaler som krivs for att klara fel i
Overforingsniten.

Samordningsmojligheterna har
utnyttjats for att radikalt minska
reservhillningskostnaderna. For den
momentana normaldriftreserven, eller
frekvensregleringsreserven, dr kraven
for varje land kopplade till kravet pé
reglerstyrka. Reserven skall vara tillgén-
glig da frekvensen varierar &= 0,1 Hz.
Kraveti MW blir ddrmed 0,1 x kravet pa
reglerstyrkani MW/Hz. Frekvensregle-
ringsreserven #ar sdledes forutsitt-
ningen for priméiirregleringen som den
har beskrivits i avsnitt 6.

Den momentana storningsreserven
dimensioneras l6pande efter det storsta
av de olika lindernas dimensionerande
felfall. Bestimningen utfors veckovis
eller oftare om forutsiittningarna for-
indras. Reservkravet fordelas pa
linderna proportionellt mot respektive
egna felfall.

En mdjlig fordelning av de gemen-
samma reserverna kan illustreras av
foljande tabell.

Danmarks bidrag till stérningsre-
serven uppfylls delvis av automatisk
reglering av likstromsforbindelserna till
Jylland.

Om den momentana reserven tas i
ansprak skasnabb reserv finnas tillging-
lig for att ater frigbra den momentana
inom 15 minuter. Dirmed Overgir
ansvaret for att kompensera stérningen
till driftledningen for det land dér den
intrdffar. Snabb och lingsam reserv
behover dirfor finnas inom resp land
och dimensioneras efter lokala forhal-
landen. Négon ytterligare samordning
av dessa reserver bedrivs darfor inte
rutinméssigt p& Nordelniva.

P4 grund av den geografiskt centrala
positionen har Sverige genom Vatten-
fall uppgiften att samordna rutinerna
for planering och Gvervakning av de
gemensamma reserverna.

Bilaterala Overenskommelser kan
triffas mellan driftledningarna for

form av stodkraft ndr storningar
intriffar. Det innebir att kraft kan leve-
reras med mycket kort varsel for att
reducera kostnaderna for att aktivera
mycket dyra produktionsreserver.

De nationella driftledningarnas
uppgifter for hantering av driftreserver
ar foljande:

- Identifiera dimensionerande felfall.

- Veckovis meddela till Vattenfall forut-
sattningarna for reservsamordningen
och reglerstyrka.

- Vattenfall ska veckovis meddela
aktuella krav pa reserverna.

- Bevaka att driftsreserverna beaktas i
produktionsplaneringen.

- Overvaka att de stéllda kraven pa det
egna landet uppfylls.

- Overvaka att krav som vidarefordelats
till andra kraftforetag uppfylls.

8. Overforingsformdga

Nordelsystemets geografiska utbred-
ning har krivt att mycket linga ledningar
byggts for att binda samman ldnderna
och deras avligsna delar. For de natio-
nella niten och samk&rningsforbindel-
serna maste dirfor stor uppmirksamhet
dgnas 4t overforingsforhillandena i
planerings- och driftskedet.

De problem som hidnger samman
med hoga Overforingar pa langt
utstrackta nét ar framst:

- Dynamisk och statisk stabilitet.
- Spidnningsstabilitet.
- Termiska Overlaster.

I tidigare stadier har Nordelsystemet
i hogre grad varit kinsligt for dynamisk
och statisk instabilitet. Niten har efter
hand forstirkts vilket har medgivit
hogre dverforingar. Kiinsligheien har da
alltmer forskjutits till formagan att
uppritthalla spinningen vid anstringda
forhillanden.

De reaktiva effektforhillandena for
att undvika spidnningskollaps har
dirmed uppmirksammats.

Termiska Overlaster intrider mest
som begriansningar vid onormala drift-
ldagen.

Utbyggnaden av niten har baserats
pid produktionssystemets utveckling
och de overforingsbehov som foljt
didrav.  Samkorningsforbindelsernas
kapacitet har motiverats av den ekono-
miska samkdrningsnyttan.

Overforingsformagan i systemets
kritiska snitt relateras alltid till en
onskad driftsdkerhetsniva. Den byggeri
sin tur pa svirighetsgraden pa de stor-
ningar som systemet ska klara. Inom
Nordel har detta specificerats i de tidi-
gare nimnda «Dimensioneringsre-
glerna for det samkorande nordiska
niitet.

Idimensioneringsreglernaangesi
vissa fasta kriterier vilka nitfel som
skall kunna intriffa vid maximalt
tillitna Overforingsniviaer utan att
systemets formdiga att uppriitthélla
kraftleveranserna dventyras. Krite-
rierna uttrycker diarmed att en viss
liten risk accepteras for att dnnu
svéarare fel kan leda till omfattande
storningar. andra sidan kan
systemet tdla dessa svarare fel under
de tider pa dygnet och dret da Gverfo-
ringarna &r ligre.

Driftsikerhetsnivan som faststillts
vid utbyggnaden ska ligga till grund
dven for systemets driftprinciper. Detta
bedoms teoretiskt ge en optimal utnyttj-
ning av systemet ur ekonomisk och
driftsikerhetssynspunkt. De stora
variationerna 1 forutsittningar for
driften gor dock att driftsikerhetsnivan
varierar i driftskedet i forhallande till
planeringsskedet.

De nationella driftledningarna
ansvarar for driftsikerheten inom sina
egna Overforingsniit. De har dirigenom
befogenheter som pé olika siitt griper in
i de samkorande kraftforetagen inom
respektive land. Huvudfunktionerna
for driftledningarna ér:

- Faststiilla och dvervaka overforings-
begrinsningar.

- Faststiilla och Overvaka driftreserver
for aktiv och reaktiv effekt.

- Beordra kopplingar i niitet.

- Planera och godkinna att anldgg-
ningar tas ur drift.

— Svara for korrekt bortkoppling av fel
genom relidskydden.

- Svara for instillning av automatik-
funktioner i systemet.

- Analysera storingar och vidta avhjil-
pande atgirder.

- Utfiirda instruktioner for driftatgérder.

For samkoOrningsforbindelserna ar
ansvaret delat mellan driftledningarna
i respektive system. De samverkar
lopande for att gemensamt bestimma i



fragor som faller inom de nimnda funk-
tionerna. Beslut fattas séiledes pa bila-
teral nivd. Ndgon Overordnad besluts-
niva finns inte inom Nordel. Inom de
gemensamma organen som Driftut-
skottet och dess arbetsgrupp for
systemfragor, NOSY, diskuteras och
faststlls riktlinjer som stod for besluts-
fattandet inom driftledningarna.

Driftledningarna behover effektiva
hjdlpmedel for att analysera och Over-
vaka systemets driftforhillanden.
Bestiimning av overforingsformaga och
reliskyddssamordning krdver omfat-
tande beriikningar med datoriserade
hjilpmedel. De flesta berdkningarna
forutsitter att hela Nordelnétet dr repre-
senterat. Det kréver att stora mingder
tekniska data utbyts mellan linderna.
Detta underlittas i hog grad av att de
drift- och planeringsansvariga avdelnin-
garna inom Nordel utnyttjar samma
beriikningsverktyg for analys av syste-
mets statiska och dynamiska egen-
skaper.

De driftmissiga analyserna inriktas
pd att i de aktuella produktions- och
driftférhillandena faststilla mojlig
overforingsforméaga. Sarskild vikt maste
liggas vid onormala driftligen som
planeras for underhdlls- eller ombygg-
nadsarbeten. I berikningarna simuleras
de felfall som ingér i driftsikerhetskrite-
rierna. Arbetet utmynnar i riktlinjer for
driftreserv, instillning av skydd och
automatiker m.m. som forutsiitts for att
kunna utnyttja angiven Overforings-
formaga i systemets olika snitt.

Hjilpmedlen for driftévervakning ar
idag viil utbyggda hos de ansvariga drift-
ledningarna. Arbete pagar for att
utvidga informationsutbytet mellan de
nationella driftcentralerna. En 6mse-
sidig momentan uppdatering blir da
mojlig om forhillanden som dr viktiga
for utvirdering av driftsikerhet och
kraftutbyten pa samkorningsforbindel-
serna.

9. Natvarn

For att i vissa anstringda drift-
tillstind kunna astadkomma omdel-
bara ingrepp i kraftsystemet sd har ett
antal  automatikstyrda  funktioner
inforts utover de reguljéra reliskydden.
Begreppet nétvdrn har tidigare bara
anvints for nigra av dessa. En strikt
definition har visat sig svar att uppna. I
detta sammanhang kan det dock vara
motiverat att redovisa de automatik-
styrda ingreppen samlat.

Aktiveringen av nitvirnen sker i
huvudsak av fyra kriterier:

- 13g eller hog frekvens.
- lag eller hog spanning.
- aktiverade reldskydd.

- detekterade pendlingar.

F n dr det endast indikeringar frin
reldskydd som overfors via telekommu-
nikationer for aktivering i andra
avlidgsna stationer. Ovriga funktioner
bygger pa lokal mitning.

Filjande funktioner aktiveras av onormal

frekvens:

® Belastningsfrankoppling, BFK.
Sammanlagt ca en tredjedel av elkon-
sumtionen i Nordelnitet kan kopplas
bort vid underfrekevens i omradet
mellan 49,0-47,5 Hz for att mita en
plotsligt uppkommen effektbrist.

® Generatorer i synkrondrift.
Ca 1900 MW i vattenkraftaggregat
kan overgd i aktiv produktion vid
underfrekvens.

® Pumpkraftstationer.
Ca 900 MW i pumpkraft kan avbrytas
vid underfrekvens for overgang till
produktion.

® Elpannor.
Ca 1500 MW i tillkopplade elpannor
och sliperilast i Sverige och Finland
kan bortkopplas vid underfrekvens.

@ Nideffekt pa likstromsforbindelser.
Vid frekvensavvikelser inom endera
det kontinentala UCPTE-systemet -
Jylland eller det synkrona Nordelsy-
stemet aktiveras nodeffektleveranser
enligt forinstillda  kriterier pé
likstromsforbindelserna mellan
Jylland och Norge/Sverige. Leverans
till Finland frin forbindelsen med
Sovjet avbryts vid onormalt hog frek-
vens.

® Start av gasturbiner.
Ca. 1200 MW gasturbiner kan startas
automatiskt vid underfrekvens.

Filjande funktioner aktiveras av onormal

spéinning:

® Koppling av reaktorer och shuntbatte-
rier.
Automatiken ingriper vid avvikelser
utanfor det normala regleromradet.

® Bortkoppling av belastning.
Tillimpas i mindre omfattning i
Finland.

® Reglering av likstromsforbindelser.
Aktivering kan ske av Skagerrak och
Kontiskan 2 forbindelserna vid
lagspinning i Norge resp Sverige.

Foljande funktioner aktiveras av reli-

skydd:

® Produktionsbortkoppling.
Ett stort antal generatorer i Norge,
norra Sverige och i viss min i
Danmark kan viljas for bortkoppling
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Fig. 10. Frekvensstyrda atgdrder i Nordelsystemet.

Frekvens (Hz)

Frequency (Hz)

Sekunder
Seconids

0 10 20 30 40

vid fel i dverforingsnitet. Atgérder
vidtas for att undvika stabilitetssvikt
pga. forsvagade nit.
® Natindelning.

Uppdelning av nitet i frisviivande 6ar
sker vid vissa nitfel for att undvika
stora Overlaster och okontrollerade
kaskadutlosningar. Det tillimpas
frimst i Norge och Danmark for stora
nitdelar. Kriterierna kan ocksa vara
onormal frekvens och spinning eller
pendlingar.

Filjande funktioner aktiveras av system-

pendlingar:

® Dampreglering i SVC-anldggningar.
Tyristorreglerade utrustningar for
spinningsreglering nyttjas for att med
styrda lastvariationer dimpa pend-
lingar.

® Dimpreglering i likstromsforbindelser.
Dimpverkan dstadkommes genom
overlagrade motpendlingar i den
overforda effekten. Utnyttjas f n for
Fenno-Skan.

Ansvaret for nitvirnens funktion
och instillningar ligger hos de natio-
nella driftledningarna. Deras system-
missiga verkan samordnas vid diskus-
sioner mellan driftledningarna, med
interna experter och inom NOSY-

gruppen.
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ordel, founded in 1963, is an
Nassocialion 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
electricenergy in the Nordic countries

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

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

Iceland

— 40—

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.



he boom seems to have peaked
early in 1989 in the OECD area
after relatively strong growth in

the two preceding years. It is estimated
that GNP for the OECD area increased
by 3.6% in 1989 as against 4.4% in 1988.

Investment and exports continued
to show strong growth, but develop-
ments in the individual countries were
to some extent very varied. In West
Germany and Japan growth was main-
tained at a high level, while there was a
clear decline in the USA and Great
Britain.

Inflation in the OECD area was
higher in 1989 than in the previous year,
but throughout the year its growth
levelled out and it is anticipated that it
will remain stable. There was a slight
drop in unemployment. In West
Germany unemployment figures
dropped by about 0.5% to about 5.6% in
1989. while there was a drop of about
1.7% to about 6.5% in Great Britain.

Economic development in the Scan-
dinavian countries was still rather
varied in 1989. This year too, Finland
experienced the highest economic
growth, with a 4.9% increase in GNP.
The development of the Danish
economy stabilized and GNP increased
by about 2.9% in 1989. Sweden and
Norway saw a GNP increase of 2.0%
and 2.3% respectively. Iceland was still
sliding economically, with a drop of
2.5% in GNP, very high inflation and an
increase in consumer prices of 25.2%.
Rise in prices were 6.5% in Sweden and
Finland, while they were more mode-
rate in Denmark and Norway, 4.7% and
4.6% respectively.

Within Scandinavia unemployment
remained highest in Denmark at a level
of 9.29% at the close of 1989. In Norway
unemployment rose rapidly in the
course of the year, and amounted to
4.9% of the work force as an annual
average. In Finland unemployment was
reduced by about 1% to 3.5% in 1989.
Sweden and Iceland continued to have
low unemployment, 1.4% and 1.7%
respectively.

The main impression of recent years
has been that the Nordel area has seen
higher price rises than the OECD area
and that unemployment has been
substantially lower.

Total power consumption in the
Nordel countries also saw a moderate
increase in 1989, and was only 0.4%
higher than in 1988. Gross consumption
was 324.7 TWh, not counting 13.5 TWh
of occasional power supplied to electric
boilers. The patterns of development in
the individual countries differed
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slightly. Consumption increased in
Denmark and Finland by 1.7% and in
Iceland by 0.8%. Sweden consumed the
same amount as in 1988, while Norway
saw an insignificant drop of about 0.2%.
Sweden had the highest power
consumption at 131.2 TWh. Consump-
tion in Norway was 98.8 TWh, in
Finland 59.5 TWh, in Denmark 30.9
TWh, and in Iceland 4.3 TWh.

Hydropower is the predominant
type of power production in the Nordel
area. In 1989 it accounted for 206.6 TWh
or 61.6% of a total production of 335.4
TWh. Norway has the highest percen-
tage of hydropower, with a production
record of 118.6 TWh in 1989. Hydro-
power production in Sweden was 71.0
TWh, in Finland 12.8 TWh and in
Iceland 4.2 TWh. Denmark’s hydro-
power is negligible, but it has wind-
power resources that reached a produc-
tion level of 0.5 TWh in 1989.

Nuclear power is also substantial,
and accounted for 80.8 TWhor24.1% of
overall production. Sweden produced
62.8 TWh and Finland 18.0 TWh of
nuclear power. Other thermal produc-
tion in the Nordel area amonted to 47.5
TWh or 14.2% of total production,

i

mostly in Denmark, Finland and
Sweden. Coal was the major fuel, while
natural gas and oil accounted for
smaller percentages.

Power exchanges among the Nordel
countries were very high this year, total-
ling 28.5 TWh, the largest volume of
exchanges yet registered. Exchanges
accounted for 8.5% of total production.
Sweden and Denmark had the highest
imports, at 12.1 TWh and 1.6 TWh
respectively. Norway had the highest
exports, 15.4 TWh, followed by Sweden
with 12.5 TWh. The major net importer
within Nordel was Denmark, with 11.4
TWh. The biggest net exporter was
Norway, with 14.9 TWh. In 1989 Finland
had net imports of 4.0 TWh from
Nordel countries, while Sweden had
net exports of 0.5 TWh.

In addition to these exchanges,
Finland imported 4.8 TWh from the
Soviet Union. Denmark had a net
export of 1.9 TWh to West Germany. In
the overall view Nordel showed net
imports because of the imports from the
Soviet Union.

- Nordel . lTeeland m Outside Nordel
—
W Denmark Norway
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Nordel's Act

ordel held its annual meeting in

Imatra on the 24th of August

1989. Atthe meeting, the annual
report for 1988 was discussed, as well as
current electric power issues in the
Nordic countries and the power situa-
tion for the coming three years. The
sitting committees reported on their
activities for the past year and submitted
their plans for the coming years. The
activities of the committees and the
contact persons and groups reporting
directly to Nordel were discussed.
There was a report on international
contacts.

The organization of Nordel’s efforts
on environmental issues was discussed.
A working group had drafted a proposal
which Nordel approved. Nordel
dissolved the Thermal Power
Committee and acted to form a new
committee, the Environment and
Production Committee, to reinforce
efforts on environmental issues. Nordel
further resolved that the Operations
Committee and the Planning
Committee should include environ-
mental issues in their working sche-
dules.

Nordel discussed its contact with
developing countries, and guidelines
for this involvement were approved.
Nordel cooperates with the Nordic
foreign aid organizations in its contact
with developing countries. In May 1989,
Nordel was responsible for the presen-
tations in a seminar for delegates from
six Central American countries. All the
Nordic countries were visited.

Anders Palmgren from Finland,
Ove W. Dietrich from Denmark and
Ragnar Myran from Norway were
elected to new membership in Nordel,
replacing Pertti Voutilainen, Preben
Schou and Arne Finstad respectively.

The chair of the Operations
Committee passed from Finland to
Sweden according to the order of rota-
tion. Anders Palmgren stepped down,
and Gunnar Alfors was elected
chairman of  the Operations
Committee. A Danish chairman was
elected to chair the new Environment
and Production Committee for the first
three-year period. Carl-Erik Lundgren
was later appointed to the chair.

Representatives from Nordel had
their annual meeting with the official
commitiee for energy policy of the
Nordic Council of Ministers on 5
December 1989 in Copenhagen. This is
part of the cooperation with the Nordic
energy authorities, providing a mutual
exchange of information and discus-
sion of current issues.
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There was no need for an additional
meeting to follow up the annual
meeting. Instead, a meeting of chair-
men and secretaries was held on 8
February in Oslo, at which the activities
of the committees and the secretariat
were discussed.

Operations Committee

The Committee has continually
dealt with joint operation matters, such
as the power situation in the Nordic
countries, power interchange between
the countries, reliability and opera-
tional matters, and disturbances in the
Nordic power system. To enable an
assessment to be made of the power
situation during the coming three years,
power and energy balances were drawn
up for this period.

The power situation during the early
part of the year was unique. The extre-
mely mild weather resulted in low elec-
trical energy consumption, and the very
high precipitation laid the foundations
for an excellent hydro power situation.
The latter part of the year turned out to
be distinctly wet, with realtively mild
weather and low rate of consumption
increase. The unusual water situation
led to power interchanges of record
magnitude between the countries
during the year, and a record reduction
in the energy generated by nuclear
POWET.

The temperature-corrected con-
sumption increase (running 12-month
value) in Denmark, Norway and
Sweden was around 2%, whereas the
increase in Finland amounted to 3.5%.
The temperature-corrected increase for
the Nordel system asa whole amounted
to around 2.5%.

The water inflow during the first half
year was very much higher than normal
in all three hydro power countries. In
the beginning of the year, Norway had
water inflow of the same magnitude as
the total hydro power generation, which
is exceptional. The spring floods began
about 2 weeks earlier than normal, and
the lowest reservoir level before the
spring floods was 25 percentage units
higher than normal in Norway, 12
percentage units higher in Sweden and
7 percentage units higher in Finland.
During the latter part of the year, the
water inflow was normal, and the total
inflow over the year in Norway, Sweden
and Finland were 120, 117 and 110% of
normal. 1989 was thus a distinctly wet
year.



More than 6 TWh of power balance
spillage occurred during the year, princi-
pally in Norway.

The reservoir contents were largely
normal in all three hydro power coun-
tries, both at the beginning and at the
end of the year.

Nuclear power continued to
perform very well. The availability was
very high, and this patternis continuing.
The Ringhals 1 and 2, Forsmark 3 and
Oskarshamn 3 units were uprated
during 1989. The energy generated by
nuclear power during the year was more
than 9 TWh lower than the year before,
principally in Sweden, due to the
extreme hydro-power situation.

Prices of coal increased slowly
during the year, whereas the cost of oil
increased substantially, mainly during
the latter part of the year.

Due to the unique water situation,
Norway exported maximum power
over long periods of time to Jutland and
Sweden, whereas Sweden exported toa
maximum extent to Finland, Jutland
and Zealand.

The power interchanges during the
year were of record magnitude, with a
total turnover of 28.5 TWh, which is
around 8.3 TWh more than the earlier
record (1983).

The net interchanges during 1989
were as follows:

Norway — Jutland 3.8 TWh
Norway - Sweden 11.0 TWh
Sweden — Denmark 7.6 TWh
Sweden - Finland 3.9 TWh
Norway — Finland 02 TWh

A detailed power balance analysis
for the 1989/90 winter period has been
drawn up. The power reserve within
each sub-system (own reserve and
reserve available across the intercon-
necting links) is considered to be satis-
factory for each sub-system in the fore-
cast peak-load situation.

The power and energy balances
compiled by the Operations Committee
for the next three years (1990-1992)
show that the balances are acceptable.

The Operations Committee’s
working committee for system matters
(NOSY) has pursued further work on
operational analyses for the Nordel
system. The work of the committee has
included:

- specifying and updating current trans-
mission limits on the interconnecting
links.

- following up the work of setting the
damper accessories used to prevent
system instability.

- drawing up comments for the Plan-

ning Committee’s review of the
Nordel grid design rules.

- supplementing the demands on
instantaneous disturbance reserve in
terms of control characteristics.

- compiling rules for controlling the
voltage and reactive power, and
evaluating how the risk of voltage
failure is taken into account in these
rules.

-compiling particulars of all existing
network protection functions in the
Nordel system, and devoting further
work to the expansion of the network
protection concept by functions that
are not frequency-controlled.

The extensive cooperation of the
power systems of the countries, aimed
at achieving the best utilisation of the
overall resources from the safety and
economic aspects, demands a gradual
expansion of data interchange between
the control centres of the countries. The
Operations Committee has drawnupan
inventory of the interchange of various
types of data - real-time data as well as
plans and statistics - and has decided on
certain changes as regards the inter-
change of plans and statistics. On
assignment from the Operations
Committee, Vattenfall (Swedish State
Power Board) has suggested a principle
for the technical approach to real-time
date interchange between the control
centres, and the Operations Committee
has recommended that the work be
pursued further, in order to enable data
interchanges to be implemented in
accordance with the proposals.

The Operations Committee has
dealt with a report from Norway
entitled “Increased Deliveries in Inter-
Nordic Joint Operation”. A liaison
group between the Operations and
Planning Committees has considered
the report and, in a proposal that has
been circulated for comments in the
Operations Committee, has recom-
mended that further work should
primarily be oriented towards determi-
ning the benefits at the planning stage,
and that this should be pursued by the
Planning Committee in cooperation, to
the necessary extent, with the Opera-
tions Committee. Nordel has approved
this suggestion.

The Operations Committee
evaluates a proposal by the EC commis-
sion that expanded electric power
cooperation should be established
within the EC. The increase would be
achieved by introducing transiting
rights for electric power producers. The
EC commission also proposes an inve-
stigation concerning the rights for
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consumers to conclude agreements, in
free competiton, for the purchase of
power (common carrier). The Opera-
tions Committee has noted that coope-
ration in Europe has not performed as
well as it has within Nordel, and that the
objective of the proposal by the EC
commission is to achieve improve-
ments.

The Operations Committee consi-
dered that the application of the
proposal within Nordel would probably
not lead to better utilisation of the total
Nordic power system. However, the
Operations Committee will follow the
activities and will assess whether
anything emerging can be utilised for
improving further the Nordel coopera-
tion.

During April 1989, the Operations
Committee held a joint meeting with
UCPTE in The Hague. Valuable infor-
mation was then exchanged concerning
EC matters, the power situation, opera-
tional matters and operating expe-
rience. The next such meeting is sche-
duled for October 1990.

Planning Committee

Grid and generation studies on the
interconnected Nordel system are in
progress in close cooperation between
the Grid and Generation Groups of the
Committee. Current studies are
concerned with the stage around the
year 2000. The purpose is to draw up
draft Nordel recommendations for the
transmission capacities on the intercon-
necting links at that stage, and to
prepare proposals for any reinforce-
ments that may be necessary for the
domestic grids and the interconnecting
links to handle these capacities. The
Grid Group has also submitted infor-
mation for the work of the Committee
for Environment and Generation
(formerly Thermal Power Commitiee)
concerned with operational specifica-
tions for small combined heat and
power stations. In addition, the Grid
Group has begun work in the field of
environmentally benign power trans-
mission. Studies have been pursued
within the Generation Group aimed at
testing the power system and the energy
and power models used. Some develop-
ment of the calculation models has
been carried out. The Generation
Group will also study the magnitude of
the power and energy gains that could
be achieved by the increased delivery
capacity that joint operation may offer,
and will also study the influence on the



Nordic energy balance of the stricter
environmental demands on power
generation.

Extensive work concerned with the
grid is in progress within the Commit-
tee’s ad hoc group for reviewing the
Nordel grid design rules. Close coopera-
tion has been established between the
ad hoc group and the Grid Group. The
first stage of the studies, which involved
an extensive pilot study phase, has been
reported and circulated to the Nordel
companies and others for comments.
Important views that were then
advanced are that the rules should be
simple and that they should be firmly
concentrated to the planning condi-
tions. Work on the second stage of the
revision has begun and is scheduled to
take about one year. This stage will lead
to concrete proposals for possible
changes to the present rules and
proposed recommendations for new
rules. When this second stage has been
completed, the results will be circulated
forcomments, which is expected to take
about three months. The ad hoc group
can be expected to submit to Nordel a
final report on the work at the beginning
of 1991 at the earliest.

Anad hoc group within the Planning
Committee is now studying the oppor-
tunities available for coordinating elec-
tric power and natural gas matters within
the Nordic countries, and also studying
the associated obstacles. An important
reason for Nordel’s involvement in
natural gas is that the use of natural gas
as power station fuel in Nordic coun-
tries can be expected to expand substan-
tially in the future. A development of
this nature should also be a prerequisite
for natural gas becoming an energy raw
material that is of major importance in
Nordic countries. However, this
presupposes that the pricing of gas and
the terms of delivery enable it to
compete with the alternatives. It is
important that the pricing should
promote rather than counteract rational
joint operation within the Nordel
region. A seminar is being arranged for
April 1990 to promote the efforts to
achieve more intimate cooperation
between electric power utilities and
natural gas companies. The seminar
will be attended by delegates from both
sides, and is intended to serve as a
forum for shedding light on interesting
questions and for stimulating discus-
sion. A report on the work of the ad hoc
group is scheduled for submission to
the 1990 Nordel Annual Meeting.

The Planning Committee is endea-
vouring to keep itself abreast of deve-

lopments in the field of energy within the
European Community (EC). This applies
in particular to matters that may be of
importance to electric power coopera-
tion within Nordel. A seminar on the
subject of common carriage matters was
held in October. This was attended by
the Committee members, and also by a
number of other persons who are
involved in planning and operation
within the Nordic power utilities. A
couple of consultants who were
retained by the EC commission were
invited to present papers to the seminar.
The Committee has begun a certain
amount of work that may hopefully
form the basis for a draft Nordel policy
in common carriage matters. In addi-
tion, reports are submitted at every
meeting with the Planning Committee
on energy matters of current interest
within the EC.

The assignments of the Planning
Committee include the assessment of
possible benefits that could be achieved
by electric power cooperation between
the Nordic countries and, against this
background, to suggest concrete action,
so that the benefits of cooperation will
also accrue in practice. Realities face a
numberof limitations as compared to the
ideal situation in the pilanning of power
systems. In the ideal situation, electrical
system planning would be pursued for
the Nordic countries as a unit, without
national boundaries. However, this
cannot be achieved in practice due to
rational as well as irrational limitations.
The efforts in the planning work must
therefore be focused on eliminating, or
at least minimising as far as possible, the
effect of the limitations on the planning,
expansion and operation of the inter-
connected Nordel system. Work is in
progress on determining the limitations
arising in reality as compared to the
ideal situation and, against this back-
ground, formulating a realistic planning
philosophy. A report on this matter is
scheduled for submission to the 1990
Nordel Annual Meeting.

A fairly comprehensive report on
the costs of wind power was submitted to
the 1986 Nordel Annual Meeting. The
Planning Committee was then
instructed to produce annually updated
summaries of the cost of wind power. In
view of the fairly extensive activities in
the field of wind power in recent years,
the Committee has decided to submit a
more comprehensive wind power
report in time for the 1990 Nordel
Annual Meeting.

The six Central American countries
of Guatemala, El Salvador, Honduras,
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Nicaragua, Costa Rica and Panama are
preparing electric power cooperation on
the Nordel model. A cooperation orga-
nization known as CEAC (Consegjo de
Electrification de America Central) has
been formed. The organization is
closely tied to the parliaments of the
various countries, but has otherwise a
number of similarities with Nordel. In
the early summer of 1989, a CEAC dele-
gation paid a two-week visit to the Nordic
countries, invited by Nordic ministries.
The purpose of the visit was to obtain
information on Nordic cooperation and
on the opportunities available for
drawing on the experience gained by
the Nordel organization and its
methods of working, to assist in further
development of CEAC. The pro-
gramme for the CEAC visit included
seminars as well as study visits covering
all five Nordic countries. The Nordic
international aid organizations, coordi-
nated by NORAD in Norway, financed
the visitand handled the practical arran-
gements. Nordel had the professional
responsibility for the seminars and the
study visits. The Chairman and Secre-
tary of the Planning Committee and the
Secretary of Nordel were included in
the Organizing Committee and partici-
pated in the running of the visit.

The Thermal Power
Committee - The Environ-
ment and Production
Committee

From a wish of giving the environ-
mental work in Nordel a higher priority,
an ad hoc working group has made an
assessment of tasks of current interest
for Nordel in the environmental field
and a recommendation of the best way
to organize such work.

The recommendation was that
Nordel dissolve the Thermal Power
Committee and form a new Environ-
ment and Production Committee, and
that the other committees also include
environmental issues in their activities.

The recommendation was given in
the light of the fact that the main part of
the environmental issues are related to
production, primarily the thermal
power production. The environmental
work in Nordel can, therefore, be given
a higher priority in a natural way
through the modification of the
Thermal Power Committee. The close
connection between environment,
technique and economy which the
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working group considered to be most
important is thus maintained. Further-
more, a rational employment of reso-
urces is achieved as the existing struc-
ture of Nordel is used as a basis, and the
number of committees is not increased.

Asaconsequence of the recommen-
dation Nordel dissolved the Thermal
Power Committee at the annual
meeting in August 1989 and ordered an
Environment and Production
Committee set up; this has subse-
quently been effected.

Activities of the Thermal Power
Committee were thus limited to the first
seven months of 1989. During this
period the Committee continued its
exchange of experience and views
within the thermal power area in the
Nordic countries.

These activities will continue in the
new Environment and Production
Committee, which is concerned with
the following:

- the analysis of power production in
the Nordel context (efficiency, availa-
bility, economy).

- the analysis of environmental pro-
blems connected with power produc-
tion.

-the improvement of productivity
through exchange of experience.

- the analysis of new technologies for
power production.

- the taking of initiative for Nordel
point-of-view statements.

With a view to handling specified
tasks the Committee has set up the
following three working groups:

New 400 kV transmission line.
Photo: Christer Ekstrim.

1. The Operations and Maintenance
Group concerned with power plant
operation and maintenance.

2. The Environment Group concerned
with the external environment.

3. The Technology Group concerned
with present and future technology.

The Operations and Maintenance

Group had three meetings in 1989,

partly under the Thermal Power

Committee, partly under the Environ-

ment and Production committee.

Together with the Environment
group, the Operations and Mainten-
ance Group has worked out the article
“Miljpaspekter vid kol- och oljeeldade
kraftverk” (“Environmental Aspects by
Coal- and Oil-fired Power Plants™) for
Nordel’s annual report 1988.

The Operations and Maintenance
Group have also arranged a seminar in
Jyviiskylii in Finland for maintenance
managers of the power plants in Nordel.
Approximately 60 perons participated
in the seminar, which, among many
other things, dealt with residual life-
time, boiler repairs, and sparepart philo-
sophy.

The Environment Group also had
three meetings in 1989, partly under the
Thermal Power Committee, partly
under the Environment and Production
Committee.

In November, the group arranged a
seminar in Stockholm under the
heading “How environmentally benign
should energy production be in the
future?”

The seminar addressed both civil

s

servants from energy and environment
administrations and staff from power
companies in the Nordic countries. The
seminar gathered approximately 110
participants, who very lively debated
the subject of the seminar, without,
however, arriving at a final answer to the
main issue of the seminar.

As in previous years, a working
group appointed by the Thermal Power
Committee has worked out a report of
availability data in 1988 for thermal
units in Denmark, Finland, and
Sweden.



Denmark

Energy policy

enmark’s  dependence on
D imported energy was reduced
still further in 1989 through
increased production of oil and gas in
the Danish sector of the North Sea.

The proportion of Denmark’s gross
energy consumption that is based on
indigenous energy sources thereby
increased to 48%, against 40% in the
previous year. Consumption and
exports of Danish oil amounted to 3.3
and 2.2 tons, respectively. The corre-
sponding figures for Danish natural gas
were 2.3 and 0.6 bn m?,

Despite continued exploration in
the Danish underground, it is still only
Danish Underground 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 in 1989.

The investigations of ways of using
natural gas for future power station
expansion were given new actuality in
February when the Minister of Energy
asked for alternative expansion plans to
be drawn up on the basis of natural gas.
The plans were to be based on supply
conditions and price structure that
would mean the same overall produc-
tion price for gas-based power and heat
production as for power and heat from
new coal-fired stations.

At the same time, the energy autho-
rities shelved consideration of the appli-
cation for permission to build a large
coal-fired station in Jutland.

Such new expansion plans are
mainly intended to be based on gasfired
combined-cycle units at CHP stations
and - in some cases, built as IGCC-
plants (Integrated coal gas and
combined-cycle plants). The natural-
gas-fired combined-cycle plants offer
distinct advantages over traditional
power stations as regards the environ-
ment and energy economy, primarily in
the form of more efficient power
production and lower CO2-emission.

The advantages of IGCC-plants are
retention of coal as a familiar alternative
to natural gas and the fact that the
Danish power companies can influence
the development of future IGCC-
plants, with the prospect of achieving,
hereto, the same environmental and
energy economy advantages in relation
to traditional plants.

In 1989, Dangas A/S, ELKRAFT
and ELSAM entered into negotiations
concerning commercially acceptable
price and supply conditions for a total
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supply to the Danish power stations of
up to 1 bn m® gas per annum - or 10-15%
of the power stations’ fuel consump-
tion. These negotiations are expected to
be concluded some time in 1990,

Final clarification of the content of
the expansion plans for new power
stations in the 1990s will then be
possible.

Power consumption

Power consumption in Denmark
reached a figure of about 30.9 TWh in
1989 - an increase of about 1.7% in rela-
tion to 1988.

It was again mainly industry and the
trade and service sectors that increased
their consumption - by about 5% and
2%, respectively. Domestic and agricul-
tural consumption fell by 2%, due partly
to the much milder climate, with 16%
fewer degree-days than in 1988.

The distribution of power consump-
tion in 1989 was:

domestic users: 31%
trade and service sectors: 31%
industry: 30%
agriculture etc. 8%

On the basis of the anticipated
effects of continued electricity saving
campaigns, the forecast for power
consumption in the years ahead is still a
moderate rate of increase of about 2.5%
per annum.

Power production

Attheend of 1989, the installed capa-
city of Danish power stations was about
8794 MW net - 4% more than in 1987,
after correction to uniform definitions
and methods of calculation.

The capacity was distributed as
follows:

Steam turbine plants: 93.6%
Gas turbine and diesel plants: 3.4%
Wind power plants: 2.9%
Hydro-power plants: 0.1%

This includes PreussenElektra’s 300
MW-share in Ensted Power Station and
appr. 355 MW privately owned produc-
tion plants, including no less than about
205 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 is
approximately 500 MW. Likewise,
average wind power availability is only
some 25% of installed capacity due to
the inherent wind-speed dependancy.

The production at Danish stations
covered 69.3% of the total consump-



tion. The record net import, made
possible by the extremely good hydro
powersituation in Norway and Sweden,
covered the remainder. Of the 69.3%,
65.8% came from steam-power units at
central power stations, 1.9% from
decentralized CHP-plants, and 1.6%
from wind power plants.

In combined production with elec-
tricity, the CHP stations supplied about
50000 TJ district heat. The mild
weather thus resulted in a fall of about
5%, despite an increase in the number
of customers owing to connection of
new district heat districts and other
factors.

In 1989, the power stations’ fuel con-
sumption equalled about 8.7 mio. tons of
coal. and of this, 93% was, in fact, coal.

In 1989, a new 250 MW CHP unit
with a maximum heat capacity of 330
MJ/sec. went into operation at Amager
Power Station. In addition a total of 20
MW was commissioned at three new
decentralized CHP stations, together
with about 58 MW wind power at wind
power plants owned by the power
companies or private inveslors.

In 1989, the commissioning of two
large desulphurization plants for power
station flue gas means substantially
reduced emissions from Danish
stations. One of the plants has been
built at Studstrup Power Station’s unit 3
(350 MW), and the other at Amager
Power Station’s unit 3 (250 MW). In
1990, two similar plants will be commis-
sioned, one at unit 4 at Studstrup Power
Station, and the other at Avedere Power
Station.

During 1989, work continued on the
construction of new, large CHP-units at
Avedere Power Station, Funen’s Power
Station and Vestkraft, with a view to
commercial production in 1991, 1991
and 1992, respectively. The respective
power and heat capacities of the three
units are 250, 385, 380 MW and 330, 500,
450 M/sec.

The expansion with wind turbines
under the power companies’ 100 MW
agreement with the Government is still
proceeding more slowly than planned,
mainly because of local opposition and
difficulties in obtaining the necessary
planning permission etc. The relati-
onship to regional planning and envi-
ronmental approvals and the admini-
stration of the guidelines for approved
plans have presented particular problems.

In the circumstances, it is now antici-
pated that 48 MW will be commis-
sioned in 1990, which means that the
last 10 MW under the agreement wil
have to wait until 1991.

In the private sector, acitvity in the
wind power field remains high despite a
tightening of the rules for grants. In
1989, about 43 MW was commissioned
at small, wind turbines widely spread
around the country.

In 1989, the work on decentralized
CHP stations, which is taking place in
accordance with the political agreement
on expansion of electrical power,
proceeded as planned. It is a condition
of the agreement that these stations -
total capacity 450 MW - be fired with
Danish fuel, and natural gas now looks
like being the preferred fuel for most of
the stations. By the end 0f 1989, a total of
40 MW was in operation at five stations,
and commissioning of a further 30 MW
at six stations is expected in 1990.

Electricity prices

After an increase of about 8
ore/kWh in January 1989, electricity
prices remained unchanged for the rest
of the year. From January 1990, prices
once more rose slightly. The increase
was about 1 ere, depending on the size
of the consumption.

The national average price to a
consumer with an annual consumption
of 3 000 kWh is thus now 58 ere/kWh,
excluding taxes, and about 111
ore/kWh, including taxes. The energy
tax and VAT thus constitute about 48%
of the price. For a consumer with an
annual consumption of 20000 kWh,
the average price excluding taxes is 45
ore/kWh. Including taxes, it is 91
are/kWh. The average net price paid by
acompany with an annual consumption
of 2.5 GWh is 43 ere/kWh.

Project assistance

The power companies’ participation
in Danish Power Consult A-S (DPC)
and Danish Power Utilities (DPU)
changed in 1989. In July 1989, EL-
KRAFT-Consult and ELSAMPRO-
JEKT took over the 20% shareholding
previously held by a group of Danish
consulting engineering firms. With this,
the two companies now own half each
of DPC.

At the same time, DPC and the
group of consulting engineering firms
entered into an agreement regulating
their participation in future projects on
the international market. In addition,
DPU was dissolved at the end of 1989.

Research and Development
In 1989, too, the power companies

invested heavily in research and deve-
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lopment in environmental engineering,
new energy technology, energy utiliza-
tionand renewable energy. Theaimisto
meet the requirements of the future
concerning the design and operation of
energy plants and to support the tech-
nological development of suppliers to
the industry.

The power companies’ investment
in research and development in 1989
amounted to DKK 100 mio.

Residual products

Rapid progress is being made in flue
gas cleaning at Danish power stations,
Several different types of treatment
plant are used, and importance is atta-
ched to ensuring good possibilities for
utilizing the residual products.

The Danish power companies are
cooperating on an increasing number of
studies of the market potential and envi-
ronmental properties of such residual
products.

The substances most in focus
recently have been desulphurization
products.

The products from the two desul-
phurization plants now in operation are
desulphurization gypsum and granu-
late. The gypsum has a natural market
in Denmark of about 300 000 tons/year.
It is anticipated that only a small part of
the total production will have to be
deposited. Despite extensive studies
since 1987, no natural market has yet
been found for the granulate, although
the studies indicate that technical possi-
bilities do exist for utilization in several
areas, including building and civil
works, soil improvement and produc-
tion of artificial fertilizers.

The SNOX-plant developed in
Denmark, one of which is under
construction, produces sulphuric acid
of technical commercial quality, which
it is believed can be sold to the fertilizer
industry.

Another desulphurization process
recently developed in Denmark pro-
duces ammonia sulphate, which can
also be used for artificial fertilizers. A
market analysis suggests a good poten-
tial.



The Finnish economy

Rapid growth in overall production
continued in 1989, The volume
of industrial production rose by
somewhat less than 4%, although
growth rates varied considerably
between sectors and there were already
signs of a downturn at the end of the
year.

The GNP increased by 5%, and
growth was given a special boost by
domestic demand. The market price of
the GNP was USD 23 000/inhabitant.
Short-term rates rose to a record level at
the end of 1989. Imports continued to
increase faster than exports. The
balance oftrade in 1989 showed a deficit,
and the deficit on current account
increased to FIM 21 billion, or 4% of the
GNP.

Inflation picked up from 5.1% the
previous year to 6.6% in 1989. Unem-
ployment declined to 3.5% of the labor
force or by nearly 1% of the previous
year. Many sectors experienced labor
shortages. Overall investment rose by
more than 10% in 1989 to FIM 134
billion or 27% of the GNP.

Energy consumption in 1989 rose by
1% to 30 Mtoe. Industrial energy
consumption rose more rapidly than
overall consumption. Energy
consumed by transport also increased
rapidly,. A mild winter restrained
consumption of heating energy.

Energy policy

An amendment to the Electricity
Actsimplifying the planning and permit
system was put into effect on April 1,
1989. General planning and the Consul-
tative Commission for Power Supply
were eliminated. The Power Producers’
Coordinating Council has accordingly
become more significant as a coordi-
nator of national energy planning.
Regional planning remains the only
form of planning specified in detail by
law. Henceforth, permits from the
Council of State will be required only
for construction of power plants of at
least 250 MW. Separate legislation
governs the construction of nuclear and
hydro power plants.

The committee of experts compri-
sing representatives of various sectors
of society set up by the Council of State
at the beginning of 1987 submitted its
report to the Council on March 30, 1989,
The report concerns the social signifi-
cance of energy use and the technolo-
gical, economic and environmental
effects of energy production and use. It

recommends use of a diverse range of
energy, and advises against rejection of
any feasible sources. Moreover, serious
attention is focused on the extensive
environmental impact of fossil fuels.

The Finnish committee on the envi-
ronment and sustainable development
(the Finnish Brundtland Commission),
submitted a report recommending
consideration of the Brundtland
Commission programme in Finland. In
the energy sector sustainable develop-
ment should be furthered by making
energy use more effective and promo-
ting energy conservation. Damage to
the environment caused by energy
production can also be reduced through
energy choices and environmental
protection technology. The reports sets
maintaining the overall consumption of
primary energy at 1989 levels by 2000
and a 10% reduction in consumption by
2010 as the goal.

The energy-nitrogen working group
I completed its proposal for limitations
on nitrogen oxide emissions from
existing power plants in March 1989.
The working group proposed guide-
lines for new plants the previous year.
Application of these guidelines will
keep emissions of nitrogen oxides in
1995 at the 1987 level. Costs to energy
generation incurred from restricting
emissions will be in the FIM 700-1300
million range. The restrictions will be
implemented  primarily  through
combustion techniques.

One of the most important environ-
mental protection provisionsin the 1990
State Budget is a one-year additional
“damage” tax on fossil fuels, to be levied
in 1990. Most of the tax will apply to
liquid transport fuels. For energy gene-
ration, the tax will be based in part on
the carbon content of fossil fuels. The
additional fuel tax will comprise 2.0 p/l
(FIM 2.00/MWh) for light fuel oil, 2.0
p/kg (FIM 1.77/MWh) for heavy fuel
oil, FIM 16/t for coal (FIM 2.26/MWh)
and FIM 2/MWh for milled peat and 1.0
p/m® (FIM 1.04/MWh) for natural gas.
This environmental increment is
expected to increase the fuel tax in 1990
by FIM 950 million, most of which will
be collected from the transport sector.

The Ministry of Trade and Industry
initiated an extensive energy savings
project to estimate the efficiency of
energy use. The report will be
completed in spring 1991, and will be
applied in preparing energy strategies.
The project will analyze existing dataon
increasing the efficiency of energy use
in Finland and elsewhere. It will also
explore new means and potential for



reducing the adverse effects of energy
use through increased efficiency and
reduced use.

Electricity consumption

Electricity consumption increased
more slowly in 1989 than during the
previous year. Total consumption, elec-
tric boilers excluded, in 1989 was 59.5
TWh or 1 TWh and 1.7% more than in
1988. A mild winter slowed the growth
in electricity consumption by 1 TWh
compared with a normal winter. The
growth in overall consumption adjusted
for temperature was 3.5%.

Industrial consumption of electri-
city increased in 1989 by 2.7% to 32.3
TWh. The continued high level of
demand enjoyed by Finnish industry
affected the volume of production and
the need for electricity. Towards the end
of the year, however, there were sings of
slower growth in production; the down-
turn in growth was particularly evident
in forest industry production. Some 0.1
TWh were consumed in electric boilers.
Electricity consumption in other
sectors remain on virtually the level of
the previous yearat 27.2 TWh. Adjusted
for temperature, growth was, however,
4.5%. Consumption of electricity for
space heating declined over the
previous year and was due to the mild
winter. Electrical space heating conti-
nued to increase, and the number of
housing units heated with electricity
rose by 37 000 to 448 000.

Electricity accounted for some 24%
of total consumption in 1989, which was
nearly the same as that for the previous
year. Electricity consumption peaked in
December 1989 at 10 770 MW.

Estimates of demand for electricity
were revised in autumn 1989. According
to the revised forecast of the Power
Producers’ Coordinating Council, elec-
tricity consumption will rise in 1995 to
72.5 TWh and by 2000 to 79.7 TWh or
2.7 TWh more than previously antici-
pated. The revised prognosis suggests
that electricity consumption by the
consumer sector and the wood proces-
sing industry will rise more than
predicted earlier.

Electricity supply

Electricity production in 1989
amounted to 50.8 TWh,or (0.5 TWhless
than in 1988. Electricity imports totalled
9.3 TWh, which was a new record.
Imports covered 15.6% of total supply;
the Soviet Union accounted for 4.8

Haapavesi torvkrafiverk i nordre @sterbotten ble
satt idrift like for arsskiftet. Kondenskraftverket pa
155 MW utnytter frese-torv som hovedbrensel.
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Haapavesi thermal power station in the northern
Osterbotin was taken into service just before the
turn of theyear. It is a fossil-fired power plant of 155
MW capacity, and the main fuel is peat.

TWh, Sweden for4.3 TWh and Norway
for 0.2 TWh.

Hydro power generated 12,7 TWh,
which was 8% more than during a
normal water year. Generation of back-
pressure electricity totalled 14.7 TWh,
with growth on the previous year ac-
counting for 5%. Conventional conden-
sing power, primarily coal-fired, gene-
rated 4,6 TWh, process condensing 0.4
TWh, and gas turbines etc. 0.3 TWh.

Nuclear power accounted for 18
TWh, or 2% less than in the previous
year. The reason for this decrease was a
44 day shutdown at Olkiluote I in
September and October. The shutdown
was caused by [ine-grained metal dust
found in the control rod mechanism.
Load factors for the other nuclear units
were excellent:

- Loviisa | 92.4%
- Loviisa Il 91.8%
- Olkiluoto I 81.5%
- Olkiluoto 11 93.9%

In 1989 a 154 MW peat-fired conden-
sing power plant was completed at
Haapavesi and a 250 MW oil-fired plant
at Kristiina. Heating power totalling 285
MW was completed, as was 50 MW of
process power and 20 MW of hydro
power. The net increase was 770 MW.

Imatran Voima Oy and Teolli-
suuden Voima Oy concluded an agree-
ment for construction of the 550 MW
Meri-Pori  coal-fired condensation
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plant. The power plant will be
completed by the end of 1993.

At the beginning 0of1990 1200 MW of
power capacity were under construc-
tion or completed; 360 MW of this total
will be completed during 1990. The
largest are a 160 MW heating power
plant in Helsinki and a 120 MW plant in
Seindjoki.

National grid

Two hundred km of 110 kV power
lines were completed in 1989. The 400
kV grid was extended 134 km. The most
important project was the commissio-
ning of the Fenno-Scan DC link (500
MW and 400 kV) between Finland and
Sweden. Teollisuuden Voimansiirto Oy
(TVS) continued planning of a 400 kV
grid from the Soviet border northward
along the south and west coast. The first
stage will be a 400 kV line from the
Porvoo area to Pori by the mid-1990s.

Electricity prices
The real wholesale price of electri-
city remained virtually constant

compared with 1988. The rise in the
price of coal was offset by a decline in
the cost of uranium fuel. New “damage”
taxes and an increase in the turnover tax
will be reflected in the price of electricity
in 1990.



The retail price of electricity re-
mained virtually constant in 1989. In
real terms the price dropped by 2%. The
mean consumer price subject to taxa-
tion for household electricity was in
January, 1990 44.3 p/kWh in multi-
storey houses and 38.5 p/kWh in single
family dwellings. In houses with direct
electrical heating it was 29.1 p/kWh and
in those with storage heating 23.9
p/kWh. The tax-exempt price of electri-
city for large-scale industry was 13.6
p/kWh, with growth accounting for 0.5
p/kWh.

Miscellaneous

New burners permitting two-stage
combustion were installed in one unit
of the Inkoo coal power plant. Tests
began in the autumn. The project will
investigate reduction of nitrogen oxide
emissions with combustion technolo-
gies and their compatibility with the
Lifac sulphur removal system.

Imatran Voima and Wiirtsild Diesel
completed development of the
MODIGEN gas diesel power plant. The
first 7/7 MW pilot plant will be built in
Jarvenpdi and completed in spring
1990. Modular techniques are being
applied in construction and prefabrica-
tion will be used as much as possible.

Research on solar and wind power at
Kopparnis, Inkoo, reached the follow-
up stage. A combustion cell power plant
will be built by Imatran Voima at its
Vanaja power plant in Himeenlinna.

Iceland

Economic Development

he year 1989 was characterised in

Iceland by a continuation and

some deepening of the economic
recession thatstarted in 1988 in the wake
of the boom year of 1987. In 1989 GNP
decreased by 2.5% compared to a
decrease of 1.2% in 1988. The product
value of the fish-processing industry,
the country’s most important category
of industry, decreased by 4.0% in real
terms compared to a decrease of 2.3%in
1988; that of other industrial products
decreased by 3.5% (1.5% decrease in
1988). Investments fell by 8% below the
1988 level (2.0% drop in 1988 below the
1987 level). Unemployment averaged at
about 1.7% of the work force. (0.6% in
1988). Inflation was a continuing
problem. The average inflation rate in
1989 was 21.1%, and the Consumer Price
Index rose by 25.2% from Dec. 31 1988
to the same date in 1989.

Energy Policy and Expan-
sion of the Power-intensive
Industry

The government coalition in Iceland
was restructured in September 1989
through addition to the previous one of
a new party, The Citizen’s Party,
whereby the Government consolidated
its position in the Althing (Parliament).
There were no changes in the Govern-
ment’s industrial or energy policy in the
wake of this restructuring.

A cornerstone of this policy is the
endavour to develop further the coun-
try’s power-intensive industries for the
purpose of diversifying the Icelandic
economy, which is and has for a long
time been predominated by fishing and
the fishprocessing industry.

The so-called Atlantal Group consi-
sting of four European aluminium
producers, viz. Alumined B.V. of the
Netherlands, Austria Metal AG of
Austria, Grianges Aluminium AB of
Sweden and Alusuisse S.A. of Switzer-
land, that in 1988 had embarked upon a
joint feasibility study of a new alumi-
nium smelter of an annual capacity of
185 000 tons to be located at Straumsvik,
about 15 km south of Reykjavik,
presented their findings to the Icelandic
Government in April. The study was
undertaken for the Group by the
American firm Bechtel Corporation.

The study indicated the smelter to
by profitable, but the required invest-
ments to be somewhat higher than
expected.



Interior fra Landsvirkjuns nve driftssentral i
Revkjavik.

Main control room of the new Control Centre of the
National Power Co, Revkjavik.

After some deliberations within the
Group and with the Icelandic Govern-
ment the Group decided to make a
comparativer study of a possible expan-
sion of the existing smelter at Straums-
vik, which is owned by one of the Group
member, Alusuisse, by an annual capa-
city of 120 000 tons, from the present
capacity of 88 000 t/a. The expansion
was to be owned jointly by the Group
members. This study, which was carried
out by the Swedish firm SIAB, was
completed in the autumn. It showed an
acceptable profitability of the expan-
sion and investments per unit of capa-
city similar to that for an independent
new smelter.

In 1989 the Austrian company and
Alusuisse withdrew from the Atlantal
Group for different reasons. Gringes
and the Dutch firm, which by now had
adopted the name of Hoogovens
Aluminium, however, decided to
continue with the project and to seek a
new partner to join the Group for the
purpose of exploring further the idea of
a new 185 000-200 000 t/a smelter. At
the time of writing (January 1990) this
endeavour is actively beeing pursued.
Results are expected in the first quarter
of 1990.

Simultaneously discussions took
place in 1989 between Icelandic repre-
sentatives and the Atlantal Group
about power prices, legal aspects, taxa-
tion etc. of the new smelter. The present
(Jan. 1990) status of the matter is that
once a third partner has been found it is
believed that a draft agreement about
the smelter can be presented to the
Icelandic authorities within a realitively
short time.

Although these studies and discus-

sions have taken more time than origi-
nally envisaged there is thus a prevailing
optimism that concrete positive results
will be obtained before long and the
Icelandic Minister for Industry and
Energy, who has been strongly involved
in this matter, has repeatedly stated his
conviction to that effect. He has further-
more outlined a prospect of further
developments of the lcelandic alumi-
nium and electric power industry
through the erection of one more
smelter in the country before or about
the turn of the century, possibly in
Northern or Eastern Iceland. He has
conducted some preliminary talks
about such a smelter with companies
outside the Atlantal Group.

The Electricity Consumption.

Total gross consumption of electri-
city in Iceland in 1989, ie. including
transmission and distribution losses
and power plants’own consumption,
amounted to 4475 GWh, compared to
4416 GWh the previous year, correspon-
ding to a growth of 1.3%.

The share of power-intensive indu-
stries in the 1989 consumption was
51.6% compared to 51.7% in 1988. Their
consumption grew by 1.0%. General
consumption grew by 1.7% without and
1.4% with correction for outdoor tempe-
rature in the two years. The total
consumption consisted of 3816 GWh of
firm energy and 659 GWh non-guaran-
teed energy.

Electricity Production.

The electricity production in Iceland
in 1989 amounted to 4475 GWh (4416

GWh in 1988), of which 94.1% were
produced in hydro-electric plants
(94.3% in 1988); 5.8% in geothermal
plants (5.6% 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 increased
by 4 MW in geothermal plants but
remained unchanged in other types of
plant, viz. hydro and conventional
thermal. The total installed capacity of
public utility power plants at the end of
1989 was 927 MW.

The construction of the 150 MW
hydro-electric power plant Blanda in
the western part of Northern Iceland,
owned by the National Power
Company (Landsvirkjun) and due for
commissioning in 1991, proceeded in
1988 as well as that of the geothermal
combined heat and power (CHP) plant
of the Reykjavik Municipal District
Heating Service at Nesjavellir in South-
west Iceland. The latter will have a rated
capacity of 300 MW of utilized heat plus
at least 50 MW of electricity. A first
phase of 100 MW of utilized heat is due
for commissioning in 1990. The timing
of electricity production at Nesjavellir
will depend on the results of the nego-
tiations about a new aluminium smelter
mentioned above.

Electric Power Tariffs.

The Wholesale Power Tariff (WPT)
of the National Power Company (NPC)
was raised by 8% on March 1 and by 10%
on Oct. 1. In real terms (viz. corrected for
inflation), the WPT was 6.5% lower on
Jan. 11990 than on the same date 1989,
and 38.2% lower than on May 1 1984.



Price quotations for primary alumi-
nium declined somewhat during 1989,
and so did NPC’s contract power price
to the Icelandic Aluminium Company,
which fell from 18.5 mUSD/kWh in the
first quarter of 1989 to 17.0 in the fourth
quarter. (viz. from 0.118 SEK/kWh in
the 1. to 0.105 SEK/kWh in the 4.
quarter of 1989).

A New Control Centre of the
National Power Company-

In December 1989 a new control
centre in Reykjavik for the whole power
system of the National Power company
(NPC) went into operation. It is
equipped with a System Control and
Data Acquisition (SCADA) system
which permits a general overview of
production and transmission, registra-
tion of all power system disturbances
and automatic printing out of routine
loggings and operational reports. Built
into the control system is a special
model for load forecasting and short-
term analysis intended for operational
planning. A special part of the pro-
gramme  encompasses  automatic
dispatching of generators. A power
system simulator is also a part of the
control system, which can be used for
system studies and programme deve-
lopment as well as for education and
training of personnel.

In connection with the Conirol
Centre a new telecommunication
system has also been installed for trans-
mission of data and control impulses.

The equipement of the control
centre was purchased from Harris
Corporation, USA and the telecommu-
nication system from Nokia Telecom-
munications, Finland.

The new control centre is expected
to lead to considerable improvements
in the reliability and utilization of
NPC’s power system as well as to facili-
tate operational planning.

A Power Failure Affecting
80% of Inhabitants in
Iceland

On February 11 to 13 a storm in
Western Iceland caused a number of
interruptions in the electric power
service. The most serious one occurred
on Sunday February 12 when about 80
percent of all inhabitants in Iceland
were without service for up to three
hours. Other interuptions, affecting a
smaller number of customers, extended

the time without service for them to
between 7 and 38 hours.

The cause of this power failure,
which was most serious in the western
part of Iceland, was salt deposits leading
to flashovers on insulators on transmis-
sion and distribution lines and in
switchyards. These salt deposits were
caused by strong winds blowing ashore
from the sea west of Iceland. The reason
that so many customers were affected
was a circuit breaker failure due to the
salt deposits in the main transformer
station Geithdls is outside Reykjavik,
the country’s most important trans-
former station.

In the autumn of 1989 a new main
transformer station in the Reykjavik
area, Hamranes, came into use. This
stationis ofthe indoortype and thusless
sensitive to weather conditions.
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Energy Policy

he environmental effects of

energy consumption have been

much debated in discussions
concerning energy policy throughout
1989. In April the Brundtland Gover-
nment submitted Government White
Paper No. 46 (1988-89) “Environment
and Development. Norway’s Follow-
Up to the Report of the World Commis-
sion”. The report states that “the energy
consumption is of decisive importance
to ensuring a sustainable development
nationally as well as internationally™.
The Storting (the Norwegian Parlia-
ment) endorsed the objectives concer-
ning emission restrictions on sulphur
dioxides (SO2) and nitrogen dioxides
(NOy) that were presented in the report.
Regarding the carbon dioxide emis-
sions (CO2), a majority of the Storting
advocated a reduction of the emissions,
to reach a stabilization by the 1990s and
at the latest by the year 2000. As a result
of the environmental requirements a
reduction in the rate of growth in total
energy consumption may be necessary,
aiming at a levelling out towards the
turn of the century. To obtain these
aims, a price and tax policy allowing for
a reflection of the environmental costs
is being prepared. This mainly applies to
the prices of fossil fuels.

In May 1989 Government White
PaperNO. 61 (1988-89) “On Energy Effi-
ciency and Energy Research” was
submitted. The background for presen-
ting the report is primarily found in the
increased environmental requirements
to the energy policy in connection with
the use of fossil fuels. The fact that the
purely economic gains of a more effec-
tive energy policy appear to be conside-
rable is also a great challenge. In the
report the Government proposes a
preliminary contributory arrangement
with subsidies for energy-saving
measures in commercial and industrial
premises and a preliminary loans arran-
gement for energy-saving in the private
housing sector. The measures are Lo
provide a basis for a yearly reduction in
energy consumption of 0.5 TWh. In the
National Budget of 1990 this has been
followed up with loan-giving arrange-
ments and a framework for subsidies of
110 mill. NOK for industrial and busi-
ness premises. Similar arrangements
have not yet been proposed for private
housing.

The proposition for a new energy act
(Ot. Prp. No. 73 (1988-89)) was
submitted to the Storting in 1989 by the
Brundtland Government but was with-
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drawn by the Syse Government, which
took office after the September elec-
tion. The proposition for an energy act
must be considered against the back-
ground of the ongoing debate on more
market-oriented power sales.

The future organization of the
power supply will also be viewed in
connection with the future role of Stat-
kraft which is currently being delibe-
rated by a committee under the mana-
gement of the Ministry of Petroleum
and Energy.

In April 1989 the Government
furthered St. prp. No. 79 (1988-89)
“Regarding measures promoting
increased industrial activity and a more
flexible power market”. In its proposi-
tion the Ministry of Petroleum and
Energy proposes two new types of
contracts for industry. Both types of
contracts are based on a sharing of risk
between Statkraft and the power
purchasers. The sharing of risk will be
set out by a contract provision ensuring
that the guaranteed price will no longer
be valid when the prices of occasional
power exceed a certain level. In such
cases, the customers may be supplied
power on the ordinary terms applying to
occasional power. It is presupposed that
the power contracts are used for new
industrial projects and should not
substitute the use of occasional power
or existing power contracts.

In May the interdepartmental fore-
casting committee presented new fore-
casts concerning the firm power
demand of the general supply, and in
June NVE presented forecasts based on
regional statements. The new forecasts
indicate a reduction on demand of 4-5
TWh in the year 2000, compared to the
prognoses of the Energy report of 1987,
The forecasts involve considerable
uncertainty, particularly with a view to
the possible effects on the electricity
demand caused by environmental taxes
on fossil fuels. The Central Bureau of
Statistics has, as part of the SIMEN
project (Studies of Industry, Environ-
ment and Energy) estimated that an
increase in environmental taxes on oil
corresponding to a 75 per cent increase
in real price may create a 5§ TWh
increase in the electricity demand.

1989 brought no clarification in the
ongoing commercial negotiations
concerning the selling of Norwegian gas
to Sweden and to power production and
industrial customers in Eastern
Norway. The Minister of Petroleum and
energy has reported that gas from
Haltenbanken presents no alternative
as regards deliveries to Sweden, and has
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accordingly complied with the Swedish
requirements to have potential gas deli-
veries from the North Sea. The remai-
ning pipeline routes that are relevant for
gas deliveries to Sweden are accordingly
a overland pipeline from Karste/
Karmoy to Eastern Norway/Sweden or
a sea pipeline directly to Sweden. A
third possible alternative could be to
connect the Norwegian and Danish
pipeline systems in the North Sea.

In connection with the hearing of
the Ministry of Qil and Energy concer-
ning a gas-fired power plant in Eastern
Norway the Norwegian Water Reso-
urces and Energy Administration
(NVE) has submitted a statement to the
Ministry questioning the need for gas
power. According to the statement the
power situation towards 1995 appears to
be ample and, moreover, it is said that
“Decisions concerning investments in
major production plants or a separate
gas pipeline to Eastern Norway may
profitably be put off until spring 1991
with a view to national power balance
considerations. This procedure will
provide planning freedom for elabora-
ting the aims, means and effects of the
ambitious objectives of the energy and
environment policy”. NVE has also
advised to let the licence applications
for a gas-fired power plant in Rogaland
rest for the time beeing. NVE is,
however, of the opinion that the need
and possibility for building gas-fired
power plants as a safeguard against
years of precipitation shortage should
be considered further.

Norwegian oil production reached a
record high in 1989 and the annual
production of 75 million tons represents
anincrease of more than 30% from 1988.
This is due to an increase in production
capacity during recent years. Norway
maintains its self-imposed restrictions
on production, but in December the
Government reduced these restrictons
from 7.5 to 5% of the production capa-
city. The gas production was in 1989
approximately 31 billion Sm®, which isa
minor increase from 1988. Towards the
end of the year the West German gas
companies of Ruhrgas and Thyssengas
notified their interest in buying 5 billion
Sm® of gas from the Troll/Sleipner field
in excess of the 8 billion Sm® ordered by
West Germany under the original Troll/
Sleipneragreement. The increased deli-
veries may necessitate the building of a
third pipeline to the continent.



Electricity consumption

The gross firm power consumption
was 97.4 TWh in 1989, This is a reduc-
tion of 0.6 TWh from 1988.

Gross firm power consumption for
general supply was 66.2 TWh, which
represents a reduction of 2.0% from
1988. The winter of 1989 was very mild,
and adjusted to normal temperature
conditions, the consumption is esti-
mated at 68.8 TWh, which is an increase
of 1L3%. The growth rate in gross
consumption has been reduced in
recent years, following a steep growth
during the first half of the 1980’s. The
reduced growth rate should be seen in
connection with the development of the
Norwegian economy. 1989 has been the
third consecutive year which has seen a
reduction in domestic use of goods and
services.

Power-intensive industries in 1989
increased their gross consumption with
0.8 TWh to 31.2 TWh. It is particularly
the ferro alloy producers that have
increased their consumption in 1989. In
this industry, as well as in the produc-
tion of chemical raw materials and in
the aluminium production, capacity
was nearly used to the full in 1989. The
production of aluminium and other
non-ferrous metals represent more
than 55% of the firm power consump-
tion in power-intensive industries,
while iron, steel and ferro alloys repre-
sent 30 per cent.

Pulp and paper, in Norway not consi-
dered to be a powerintensive industry,
in 1989 had a firm power consumption
of more than 4.5 TWh and a consump-
tion of occasional power for electric
boilers of more han 1.4 TWh.

The total consumption of occasional
power for electric boilers has been esti-
mated at 5.2 TWh (gross) in 1989, which
isan increase 0of 9% from 1988. The sales
of light fuel oils have been reduced by
more than 12% from 1988 to 1989, while
the sales of heavy fuel oils are reduced
by 8 per cent. These reductions are
mainly due to the mild winter of 1989.
About 20% of the reduced sales can be
explained by increased consumption of
occasional power. There has only to a
small extent been a substitution
between fuel oils and firm power.

The maximal load referring to
domestic consumption was measured
on 15 December and was estimated at
18 254 MW. In 1988 the maximum load
was 17501 MW, while the highest
recorded load dates from 1987, when the
maximum load was 18 440 MW. This
year'’s maximum load was registered

during a spell of cold weather throug-
hout the country, but temperatures
were not as low as during the 1987 recor-
ding.

Electricity in 1989 covered 50 per
cent of the energy content in energy
carriers delivered to consumers. Petro-
leum products covered 38 per cent and
solid fuels 12 per cent. District heating
represents approximately 0.5 per cent.

Electricity production

Hydroelectric power production in
1989 was 118.6 TWh. With the addition
of 0.5 TWh of thermal power, the
production totalled 119.1 TWh. This is
the highest annual production regi-
stered to date and shows an increase of
9.1 TWh from 1988, which also gave a
record reading.

The usable run-off to Norwegian
water power generating plants in 1989
represented 119 per cent of an average
year. Throughout the summer it was
necessary to let considerable quantities
of water bypass operational machines,
and in all this has caused a production
loss of more than 6 TWh. The reservoir
capacity has in the course of the year
increased by 1.8 TWhandwas78.7 TWh
at the end of the year. Reservoir supply
at the end of the year was 59.3 TWh and
is 2.8 TWh above that of the beginning
of the year.

As per 1 January 1990 the firm power
production capacity in the Norwegian
water power system is estimated at 102.5
TWh and the mean production is esti-
mated at 107.5 TWh. In addition,
Norwegian thermal power generating
plants represent a total output of appro-
ximately 300 MW, In the course of the
next vears the firm power produciton
capacity in the existing water power
system is expected to increase.

New water power installations and
expansions put into use in the course of
1989 have increased the firm power
production capacity by approcimately
2.2 TWh. The largest new installations
are Jostedal (270 MW) and Mel (50
MW) in Sogn og Fjordane, Torpa (150
MW) and Dokka (44 MW) in Oppland,
Ana-Sira (50 MW) in Vest-Agder and
Nedre Nea (63 MW) in Sar-Trondelag.
The largest expansions are in Aurland I
(225 MW) in Sogn og Fjordane and
Nedre Vinstra (125 MW) in Oppland.
Total growth in machine capapcity at
the turn of the year was 1015 MW. Total
installed capacity at the end of the yearis
26 827 MW. Statkraft owns 29 per cent
of the machine capacity. About 55 per
cent is owned by municipalities and
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Kjeldal dam, Telemarkskanalen, ble dpnet i 1989.

The Kjeldal dam construction in the Telemark
channel was opened in 1959.
Photo: Haakon Haga.

regional municipalities, while the rest
are owned privately or by industrial
companies.

The power exchange with neigh-
bouring countries resulted in a record
high export surplus of about 15 TWh.
This is 1.5 TWh above the previous
record from 1983. Exports to Sweden
have been 11.4 TWh and imports have
been 0,4 TWh. Exports to Denmark
were 3.8 TWh. The power exchange
with the Finland has been very small.

Electricity prices

In 1989 sales of electric power have
been subjected to price regulations. For
wholesale prices only an increase of up
to 0.9 ere/kWh was permitted and for
trade prices of up to 1.3 ere/kWh.
Nearly all power companies made use
of the maximal increases, which
resulted in an average price increase of
4% for both categories.

The Statkraft price for deliveries to
wholesale companies for general supply
increased from 20.5 ore/kWh to 21.9
pre/kWh from 1 May 1989. It was
however reduced to 21.3 ere/kWh from
1 July of the same year. For 1990 the
Storting has passed a resolution of a
further incrase of 2% to 21.7 ere/kWh.
The price is calculated at the estimated
average of 6000 hours’ consumption, on
delivery from the national grid by step-
down transformers.

The average price for electric power
delivered to households and agriculture
was 43 ere/kWh, all taxes included. The
consumer dependent cost in an H-4
tariff, which is the most common
household tariff, averaged 38.6
ore/kWh, including taxes (VAT and



electricity tax), while the equivalent
energy cost for light fuel heating was
approximately 32.8 ore/kWh, calcu-
lated at 75% efficiency.

The general electricity tax charged
to consumers within general supply was
3.7 ere/kWh, with the exception of the
northernmost part of the country, which
was charged 2.1 ere/kWh. For 1990 the
electricity tax has been fixed at 3.85 and
2.2 ere/kWh respectively.

The variable part of the H-4 tariff as
per 1 January 1989 averaged 33.0
ore/kWh, inclusive of electricity tax.
This equals the long-term marginal cost
of firm-power for general supply calcu-
lated with 4.6 per cent interest rate.

Several utilities has in 1989 started
experiments with rabates to domestic
customers with a relatively high electri-
city consumption level. This must be
viewed against the background of the
favourable power balance and a wish for
substitution from oil to electricity.

The national grid

Jostedal power station was put into
operation in November 1989. The
power station is connected to an
existing grid over a 300 kV line to
Leirdela. The power station as well as
the power line is owned by Statkraft.

The building of the Jostedal power
station, together with the expansion of
Oslo Lysverker in Aurland I has neces-
sitated the reinforcement of parts of the
existing 420 kV transmission line from
Sima/Aurland in the direction of Oslo.
It was found that two sections had to be
reinforced, namely Dagali-Nore and
Aurland-Usta. The former section,
Dagali-Nore, was put into operation in
December 1989. It is owned by Statkraft.

The latter section, Aurland-Usta, is
built by Oslo Lysverker, and, according
to plans, will be operational in 1991.

April 1989 marked a historiceventin
Norwegian elecricity supply. The 420
kV line Kobbelv-Salten was officially
pul into operation, which meant that
the first nationwide continuous elec-
trical grid within Norway’s borders
became a fact.

The doubling of the 132 kV grid in
Northern Troms/Finnmark is in
process, and as part of this project the
132 kV line Alta-Skaidi was put into
operation in 1989.
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Energy policy

o Swedish energy policy deci-
sions of any greater importance
were made during 1989.

However, a large number of commis-
sions were at work, preparing reports for
“Checkpoint 19907, the major energy
policy bill intended to establish the
framework of the country’s energy
system during the 1990s. A decision will
also be made then as to which two
nuclear power units (one in Barsebick
and one in Ringhals) are to be shut
down in the middle of the 1990s.

Several conflicting energy and envi-
ronmental objectives must be recon-
ciled during the coming decade,
without increasing unemployment,
reducing standards of living or threate-
ning the environment. A summary of
the main points is as follows:

- Nuclear power generation is to be
phased out by 2010. Two reactors are
to be taken out of service in 1995-96.

- Emission of sulphur dioxide is to be
cut by 80% (relative to 1980 levels) by
the end of the century.

- Emission of oxides of nitrogen is to be
reduced by 30% (relative to 1980
levels) by 1995. The National Environ-
mental Protection Board is investiga-
ting the feasibility of reducing emis-
sion levels to 50% by the end of the
century.

- Emission of carbon dioxide must not
increase. In the long term, the objec-
tive is to reduce emission.

- Current environmental policy prohi-
bits development of the country’s
four major undeveloped rivers (the
Torne, Kalix, Pite and Vindel rivers).

- The use of chlorinated fluorocarbons
is to be cut to half before 1991, and to
be totally discontinued by 1995.

The EL 90 Commission, investiga-
ting how electricity-intensive industry
will be affected by the phase-out of
nuclear power, has published an interim
report. The Commission points out that
non-rebatable value-added tax and
environmental levies on energy will
result in higher taxes on industry than
imposed by the present taxation
system. Some environmental levies can
also lead to a reduction in the competi-
tiveness of industry.

The substantial rises in the price of
electricity resulting from the early shut-
down of nuclear power generation will
strike particularly hard at electricity-
intensive industries. There is a conside-
rable risk of the closing of factories,
resulting in greater unemployment in
sparsely populated areas. A number of



forest products companies have already
indicated that they are thinking of esta-
blishing new ventures in other coun-
tries, where taxation on electricity is
lower.

A working party is due to submit its
report to the Government by May 1st
1990 on how problems associated with
the drift of personnel away from the
power utilities as a result of the phase-
out of nuclear power can be resolved.
The utilities are expected to experience
increasing difficulty in retaining skilled
personnel, particularly during the latter
stages of the phase-out.

The National Energy Administra-
tion will investigate the opportunities
for application of electricity savings and
more efficient use of electricity up to the
middle of the 1990s. The Administra-
tion will also publish forecasts of electri-
city use and the installation of new
generating capacity, and indicate the
expected consequences for the national
economy of the start of the phase-out in
1995 and 1996.

At the beginning of 1990, the
Swedish Nuclear Power Inspectorate
and the Natonal Institute for Radiation
Protection published the results of an
investigation intended to determine
which two nuclear power blocks should
be decommissioned first. The report
did not feel able to make any specific
suggestions, noting that all Swedish
nuclear power plants fulfil all current
safety standard.

In order to ensure adequate supplies
of electricity, it will be necessary to build
new generating capacity, particularly if
two nuclear power blocks are decom-
missioned early.

Hydro power generating capacity
could be increased, by means of minor
rebuilding and installation of new
equipment, from its present 62.8 TWh
to about 64 TWh by the middle of the
1990s. The increase in power generating
capacity would be about 400 MW.

If concessions are granted, and
provided that no delays occur, it should
be possible to bring planned fossil-
fuelled generating capacity on line by
the middle of the 1990s, to produce an
energy contribution of about 10
TWh/year and a power contribution of
over 1500 MW. Naturally, any expan-
sion of fossil-fuelled power generating
capacity of this magnitude would have
an effect on the environment.

Vattenfall has decided to invest SEK
1000 million in each of two research
projects. One is concerned with
biomass fuel technology, jnvolving the
construction of demonstration plants

and investigation of such aspects as
costs, ecology and combustion. The
other project relates to energy conserva-
tion, and is concerned primarily with
marketing energy services in the form of
ideas and technology to small and
medium-sized industries and to usersin
the public environment.

The use of electricity

In 1989, use of electricity for all appli-
cations other than electric boilers
amounted to 131 TWh, the same as
during the previous year - which had
represented a slight reduction relative
to the year before that. The weather
during the last three years has differed
very considerably. In 1987, winter was
both long and extremely cold, followed
by a cool summer. The winters of 1988
and 1989 were both mild, particularly in
1989, while the summers were essenti-
ally normal.

After conversion to statistically
normal temperatures, the following
values of electricity use emerge:
1986-87 + 3.5 TWh (+3%)

1987-88 + 2.5 TWh (+2%)
1988-88 +3 TWh (+2%)

Supplies of interruptible electricity
to electric boilers in 1989 were the
largest ever, amounting to 8§ TWh,
which was somewhat higher than
during the previous year, when demand
was also high.

Total electricity use in Sweden in
1989 was therefore 139 TWh.

Industry used 54 TWh, which was
somewhat more than during the
previous year, representing a conti-
nuous upward trend. During 1987 and
1988, use of electricity in industry had
increased by about 5%. The economic
boom years that have lasted in Sweden
since the beginning of the 1980s
probably peaked in 1989. Only minor
growth in GNP is expected during 1990
and 1991. Other western countries,
however, show no direct signs of slow-
down.

Electricity use in a number of other
sectors increased in 1989. The food-
stuffs and wood products industries
used about 7% more electrical energy,
while the engineering and pulp and
paper industries increased their use
only insignificantly. Electricity use in
the textile industry, on the other hand,
fell by about 10%. With an annual elec-
trical energy use of somewhat more
than 20 TWh, the pulp and paper indu-
stry is the country’s most electricity-
intensive industrial sector.

For several years now, use of electri-
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city by railways and tramways has
remained constant at 2.5 TWh.

Use of electricity within the residen-
tial, service and district heating sector
amounted to 70 TWh. Compared with
the previous year, this represents a
reduction of a few per cent, accounted
for by the mild winter in 1989. After
correction to a statistically average
climatic year, electricity use in the resi-
dential sector increased by 4%.

Power interchange with neighbou-
ring countries broke records in 1989.
Sweden exported 12.5 TWh and
imported almost as much, leaving an
export surplus of only 0.5 TWh. Large
quantities of hydro power were avai-
lable in both Norway and Sweden., allo-
wing thermal power production to be
cut back. Power imports to Denmark
and Finland have been used to reduce
production of fossil-fuelled thermal
power. All of this has had a beneficial
effect on the environment in the Nordic
countries. The supply of electricity to
Zealand amounted to no less than
5.4 TWh, with up to 90% of Zealand’s
electricial load at times being met by
imports from Sweden.

Losses in the country’s transmission
system were unusually high during
1989, being about 30% higher than
during 1988. The reason for this is to be
found in the large quantities of hydro
power that were produced in the north
of the country and then transmitted to
the south.

The highest hourly value of energy
use during the year amounted to
25.8 GWh/h, and occurred on 15 th
December between 08.00 and 09.00
a.m. The all-time high of 26.2 GWh/h
from the extremely cold day of 12 th
January 1987 therefore still stands.

Electricity supply

Electricity production in 1989
amounted to 139 TWh, which is about
2TWh less than during the two
previous years.

Hydro power stations produced
71 TWh, equalling production during
the record year of 1987. A normal year’s
production is about 63 TWh. Produc-
tion from the Lule river was particularly
high, resulting from heavy snowfalls
during the winterand high precipitation
during the summer.

1989 was the third successive year
with good water availability. The
affluence for the country as a whole
exceeded the average value by 17%. At
the end of the year, reservoirs were 70%
full, which is somewhat above the



median value, and represented about
23 TWh of stored energy. Reservoir
levels during most of 1989 have been far
above normal.

Nuclear power production during
1989 amounted to 63 TWh, which was
5% less than during the previous year.
As a result of the good hydro power
availability, the nuclear power stations
were operating at reduced power output
during parts of the year. About 9 TWh
were replaced in this way, equivalent to
about 11% of the total capacity for the
vear. A few unscheduled shutdowns
occurred, but overall safety and produc-
tion economics were good. Average
energy availability during the year was
86%, which can be compared with the
world average of 70% for light water
reactors. Of the Swedish reactors,
Barsebiick Il noted the highest availabi-
lity at 940%.

Back-pressure production counted
for over 5 TWh, with 0.3 TWh being
produced in condensing power plants,
gas turbines etc. Both of these values
represent the lowest outputs since 1984.
Again, the mild winter was a contribu-
tory reason.

Imports of electrical energy
amounted to 12 TWh during 1989,
which is the highest quantity ever
imported. The previous record was set
in 1983, when somewhat over 10 TWh
were imported. The reason for the high
level of imports in 1989 is to be found in
the large amounts of hydro power avai-
lable in Norway, in combination with
the chance to reduce thermal power
generation throughout the WNordic
countries.

The rate of installation of new gene-
rating capacity is low at present. During
1989, a number of smaller hydro power
stations were commissioned, resulting
in aincrease of 60 MW in installed capa-
city. The Government also approved
increases in the outputs of two nuclear
power blocks. The outputs from Fors-
mark 3 increased by 80 MW, while
Oskarshamn 3 increased by 70 MW,
The only additional fossil-fuel power
production capacity during the year was
a4 MW gas combination power plant at
the Papyrus paper mill outside Gothen-
burg.

The high-voltage transmis-
sion system and intercon-
nections

An HVDC link between Forsmark,
on the Swedish east coast, and Raumo,
in south-west Finland, was commis-

I landforing av Fenno-Skan HVDC-forbindelsen.

The landing of the Fenno-Skan HVDC-link.
Photo: Hans Ason, ABB Cables.

sioned on December Ist 1989. The link
operates at 400 kV, and is capable of
transmitting 500 MW in either direc-
tion. The undersea cable length is 198
km. In terms of operating voltage,
power transmission capacity and
undersea cable length, the new link
represents a world record. A technically
interesting feature of the link, and anew
aspect, isthat control of the power being
carried by the link allows optimum use
of capacity and power flows in north-
south directions in both the Swedish
and Finnish power systems. The two
systems can also assist each other in
reducing the effects of faults in either
system.

A new 400 kV transmission line
between central Norrland and the
Milar valley was switched in on
December 20th 1989. The line, which
runs from Midskog to Morgérds-
hammar, is 360 km long. It represents a
first stage in the current work of conver-
ting 220kV lines to 400 kV, and provides
an increase in the power transmission
capacity from the north of the country
to the central areas.

Several transmission lines and
substations have been reinforced in
order to increase short-circuit security
and load carrying capacity. Work is also
proceeding on series capacitor stations
in order to remove equipment contai-
ning PCB.

Electricity tariffs
Vattenfall introduced new three-

year high-voltage tariffs during 1989,

while the Sydkraft operated one-year
tarifTs.

Vattenfall’s high-voltage tarifTs were
raised by 10.6% from 1988 to 1989. This
relatively large increase was due prima-
rily to a requirement by the State, as the
owner of Vattenfall, for a higher rate of
return. Sydkraft's high-voltage tariffs
increased by 8.5% during the same
period. Similar price increases have
been applied by other power utilities.
Inflation during 1989 was 6.7%.

Vattenfall’s low-voltage tariffs were
increased by 10.5% on January lst 1989,
The corresponding increase in
Svdkraft’s distribution areas was 8.0%.

During the first half of 1989, the
energy tax on electricity was
5.0 ore/kWh for industrial users. For
other users, the tax was 7.2 ore/kWh,
apart from certain areas of northern
Sweden where it was 6.2 dre/kWh.
Energy tax was increased by 2.0
ore/kWh for all categories of users from
July 1st.

On a case-to-case basis, the Govern-
ment can reduce the energy tax on elec-
tricity, fuel oil and solid fuels used in
certain  industrial  manufacturing
processes to 1.7% of the sales value of
the manufactured products. During
1989, supplies of interruptible electrical
energy to electric boilers have conti-
nued to be exempt from energy tax
during periods when electricity was not
being produced in oil-fired power
stations.
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1. Background

he operation of the intercon-

nected electric power system

in the Nordic countries is an
example of voluntary Nordic colla-
boration which works very well. It is
governed by mutually agreed recom-
mendations and principles and is
directly managed by the national
operations managements without
the need for directives or control by
any superior body.

The Nordic electric power network
started as early as in 1912 when an agree-
ment was made between Denmark and
Sweden to establish an interconnection
across the sea to be able to export
surplus energy from the South Swedish
hydro system to Zealand.

Electrical collaboration between
Norway and Sweden was begun in the
beginning for the 1930s with the electri-
fication of the ironore railway between
the Swedish mines in Kiruna and the
Norwegian port of Narvik. In 1958 an
agreement between Finland and
Sweden was signed regarding an inter-
connection in the north making it
possible to extend the bulk networks in
both countries.

Nordel was founded in 1963 to inten-
sify and structurize the Nordic collabo-
ration on electric power.

The bulk power networks in the
Nordic countries have been successi-
vely extended and dimensioned to
make it possible to transmit the neces-
sary domestic power with acceptable
limitations.

The national networks today are
linked together by a total of 22 tie-lines.
During normal conditions these have
sufficient capacity for the Nordic elec-
tric power system to be regarded as a
single power system which can utilise
the combined production resources
giving total economy with acceptable
limitations.

The production systems in the diffe-
rent countries have been built to meet
the individual domestic needs. Hydro
power has been exploited wherever
topographically, economically and poli-
tically possible. Of course the varying
geographies of the countries have led to
great differences in their utilisation of
hydro power. The use of nuclear power
also differs greatly, mainly for political
reasons. Consequently Norway has an
entirely hydro-based system, Denmark
an entirely fossil-fuelbased system,
whereas Finland and Sweden have a
mix of hydro, nuclear and fossil-fueled

Fig. 1. Type of electric power generation and annual
electricity consumption in the Nordic couniries.

power. These major differences in the
production systems provide an impor-
tant basis for the very valuable and
profitable power-exchange collabora-
tion between the power systems in the
four countries.

This report deals mainly with the
interconnected nordic system. The fifth
Nordic country, Iceland, because of its
geographic prosition does not take part
in the Nordel power exchanges.

2. The power system today

The system for electric supply in the
Nordic area has been moulded by tech-
nical and economical conditions within
each of the countries, and by the possi-
bilities of fruittul collaboration between
them. The need for power is geograhi-
cally determined by how population
and industry are distributed. In the
production phase the exploitation of
hydro power has of course been
governed by natural conditions, such as
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head and flow of water, and by develop-
ments in transmission technology.
However, it has been possible to site
thermal power plants so that transmis-
sion distances to the large load centres
are relatively short.

The growing environmental aware-
ness has made it necessary to consider
many more restrictions than previously
when planning new production plants.
The future development of the electric
power system will therefore be more
and more governed by environmental
factors within the overall field of energy
supply.

Hydro-power

Climatic conditions for the utilisa-
tion of hydro power in the Nordic area
are characterised chiefly by the seasonal
variations. Precipitation and melting
snow culminate during the period May
to October in the most northern
regions. Mild winds from the sea



normally result in high precipitation in
the western paris even during the
autumn and early winter.

However, the power demand is grea-
test during the winter season. In order
to utilise the available energy, water
must be stored. Therefore, in addition
to the power-stations themselves, large
storage reservoirs play an very impor-
tant role in the economics of hydro
power. The storage capacity is chiefly
dimensioned with regard to seasonal
run-off and load-variation cycles. There
is also a certain additional capacity in
order to be able to save water from one
year to the next.

The total reservoir capacity,
expressed in terms of energy, is about
60% of the mean annual hydro-power
production. The largest capacity is in
Norway where the corresponding figure
is 70%. These figures include even
smaller reservoirs, at power-stations
further downstream, which are used for
weekly and daily regulation.

The technical design of the hydro-
power stations varies greatly in the
Nordic plants. The heads vary from a
few meters to more than 1100 meters.
The flow in the largest units amounts to
more than 500 m*/s and for the corre-
sponding power-stations to more than
1000 m*/s. The largest generators are
rated at about 450 MW. However, the
total production capacity is dominated
by the large number of power-stations
rated at 50-400 MW.

The utilisation of hydro-power
stations is determined by their owners.
It is however common within the
Nordic system that stations along the
same river can belong to different
power companies. This calls for colla-
boration regarding matters such as how
common reservoir capacity should be
financed, and how the water shall be
regulated both short-term and long-
term. Independent river-regulation
authorities have therefore been setup in
order to continuously manage the
necessary coordination between the
interests of the owner companies.

Thermal power

There are basically four types of
thermal production capacity in the
Nordic system:
® Back-pressure production coordi-

nated with heating needs within indu-
stry or urban areas. This is fired by oil,
coal, natural-gas or domestic bio-fuel.
e Qil-fired or coal-fired condense
production in units up to 650 MW,

@ Nuclear powerin atotal of 16 blocks in
6 power-stations.
® Gas-turbines using light oil.

During years with normal availabi-
lity of hydro power, mainly nuclear,
back-pressure and coal-fired condense
power is used for any extensive energy
production. Higher run-off than normal
will incrase the possibility of reducing
fossil-fueled production.

The nuclear units are normally
charged so that production is allowed to
fall at the end ofthe charging cycle asthe
fuel becomes spent. This coincides with
the decline in load in springtime. Other-
wise during the production period it is
anticipated that a certain reduction of
output can be necessary during periods
with low load and good access to hydro
power.

The transmission system

The decisive step towards a strong
interconnected Nordic network was
taken when the transmission voltages
300 and 400 kV were introduced. Today
the backbone of the national networks
and the strong interconnecting links
consists of 400 kV lines and stations.

In Finland and Sweden the predo-
minant transmission needs are from
north to south. In southern Norway
they are from west to east. These needs
have motivated successive reinforce-
ments in order to reach a transmission
capacity which is economically in tune
with the available production capacity.
In Denmark the transmission distances
are shorter but the introduction of large
thermal power units on the system, as
well as the interconnection of Jutland
with Germany and Zealand with
Sweden, have motivated a 400 kV
network. The transmission system on
Iceland consists of a country-wide ring
plus a stronger meshed system near to
the capital, Reykjavik.

Sweden is interconnected with all of
the other Nordic countries (except
Iceland). In addition, Norway is inter-
connected with Finland in the north
and with Jutland in the south. There are
also interconnections with other large
systems, from Jutland to the European
UCPTE system (AC links), and from
Finland to the Soviet Union (DC link).

Interconnection with AC links
means that the Nordel network is
operated synchronously, i e with a
common frequency. However Jutland,
which is synchronous with the UCPTE
system, and Iceland, which is geogra-
phically isolated, are not included in the
synchronous Nordel system.
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A condition for connecting the
synchronous Nordel system with other
large AC systems is the utilisation of
DC technology. Thus Jutland has been
connected to both Norway and Sweden
via seacables and converter stations.
The DC-link between Finland and the
Soviet Union, however, is built “back-
to-back”, which means that the two AC
systems meet in the same station on the
Soviet side.

The new DC-link, Fenno-Skan,
connects southern Finland with central
Sweden. Fenno-Skan thus constitutes a
controllable transmission link within
the synchronous system. This feature is
utilised in order to distribute the trans-
mitted power optimally within and
between the two countries.

Transmission technology today is so
well-developed that there is no limita-
tion for interconnecting large power
systems. However continued exten-
sions and reinforcements meet with
other problems which in rural areas
mainly originate from nature-conserva-
tion interests and in urban areas are due
to unavailability of land. It is therefore
necessary to develop new technology in
orderto reduce land-encroachment and
other influences on society and
mankind.

The interconnected system

In a perspective which ignores
national and ownership boundaries,
the Nordel system constitutes a
combined hydro and thermal capa-
city which supplies a geographically
unevenly distributed load. The
hydro-power resources are located
largely in the system’s north-western
region and the thermal power in its
south-eastern region. The transmis-
sion capacity between these regions
is very large.

A reliable and economic power
supply is dependent upon a number of
external factors which can be difficult to
foresee or influence. The most impor-
tant for the Nordel system are:

- inflow for hydro power

- price and availability of fuel

- availability of production units

- disturbances and breakdowns

- the sensitivity of the load for weather,
economic conditions in society etc.

In the interconnected Nordel
system the risk for a simultaneous nega-
tive influence from several of these
factors is well spread between the diffe-
rent types of power and between the
responsible power companies. There is



therefore a very good capability to
jointly withstand strains on the power
balance for the whole system or for indi-
vidual companies. On the other hand
favourable conditions can be made use
of in the entire system with economic
gains for all.

The advantages are realised in the
operating phase by numerous power-
transfers between different parts of the
system. The energy which is trans-
mitted between countries and compa-
nies is regulated by agreements to
exchange firm and occasional power
which are continually made between
the operations managements for the
different parts for the system.

3. Nordel recommendations

Nordel which is an organisation for
cooperation between electric power
companies in the Nordic countries of
Denmark, Finland, Norway and
Sweden is an advisory and recommen-
datory body whose aim is to further
international, primarily Nordic, coope-
ration as regards the production, distri-
bution and utilisation of electric energy.
Nordel does not make any decisions
regarding extensions to the system etc.
but issues recommendations which will
constitute the guideliner for the coope-
ration.

Nordel consists of four members
from each of the member countries.
These members are leading personali-
ties within the power supply industry in
their respective countries.

A large proportion of the work is
carried out in the three committees
Operations Committee, Planning
Committee, and Environment and
Production Committee which are
composed of specialists from the power
companies in the Nordic countries. One
task for the committees is to prepare
proposals for recommendations.

Nordel is independent of political
authorities. However, in order to main-
tain good relations with the authorities,
information is exchanged with them.
Nordel has no budget or personnel of its
own. The member companies contri-
bute to the activities with the work
performed by their personnel. This
guarantees that the intensions of
Nordel are realised in the best possible
way in the daily activities of the power
companies.

Nordel’s recommendations further
the technical and economic operation
of the interconnected Nordic power
system. By means of the basic principle
that the value of electric power coopera-

tion shall as far as possible be shared

equally by the participating countries,

the recommendations are advanta-

geous for each country and this is a

motive for their being followed.

The following reports, and the
recommendations based on them are,
among others, important for the opera-
tional cooperation:
® “Driftsamarbetet inom Nordel”, 1971.

(Operational Cooperation within
Nordel). The report describes the
conditions and methods for optimi-
sing operational economic coopera-
tion in the Nordic power system.

Nordel has recommended that
affected power companies shall apply
the principles laid down in the report.

e “Dimensioneringsregler  for  det
samkérande nordiska nitet”, 1972.
(Dimensioning principles for the
interconnected Nordic network).
The rules stipulate that the power
system shall withstand certain
defined contingencies without loss of
load, static or dynamic instability, or
unpermissible lasting changes in
voltage or frequency.
Nordel has recommended that these
dimensioning rules shall also be
applied as a guide for the operations
managements of the entire intercon-
nected system.

@ “Driftickniska  specifikationier for
viirmekraft”, 1982. (Operational speci-
fications for thermal power).

The report specifies demands on
thermal power stations in order that
they can be operated securely and
economically.

Nordel has recommended that power
companies concerned shall apply the
suggested specifications.

® “Automatiska  driftitgirder och
gillande regler rorande driftreserveni
det synkrona nordiska kraftystemet
som bestir av Danmark oster om
Stora Bilt, Finland, Norge och
Sverige”. 1983. (Automatic opera-
tional measures and valid rules regar-
ding the operating reserve in the
synchronous Nordic power system
consisting of Denmark east of the
Great Belt, Finland, Norway and
Sweden).

The report contains definitions and
rules for automatic frequency control
and disturbance reserve.

Nordel has recommended that the
report shall apply.

@ “Koordinerat frekvensstyrt natvarn i
det synkrona Nordelomridet”, 1983.
(Coordinated underfrequency de-
fence schemes in the synchronous
Nordel area).

==

The report describes the principles for
automatic loadshedding, utilisation
of HVDC-links and islanding in
connection with severe operational
disturbances.
Nordel has recommended that the
report shall apply.

® “Reservkrav i Nordel systemet”, 1988.
(Operation Reserve in the Nordel
system).
The report contains definitions and
rules for operating reserves during
power-shortage conditions.
The Nordel Operations Committee
has decided to apply these rules on a
trial basis until further notice.

4. Responsibility of opera-
tions managements in the
different countries

There is no overall Nordic opera-
tions management. However Vatten-
fall has a coordinating responsibility
for frequency control and demands
on operating reserves. The individual
national operation mangements are
otherwise responsible for the opera-
tions management of the intercon-
nected Nordel system. They are thus
responsible for the operation of their
own systems and for power
exchanges with  neighbouring
systems, by bilateral agreements with
the respective operation manage-
ments.

Each national operations manage-
ment is responsible for the technically
and economically optimum operation
of his own system. The technical and
economic benefits which result from
the Nordic exchanges shall be divided
equally between the countries partici-
pating. This means that it is in the
interest of the national operations
managements to participate directly in
these exchanges as much as possible. In
this way the Nordel exchanges become
a natural part of the operation of each
individual system.

The executive bodies for the
national operations managements, are
the National Control Centres. All of the
control centres are equipped with
modern computerised information
systems to enable the continuous
supervision of production, network
operations and power-exchanges.
There are also various systems for
short-term planning, primarily for some
days ahead.



Fig. 3. Interior view of the National Control
Centre at Vattenfall, Sweden.

The responsibility for the national
operations managements in the diffe-
rent Nordic countries is organised as
described below.

Denmark Jutland

ELSAM is a coordinating body for
the seven regional power companies
who are responsible for 99% of the
power supplies on Jutland and Fyn.

ELSAM is responsible for:

- Coordination of the daily operations
so that the total production apparatus
is utilised in the best way technically
and economically.

- Operation and supervision of the bulk
power system on Jutland plus tie lines
to foreign systems.

- Power exchanges with Sweden,
Norway and Western Germany.

Denmark Zealand
ELKRAFT is a coordinating body
for the three power companies who are
resonsible for power supply east of the
Great Belt.
ELKRAFT is responsible for:
- Load distribution between the power
companies’ power stations in order to
minimise production costs with

regard to certain defined rules for
security of supply.

- Operation and supervision of the bulk
power network on Zealand and the tie
lines to Sweden.

- Power exchanges with Sweden.

Finland

In Finland the responsibility for
electricity supply is shared between
Imatran Voima Qy, IVO, (45%), muni-
ciple power companies (15%) and indu-
stry (40%).

IVO has the national operations
management function and is respon-
sible for:

- Production management for IVO
production and power exchanges with
other Finnish power producers within
the framework for an agreement
whereby the aim is to optimise the
utilisation of the Finnish system.

- Operation and supervision of the
Finnish bulk power network and tie
lines to foreign systems.

- Power exchanges with Sweden,
Norway and the Soviet Union.

Norway

In Norway the responsibility for
electricity supply is shared between a
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large number of companies owned by
the state, counties, municipalities or
private interests. The biggest producer
of electricity is STATKRAFT which is
responsible for 27% of the Norwegian
production.

SAMKI@RINGEN is responsible
for the internal Norwegian power
exchanges between the power produ-
cers. The aim is a rational utilisation of
the companies’ power stations, procure-
ment and exchange of electric power
and associated acitivities.

STATKRAFT is responsible for
power exchanges with Denmark,
Sweden and Finland.

Sweden

In Sweden the responsibility for
power supply is shared between Vatten-
fall (50%), municipally-owned power
companies (20%) and private compa-
nies (30%).

VATTENFALL has the national
operations management function and is
responsible for:

- Production management for Vatten-
falls production and power exchanges
with other Swedish companies within
the framework of an agreement
whose aim is to optimise the utilisa-
tion of the Swedish system.

- Operation and supervision of the bulk



power network in Sweden and the tie
lines to foreign systems.

- Power exchanges with Jutland and
Finland.

- Power exchanges with Norway via a
coordinating body (KSN) working in
close conjunction with the National
Control Centre.

KSN is the power industries’ coordi-
nating body for power exchanges with
Norway. Its function, which is
managed by Vattenfall, is to coordi-
nate the wishes of the four Swedish
owners of the tie lines to Norway
regarding power exchanges.
SYDKRAFT is responsible for
power exchanges with Zealand and
coordinates its own and Vattenfall’s
wishes regarding these exchanges.

5. The Daily Nordic power
exchanges

Nordel recommendation

In 1971 Nordel recommended a
report, “Operational Collaboration
within Nordel”, written by the Opera-
tions Committee. This meant that the
power companies concerned shall:

- utilise the “marginal value prin-
ciple” when planning production; i
e let the running costs for the
various production units deter-
mine their utilisation.

- try to apply comparable methods of
calculating the marginal value.

- use the calculated power value as a
basis for production planning and
agreements on power exchanges.

- aim for equal profit-sharing of bila-
teral power exchanges.

- limit the price for power exchanges
to a certain maximum amount (at
present 75 SEK/MWh) above the
seller’s production cost.

Since the report was written the
Operations Committee has continuo-
usly followed up all power exchanges
and related them to the above princi-
ples. In Nordel’s Annual Report for 1980
there is a special article written by the
Operations Committee on power
exchanges. This article explains in
detail what is meant by “marginal value”
(also called “marginal power value”,
“power value”, “border-network price”,
etc.).

In addition the Operations
Committee during 1985-86 has carried
out athorough revision of the principles
for determinig marginal values and
pricing of occasional power. The

Committee found that the power
exchanges work extremely well and
recommended that the principles shall
continue to apply.

Aims of the exchange of
occasional power

The main aim for the electric power
collaboration is to minimise the total
production costs in the Nordel system.
This is achieved by constantly trying to
ensure that the production units are
used in order of increasing cost, irre-
spective of which country they are
located in, until the total demand in the
Nordel system is supplied. The produc-
tion in any one country will then
probably not correspond to the
consumption in that country. Part of the
difference is due to firm exchanges of
power. The remaining differences
represent the optimal exchanges of
occasional power between the coun-
tries. Exchanges of occasional power
are thus the means used by the power
companies to try to minimise the total
production cost.

On the practical level the power
companies within Nordel must:

- utilise the combined hydro reso-
urces and avoid spilling.

- utilise the combined nuclear reso-
urces optimally.

- utilise fossil power in cost order.

Exchanges of occasional power are
also a means of mutual aid between the
countries in situations of shortage. For
example during dry years in a hydro
system, rationing of electric power can
be avoided by importing fossil power
from a thermal power system during
off-peak periods. During major opera-
tional disturbances resulting in loss of
load in one system, normal operating
conditions can be restored more
quickly with the help of imports from a
neighbouring system.

Basic requirments

® Djfferences in power systems.
Conditions for exchanging occasional
power between the Nordic countries
are very favourable as the production
systems are very different. Norway is
completely hydropower dominated
and Denmark completely thermal-
power dominated, whereas both
Sweden and Finland have a mixture
of hydro and thermal power. The
Danish thermal power is chiefly coal-
based, the Finnish chiefly coal and
nuclearbased, and the Swedish
chiefly nuclear and oil-based.

Fig. 4. Electric energy exchanges between the
Nordic countries 1980-1989.
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The Danish and Finnish production
apparatuses are powerdimensioned.
This means that if the power-stations
together can satisfy the annual
maximum demand, there is no
problem in covering the total energy
demand asuming thatfuel isavailable.
The Norwegian and Swedish produc-
tion apparatuses, on the other hand,
are energy-dimensioned. This means
that if the annual energy demand can
be satisfied, there is no problem in
meeting the annual maximum power
demand.

The differences in the power systems
means that exchanges of occasional
power will give large profits because:

- the large variations in annual
hydro-power production can be
balanced by importing fossil-
based power from power-dimen-
sioned systems during dry years
and exporting hydro power to
thermal power systems during
wet years to the benefit of the
environment. _

-the production capability in
nuclear power can be utilised
better thanks to the regulating
capability of hydro power and by
replacing fossil-based power.

- power-dimensioned  thermal-
power systems can utilise power
surplus in energy-dimensioned
hydro-power systems during
periods of peak load and thereby
avoid using the most expensive
and environmentally least attrac-
tive units.



Fig. 5. Transmission capacities on the
interconnections for the stage 1990.
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® The capacity of tie-lines.
The aim for dimensioning and exten-
ding interconnections is to establish
the exchange capacity which is econo-
mically and environmentally moti-
vated with regard to the profits which
can be made from the power
exchanges. This criterion means that
the interconnection capacity in some
cases is insufficient but in other situa-
tions is quite sufficient.
The interconnection capacities which
at present exist between the Nordic
countries are shown in fig. 5. These
are considered to be sufficient for very
far-reaching exchanges within Nordel
where the interconnected system can
practically be regarded as one system.

®
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® Esiablished rules and principles.

A condition for well-functioning
power-exchanges is that there are
well-defined rules and prinicples
which are accepted by all parties
who participate and that there is a
free exchange of information about
production conditions, production
costs etc. Within Nordel the follo-
wing rules are applied for the
exchange of occasional power:

- The power-exchanges are decided
bilaterally between the control cen-
tres in the interconnected system
independently of one another. Deci-
sions regarding different bilateral
exchanges are usually not synchro-
nised but are made at different times.
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- Participation in power exchanges is
voluntary and is only entered into if
both parties are in agreement.

- Marginal values shall be calculated
according to rules recommended by
Nordel. The rules are always
followed by the operations manage-
ments.

- Information about actual marginal
values are exchanged openly
between all the participating opera-
tional managements.
Stipulated notification times shall
be observed when agreeing power
exchanges. Power exchanges can be
agreed for one hour at a time or for
longer periods and be changed
within the framework of the notifi-
cation time, normally one hour.

- The profit from an exchange of
power is divided equally between
the buyer and the seller which
normally means that the power is
sold at a price which is the average
value of the seller’s and the buyer’s
marginal values.

- When the buyer does not have any
alternative production ofhis own, or
when he only has extremely expen-
sive production, the seller’s profit is
maximised to his own production
cost plus a profit margin which is at
present 75 SEK/MWh.

- The operations management shall
always, around the clock and every
day of the year, be prepared to make
agreements on power exchanges
and modify his own production
system in accordance.

Assuming that the marginal values
are correctly set each power exchange
will lead to lower total production
costs and will motivate the partici-
pants to make profitable power
exchanges which result in the best
total production economy.

Operating plans from Nordel
Operations Committee
One of the responsibilities of the
Operations Committee is to compile
power balances and plans for the opera-
tional planning period up to three years
ahead and to distribute these to the
operations managements in the partici-
pant countries. This information is used
in the various countries for operations
planning and determining the develop-
ment of long-term powerexchange
possibilities.
The following power balances and
plans are compiled and distributed:
- Power and energy balances for the
next three calender years. These
largely illustrate the long-term de-



velopment of the power balances in
each country.

- Plans for the next year for stoppage of
large thermal power plants for annual
maintenance. From these plans it is
possible tojudge possible and suitable
exchanges of occasional power as a
result of these necessary interruptions
in production.

- Energy balances are compiled before
and during each operating season on
three different occasions for the
period up to the next spring flood.
From these balances it is possible to
determine probable exchanges of
energy.

- Detailed power balances in prepara-
tion for the coming winter period are
compiled for each country. From
these probable needs and possibilities
for power exchanges at peak load
periods can be determined.

Bilateral meetings for operation

managements %

The operation managements in the
different countries meet regularly in
operations meetings where the bilateral
interconnections and their possibilities
are discussed. Such operations
meetings are held a few times per year
for each of the bilateral interconnec-
tions:

- Zealand-Sweden  (Elkraft-Sydkraft-
Vattenfall).

- Jutland-Sweden (Elsam-Vattenfall).

- Finland-Sweden (IVO-Vattenfall).

- Norway-Sweden (Statkraft-KSN).

- Norway-Jutland (Statkraft-Elsam).

- Norway-Finland (Statkraft-1VO).

At these operational meetings the
following main topics are dealt with:

- Acutal power situation and the power
balance for the coming season.

- Planned outages for production units
and lines.

- Transmission limitations on the tie
lines.

- Forecast fuel prices.

- Forecast power exchanges for the
coming six month period.

The most important result from
these meetings is the power-exchange
forecast which is decided upon and used
by both operations managements in
their planning. Important results can
even be changes in the timetable for
planned outages for production units or
lines in order to minimise total costs
and maintain the operational security.

Weekly exchange of information

In connection with the detailed
planning of operations for the coming
week, the operations managements

Fig. 6. The operative cost for the generation
resources in cost order for the countries.
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exchange the following information for

their systems:

— The largest loss of production which
can occur.

- Planned line-outages.

- Transmission limitations on tie-lines
and in the national networks.

-Operating reserves.

-Forecast marginal values.

Continuous power exchanges

Starting from the economically opti-
mised production plans the operations
management in each country is respon-
sible for:

- the continuous short-term forecast of
electricity demand.

- the continuous re-planning of elec-
tric-power production with regard to
wrong forecasts, production distur-
bances, transmission limits etc.

- the continuous regulation of the elec-
tricity production within his own
system in order to maintain the power
balance.

The operations managements
decide the marginal values in their own
systems, based on the actual production
situation and valid production plans,
and exchange them with each other.

As the marginal values in the inter-
connected system are known, possibili-
ties of power sales to countries with
higher marginal values and purchases
from countries with lower marginal
values are continuously weighed up.
The operational managements con-
cerned contact each other by telephone
and agreements are made on power
exchanges.

Agreements on power exchanges:
- shall be made with regard to the valid
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4 LAND B
Country B

A
Laglast Low load
1

Hoglast Peak load

prior notification time, usually at least
one hour before the start of the power-
exchange.

- shall specify the amount of power to be
exchanged for one or several hours.

- shall specify the price in the form of'an
average price between buyer’s and
seller’s marginal values.

The power exchange is then taken
up in the power balances of the coun-
tries involved and production can be
adjusted to compensate for the
exchange. Supervision that the
exchange actually occurs as agreed is
achieved in the Nordel system by the
operation managements in Denmark,
Finland and Norway adapting their
production control accordingly.

Figure 6 shows an example of how a
power exchange comes about.

The figure shows the production
cost and power generated for the power
stations in countries A and B ranked in
the order of increasing production
costs, SEK/MWh.

In the low-load alternative, the
countries produce P A and PR MW with
marginal values KA and K. If country
A increases and country B reduces
production with an amount AP MW,
the profit will be AP - (KB - KA). This
can be achieved by means of a power
exchange of AP MW from country A to
country B. The profitis shared equally if
the exchange price is

KB + KA SEK/MWh.
2

The case for the peak load period
however, means that power shall flow
from country B to country A in order to
reduce the total production costs.



The example illustrates that the size
and direction of a power exchange
depends completely on the power
balances and marginal values in the
interconnected countries. There are no
general rules for the direction of power
exchanges but the following natural
pattern basically applies:

- During wet years the power
exchanged mainly goes from hydro-
power systems to thermal-power
systems and vice versa during dry
years.

- During flooding periods (spring flood
and autumn flood) the power
exchanged usually goes from hydro-
power systems to thermal-power
systems.

- During peak-load periods the power
exchanged usually goes from hydro-
power systems to thermal-power
systems.

- During low-load periods the power
exchanged often goes from thermal-

power systems to hydro-power
systems.
Power exchanges in connection
with disturbances

In connection with production distur-
bances power exchanges provide the
opportunity of utilising reserve power
from other countries to help the country
where the disturbance has occurred.

Consider the situation when a
nuclear power block in Sweden trips
out. By automatic regulation (see the
sections on frequency regulation and
production reserves) the instantaneous
spinning reserve which shall be kept
available in each country is activated.
Then Sweden must replace the lost
production within 15 minutes by star-
ting fast reserve units (which can be
gas-turbine production) which later
must be replaced by slow reserve
production (which can be oil-condense
production). Both of these reserves
have high production costs,

As an alternative to gas-turbine
production the operations manage-
ment in Sweden can contact that in
Norway and agree to buy support power
from Norway. Such support power can
be agreed upon without any prior notice
and hydro-power production in Norway
can be quickly increased. Support
power is priced by adding the maximum
profit margin, at present 75 SEK/MWh,
to Norway’s marginal value. If this price
is lower than the cost for Swedish
gas-turbine production the Norwegian
support power is chosen.

The Swedish long-term alternative
for replacing the loss of the nuclear-

power block is oil-condense produc-
tion. As an alternative to this the opera-
tions management in Sweden can
contact that in, for example, Denmark
and enquire about a normal power
exchange whereby the Swedish
oil-condense value is compared with
the Danish coal condense value. If the
latter value is lower the power exchange
can be agreed.

Many other types of disturbances
can be dealt with in a similar fashion.
This is irregardless of which country is
affected and of the type of disturbance.

In connection with major opera-
tional disturbances with loss of load it is
possible without giving prior notice to
agree on exchanges of support power
which make it possible to restore power
supplies to the customers more quickly.
The pricing of such support power is
usually decided upon afterwards.

6. Production control

Principles for production control
can differ greatly depending on the
character of the power system. In the
Nordel system a form has been chosen
which takes advantage of the large
proportion of hydro-power and which
well matches the decentralised decision
structure.

The synchronous Nordel network
acts physically as a single unit where the
total mechanical power fed into the
turbines is balanced by the load power.
The system has a stored kinetic energy
in the rotating masses in turbines and
generators. Thisis used asabuffer when
the balance is disturbed. The genera-
tors’ electrical production always
follows the load. If this suddenly
changes and the driving power to the
turbines is unchanged, the difference
must be compensated for by the kinetic
energy. What happens is that the speed
of rotation, which decides the
frequency, suddenly increases or
decreases. This continue until the
turbine power is adjusted so that
balance is once more obtained. With
the exception of the variations in
frequency, i e kinetic energy, which are
permitted, the driving power to the
turbines must be constantly adjusted so
that it follows the load and the losses in
the transmission system. Production
control includes both the techniques
and the organisation needed for achie-
ving this.

Technically production control is
subdivided into two parts:

- primary regulation.
- secondary regulation.
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Primary regulation is achieved by
providing a large number of units with
turbine-regulators which change the
flow of water or steam in proportion to
the wvariations in frequency in the
network. The combined effect of all of
these makes up a regulation response,
or regulating strength, expressed in
MW/Hz. A limited change in load can
therefore be compensated for by the
automatic primary regulation. If the
total regulating strength is known, the
remaining frequency deviation shows
how much of the total production is
contributing to the automatic
frequency regulation.

Secondary regulation involves larger
changes in production, usually brought
about by manual control. In hydro-
power stations this means starting or
stopping units, or radically changing the
set value for the flow of water. In
thermal-power stations it is brought
about by regulation at a certain rate
(MW/minute) to the required level.

Secondary regulation is initiated
partly in conjunction with primary regu-
lation and partly to meet larger changes
in load which can be anticipated in the
production-planning process. In the
first instance it is initiated when the
frequency nears its acceptable limits,
49.9 or 50.1 Hz.

As regards organisation, the respon-
sibility for production control is distri-
buted as follows.

The system demands for sufficient
capacity for primary regulation are met
by not allowing the total regulating
power to fall under a certain limit,
usually set at 6000 MW/Hz. The
responsibility for maintaining this value
is distributed between the Nordic coun-
tries in proportion to their annual
consumption as follows:

Norway 1940
Sweden 2630
Finland 1160
Denmark 270
6000 MW/Hz

In Denmark only Zealand takes part
in the continuous frequency regulation
for the Nordel system.

It is up to each national operations
management to continuously ensure
that his country maintains its quota of
the regulating strength. If this leads to
great costs due to losses or nonoptimal
production distributions, it is possible
to make bilateral agreements. Surplus
of cheap regulating strength in one
country can be substituted for regula-
ting strength in another country. This
can be done with or without economic



compensation according to the wishes
of the involved parties.

The apportionment of demands
between the power companies within
each country is carried out according to
principles which are agreed upon inter-
nally.

Primary and secondary regulation
should be seen as an integrated process
where the work for regulating load
variatons is divided between automatic
and manual action. This alternates be-
tween one and the other continuously.

In a large synchronous system the
effects of the cyclic and random varia-
tions in load are combined to form a
common load which the production
apparatus must follow. Apart from
transmission losses, a given regulating
action will have the same effect on the
power balance irrespective of where in
the network it is carried out.

In the Nordel system however,
consideration must be paid to transmis-
sion limits and to the conditions for
short-term regulation with regard to
production economy in each country.
The basic principle is therefore that
each country is responsible for the
secopdary regulation that its own load
requires.

This means that it shall be possible
in each country to regulate to compen-
sate both for the large daily variatons
and for the irregular trends, e g owing to
changes in the weather. The more ran-
dom variations on the other hand may
be dealt with by the primary regulation
as long as transmission limits allow it.

The responsibility for regulation is
usually shared by the different power
companies who take part in the inter-
connected operation. In this way the
total regulation work is decentralised to
a very high degree.

The basic production-economic
decisions as to how the regulation work
shall be performed are made indepen-
dently within the various power compa-
nies.

The production capacity for each
power company is technically and
economically dimensioned with regard
to the size and character of the compa-
nies’ own load. When performing short-
term production planning the actual
load conditions and the regulating capa-
bility of the different production units is
considered.

The economic conditions for regula-
tion can vary considerably during the
year, in particularly depending on
run-off conditions for the hydro-power.
By utilising possibilities of exchanging
occasional power within and between

countries, large costs can be avoided.
These variations in magnitude and in
price of the power exchanges thus
reflect the actual conditions for short-
term regulation in the Nordel system.

In order for the decentralised deci-
sion structure to be able to work within
the framework for the technical opera-
tion of the Nordel system, it is necessary
to continually monitor that certain
criteria are fulfilled. It is primarily the
national operations managements who
are responsible for this.

The most important criteria are:

- that the network frequency is between
49.9 and 50.1 Hz.

- that the time-variationis less than =10
seconds.

- that the transmission limits are not
exceeded.

The network frequency reflects how
the regulation work is divided between
primary and secondary regulation
within he Nordel system on the whole.
It says nothing though about how the
regulation is divided between the diffe-
rent component systems or how the
division affects transmission condi-
tions. Therefore the area control erroris
used as a total measuring quantity.

The area control error, [, is defined
according to the following equation:

Ij = APj + Rj - Af where
APj is the total deviation in MW
between actual powerand agreed power
on the tie-lines from component system
i to the other component systems.
Rj is the total regulating strength
MW/Hz within component system i.
Afis the frequency deviation from 50.0
Hz for the total system.

The area control error is chiefly of
interest within the component systems.
For the whole system the deviations in
power flows cancel out one another, i e
and the equatioﬁ is reduced to:

I=I R, Af
i e the area control error shows the utili-
sation of the primary regulation as it has
been described above.

Norway and Sweden have a
shared responsibility for ensuring
that the frequency deviations are
kept within the permissible limits.

In special rules for frequency
regulation and production control
during normal conditions, which
were agreed by the Operations
Committee in 1979, a framework was
fixed for the permitted variations in
area control error. The main reasons
for formulating this were:

-, -

-to ensure sufficient quality for
frequency and synchronous time.

- to make it possible to improve the
total economy in the Nordic electric
power system, and to allow a reaso-
nable division of the resulting profit.

- to make possible the best utilisation of
the national production apparatuses
and transmission networks.

- to make possible a high utilisation of
the tie-lines between the Nordic
countries.

At the same time these rules give a
better precision of production control,
because they make it clear which part of
the system is repsonsible for any large
deviations in regulation and which
therefore should take action.

There are no direct economic sanc-
tions connected to the utilisation of the
degrees of freedom which the principles
for area control error operation allow. In
the ordinary settlement of accounts
however, the hourly values of the devia-
tion between agreed and actual energy
exchanges are recorded. The pricing of
this non-agreed power differs depen-
ding on the interconnection. For some
interconnections the deviations are
priced in such a way as to economically
discourage unwanted exchanges.

Within each country there are also
different systems for internally identi-
fying and pricing deviations from
planned power echanges between inter-
connected companies. In general they
are so arranged that the economic
consequences are made clear in the
operational phase. Thus they provide a
control instrument for the national
operational managements. In this way
corrective action for the power balance
can be achieved in a correct way from
the points of view of production
economy and division of responsibility.

The description of the structure for
production control can briefly be
summarised in that the basic responsi-
bility for regulating the large load varia-
tonsis delegated to each separate power
company. Within the power companies
a comprehensive production planning
is carried on, both short-term and long-
term. The short-term planning is
carried on until the nearest hours.
Thanks to these planning processes an
optimal utilisation of the production
resources is obtained. The possiblities
for exchanges of occasional power
within the entire Nordel system are
taken advantage of to even out and
reduce the total costs for regulating the
load variations.

The advantages with the intercon-
nected Nordel system are gained as



random load variations can be dealt
with by the combined resources for
primary regulation (regulating power).
The Nordel system is favorised by its
large proportion of hydro power. The
hydro-power stations are technically
and from the point of view of water-flow
designed for simple short-term regula-
tion (secondary regulation). During
normal operation at the best efficiency
there is a production margin for the
regulating strength to act upon. Thanks
to the contributions from many stations
a sufficient capacity is obtained to cater
for primary regulation and disturbance
reserve at very low cost.

7. Production reserves

In order to live up to reasonable
demands on operational security in the
power system, reserve capacity must be
kept available to meet sudden distur-
bances which can occur. The principle
used to evaluate the operational secu-
rity is generally to firstly identify
so-called “dimensioning faults” and
then to make sure that the system can
withstand one such fault without resul-
ting in widespread interruptions to
COnsSumers.

Production reserves shall be avai-
lable chiefly to cope with disturbances
to the power balance. In certain cases
there are demands as to the location to
parts of the network to which transmis-
sion capacity is or can become limited
owing to a disturbance.

The availability of the reserves
assumes that they have been consi-
dered when planning the utilisation of
the production units. Demands on
reserves must therefore be expressed in
a systematic way.

Within the Nordel system the follo-
wing method is applied for quantifying
different categories of reserve.

Firstly the operating reserveis split up
into the normal operating reserve and the
disturbance reserve.

- The normal operating reserve shall be
available for frequency regulation and
to cover deviations from forecasts,

- The disturbance reserve shall be avai-
lable during disturbances in the power
balance or in the transmission system.

The demands on activation time are
expressed both for normal operating
reserve and disturbance reserve by
subdivision into:

- Instanteous reserve max 30 s

- Fast reserve max 15 min

- Slow reserve max 4h

The national operations manage-

Regula- Freq. Dim. Distri- Inst.

ting reg. fault bution disturb.

strength reserve O reserve
Norway 1940 194 900 26 247
Sweden 2630 263 1150 34 323
Finland 1160 116 700 21 200
Denmark 270 27 650 19 180
6000 600 100 950

ments have the basic responsibility for If the instantaneous reserve is

deciding
reserves.

However, the capacity in the inter-
connected Nordel system is such that
the instantaneous reserve can be coor-
dinated and it is not necessary to keep
reserve for all of the countries’ dimen-
sioning faults. Power contributions
from all parts of the network can
combine to cover the loss of the largest
production unit. In the same way the
combined regulating strength can cope
with the normal variations in load as
described in the chapter on production
control above.

Loss of production is assumed to be
independent of other network faults.
The reserve contributions can therefore
be transmitted within the margins
which are required to cope with faults
on the transmission networks.

These coordination possibilities
have been taken advantage of in order to
radically reduce the costs for keeping
reserves. For the instantaneous normal
operating reserve, or frequencyregula-
ting reserve, the demands for each
country are linked to the demands on
regulating strength. The reserves shall
be available when the frequency varies
+ 0.1 Hz. The required MW will thus be
0.1 times the required regulating power
in MW/Hz. The frequency-regulating
reserve is thus necessary for the primary
regulation which has been described in
chapter 7.

The instantaneous disturbance
reserves are continuously dimensioned
based on the largest of the different
dimensioning faults for the different
countries. This is decided weekly, or
more often if necessary. The reserve
poweris divided among the countries in
proportion to the respective dimensio-
ining faults.

A possible distribution of the
common reserves can be illustrated by
the following table.

Denmark’s contribution to the
disturbance reserve is fulfilled partly by
automatic regulation of the HVDC-
links to Jutland.

and keeping necessary
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utilised, fast reserve shall be available in
order to free the instantaneous reserve
again within 15 minutes. In this way the
responsibility to compensate for the
disturbance is transfered to the opera-
tional management of the country
where the fault has occurred. Fast and
slow reserve must therefore be available
in each country, dimensioned afterlocal
criteria. Therefore there is no further
coordination of these reserves within

Nordel on a regular basis.

Owing to its geographically central
location, Sweden, via Vattenfall, has
been given the role of coordinating the
routines for planning and supervising
the common reserves.

Bilateral agreements can be made
between the operations managements
of adjacent systems regarding the coor-
dination of keeping reserves. Mutual
agreements can also be made regarding
help in the form of support power when
disturbances occur. This means that
power can be delivered at very short
notice to reduce the costs for activating
very expansive production reserves.

The national operations manage-
ments thus have the following duties to
perform to deal with operating reserves:
- Identify dimensioning faults.

- Inform Vattenfall each week of the
conditions for reserve coordination
and regulating strength.

- Vattenfall shall each week notify the
other operations mangements which
demands for reserves shall apply.

- Ensure that operating reserves are
taken into consideration when plan-
ning production.

- Supervise that his own country fulfills
its reserve requirements.

- Supervise that requirements passed
on to other power companies within
the country are fulfilled.

8. Transmission capacity

The geographic extent of the Nordel
system has meant that very long lines
have had to be built to interconnect
countries and their distant parts. For the



national networks and the tie lines,
great attention must therefore be paid
to transmission conditions, both in the
planning and the operations stages.

The problems associated with the
transmission of large amounts of power
over long distances are:

- Dynamic and static instability.
- Voltage instability.
- Thermal overloads.

In earlier stages of its development
the Nordel system has been more sensi-
tive for dynamic and static instability.
However as the network has been rein-
forced, it has become possible to
transmit more power. The sensitivity
has instead transfered to the ability to
maintain the voltage during strained
conditions.

The reactive power conditions for
avoiding voltage collapse have there-
fore been spotlighted.

Thermal overloads normally only
limit operation during abnormal condi-
tions when the network is not intact.

The extension of the network has
been based on the development of the
production system and the transmis-
sion needs which have resulted. The
capacity of the tie lines has been moti-
vated by the economic advantages of
power exchanges.

The transmission limits in the
critical sections in the system are always
related to a desired level of operational
security. This is in turn based on the
severity of the disturbances which the
system shall withstand. Within Nordel
this has been specified in the previo-
usly-mentioned “Dimensioning princi-
ples for the interconnected Nordic
network”.

These dimensioning principles
define in certain fixed criteria which
network faults shall be able to occur
during maximum transmission
levels, without jeopardising the
system’s capability to maintain
supplies. The criteria thus mean that
we accept a small risk of more severe
faults leading to widespread distur-
bances. On the other hand the
system can withstand such severe
faults during those periods of the day
when transmission levels are lower.

The level of operational security
which applies when planning exten-
sions shall also apply as a basis for the
operating principles for the system.
This is judged theoretically to give an
optimal utilisation of the system from
the points of view of economy and
operational security. The great varia-
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tions in operating conditions however,
mean that the level of operational secu-
rity in the operating phase varies with
respect to that in the planning phase.

The national operations manage-
ments are responsible for the opera-
tional security within their own trans-
mission networks. They are therefore
given the authority to intervene in
various ways in the operation of the
interconnected power companies
within their own countries. The main
functions for the operations manage-
ment are:

- To define and supervise transmission
limits.

- To define and supervise operating
reserves for active and reactive power.

- To order switching in the network.

- To plan and approve disconnections
of plant.

- To be responsible for correct fault-
clearance by relay protection.

- To be responsible for the settings of
automatic functions in the system.

- To analyse disturbances and take
corrective action.

- To write instructions for operational
action.

For the tie lines the responsibility is
shared between the operations manage-
ments for the respective systems. They
collaborate continually to reach mutual
decisions on questions falling within
their area of responsibility. Decisions
are thus made on a bilateral level.
Within Nordel there is no superior deci-
sion level. Within the common organs
such as the Operations Committee and
its working group for system questions,
NOSY, guide-lines are discussed and
suggested as a support for the decision-
making within the operations manage-
ments.

The operations managements need
effective aids in order to be able to
analyse and supervise the operating
conditons in the system. The setting of
transmission limits and coordination of
relay protection requires considerable
calculations using computerised aids.
Formany calculations the entire Nordel
network must be represented. This
means that large quantities of technical
data must be exchanged between the
countries. This is eased considerably by
the fact that those responsible for opera-
tions and planning within Nordel use
the same calculation programs for
analysis of the system’s static and
dynamic properties.

The operational analyses are aimed
at defining possible transmission limits
for current production and operating
conditions. Special attention is paid to
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abnormal operating conditions caused
by planned outages for maintenance or
extension work. In the calculations the
faults which are included in the criteria
for operational security are simulated.
The work results in guide-lines for
operating reserve, settings for protec-
tion and automation etc. which is
judged necessary to be able to utilise the
defined transmission limits in the diffe-
rent sections of the network.

The aids for supervising operations
are today well established at the various
operations managements. Work is in
progress to extend the exchange of
information between the national
control centres. This will make possible
a mutual instantaneous update about
conditons which are important for the
evaluation of operational security and
power exchanges on the tie lines.

9. Defence schemes

In order to be able to achieve imme-
diate action in the power system during
certain emergency operating condi-
tions, a number of automised functions
have been introduced in addition to the
normal relay protection. These can be
collectively described wunder the
heading “defence schemes” and are
described below.

Defence schemes are basically acti-
vated by one or more of four criteria:
- low or high frequency.

- low or high voltage.
- activated relay protection.
- detected oscillations.

At present only indications from
protection are transmitted via telecom-
munications links foractivation in other
remote stations. Other functions are
based on local measurements.

The following functions are activated by

abnormal frequency:

® [oad shedding
Altogether one third of the load in the
Nordel system can be disconnected
for underfrequency in the region
49.0-47.5Hzto combat asudden large
loss of power production.

® (Generators in synchronous operation
About 1900 MW in hydro-power sets
can for underfrequency transfer to
active production.

® Pump-storage power stations
About 900 MW in pumping power
can be interrupted for underfre-
quency and transfer to production.

® Llectric boilers
About 1500 MW of connected elec-
tric boiler and grinding-mill load in



Fig. 10. Frequency controlled actions in the
Nordel system.
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Sweden and Finland can be inter-
rupted for underfrequency.

® Emergency power via HVDC links
For underfrequency in either the
European UCPTE-system - Jutland
system or in the synchronous Nordel
system, emergency power deliveries
are automatically activated via the
HVDC-links between Jutland and
Norway and Sweden. Deliveries to
Finland via HVDC from the Soviet
Union are interrupted for abnormally
high frequencies.

® Gas-turbines
About 1200 MW of gas-turbines can
be automatically started for underfre-
quency.

The following functions are activated by

abnormal voltage:

® Shunt reactors and capacitor banks
Automatic switching of reactors and
capacitors is applied for voltage devia-
tions outside the normal operating
range.

® [oad shedding
This is applied to a limited extent in
Finland.

® Regulation of HVDC-links
The HVDC links between Jutland
and Norway and Sweden can be acti-
vated by low voltage in Norway or
Sweden.

The following functions are activated by

relay protection:

® Generator rejection
A large number of generators in
Norway, northern Sweden and to a
certain extent in Denmark can be

selected for rejection for certain faults
in the transmission network. The
action is taken to avoid loss of stability
owing to weakened networks.
® [slanding

The network can be split into separate
islands for certain network faults in
order to avoid large overloads and
uncontrolled cascading. It is applied
mainly in Norway and Denmark for
large areas of the network. The criteria
can also be abnormal frequency and
voltage, or oscillations.

The following functions are activated by

system oscillations:

® Damping regulation in SVC-
installations
Thyristor-regulated equipment for
voltage regulation is utilised to damp
oscillations by controlled load varia-
tions.

® Damping regulation in HVDC-links
The damping is achieved by superim-
posed counter oscillations in the
transmitted power. It is applied at
present only in the link between
Finland and Sweden.

The national operations manage-
ments are responsible for the settings
and function of these defence schemes.
Their effects on system operations are
coordinated during discussions
between the operations managements,
with internal specialists, and within the
NOSY working group.
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Definisjoner
I Nordels definisjoner har de anvendte
utrykk folgende betydning:

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

Overfaringskapasitet 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 i sin offisielle statistikk.

Mottrykksproduksjon er elektrisk energi
produsert i en turbogenerator med
damp, som etter turbinen benyttes til et
annet formdl enn elproduksjon, for
eksempel fjernvarme, industridamp etc.

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 clektrisk energi
angis i 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 oger summen av elproduksjon og
nettoimport,

Nettoforbruk av elektrisk energi angis i
GWh og er summen av de energi-
mengder som er levert til og mélt 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
pi spesielle vilkar.

Magasinkapasitet for et vannmagasin
angis i GWh som den energimengde
som kan produseres i de nedenforlig-
gende kraftverk ved en engangstom-
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 regulerte 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 in a
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 forthe 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
lerms agreed on by the parties con-
cerned.

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

= e

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.
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Enheter

Effektenheter

kW = kilowatt

MW = megawatt=1000 kW

kVA = kilovoltampere

MVA = megavoltampere=1000 kVA
Energienheter

J = joule

kJ = kilojoule=0,24 kcal

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

kWh = kilowattime=3600 kJ
MWh = megawattime=1000 kWh
GWh = gigawattime=1million kWh
TWh = terawattime=1000 GWh

= 1 milliard kWh
Mtoe = 1 million toe-olje ekvivalent
tilsvarer 11,63 TWh
Symboler
=~ Tilnsermet verdi
= Verdi null
e  Data ikke tilgiengelig eller
for usikkert 4 oppgi

® Data kan ikke forekomme

0 Mindre enn 0,5 av den
brukte enhet

—75 =

Units

Power Units

kW = kilowatt

MW = megawatt=1000 kW

kVA = kilovoltampere

MVA = megavoltampere=1000 kVA
Energy Units

J = 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=1million kWh

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

Mtoe = 1 million tons of oil
equivalentcorresponds to
11.63 TWh

Symbols

Approximate value
Value zero
ee  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 1989 med 2341 MW til
83479 MW, Installert effekt i vannkraft-
stasjoner utgjorde ca. 55%. I Sverige og
Finland var det ved érets ulgang instal-
lert 12160 MW kjernekraft.

Fordelingen mellom vann- og
varmekrafl er sveert forskjellig i Nordel-
landene. I Danmark benyttes omtrent
bare varmekraft, mens det i Norge
benyttes vannkraft. I Island dominerer

vannkraften. Sverige har noe sterre
effekt installert i varmekraft enn i vann-
kraft. I Finland utgjer varmekraften ca.
79% av installert effekt.

Installed capacity

In 1989 the total net capacity in the
Nordel countries increased by 2341 MW
to 83479 MW. Of the total capacity 55%
consisted of hydro power. The nuclear
capacity was 12160 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
dominates in Iceland. Sweden has
somewhat more amount of thermal
than of hydro installations. In Finland
thermal power amounts to 79% of the
installed capacity.

Fig. 1 Installert effekt 31.12. 1989 og tilsvarende middelarsproduksjon for installert vannkraft og vindkraft
Installed capacity on Dec. 31, 1989 and corresponding average-year production by hydro power and wind power

Vannkraft, MW
Hydro power, MW

Middelarsproduksjon, GWh
Average-year hydro preduction, GWh

Vindkraft, MW
Wind power, MW

Middelarsproduksjon, GWh
Average-year production, GWh

Varmekraft, MW
Thermal power, MW

Derav
ol which

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

motirykk, industriell
back-pressure, industry

kondens, process
condensing, process

kondens, kjermne
condensing, nuclear

kendens, konventionell
condensing, conventional

gassturbin, diesel
gas turbine, diesel

Totalt installert effekt
Total installed capacity
1988 MW
1988 MW

Tillskudd i 1989
Additions in 1989, MW

Tatt ut 11989
Retirements in 1989, MW

" Inkl. biogass-anlegg
Ingl. bio-gas plants,

2 Inkl. kondensturbiner med uttak for fiernvarme
Incl, condensing turbines with steam drawn far district heating.
¥ Inkl. Preussen Elektra's andel | Enstedvaerket (300 MW)
Incl. German share of Enstedvaerket (300 MW).

Danmark Finland Island

9 2680 752

35 12217 4200

i 0 =

515N 0 -

8528 10358 Tirs

398 2420 @

128 1850 ®

L] 120 L]

@ 2310 o

77037 2816 19
299 842 166%
8794” 13038 9274
B454Y 12268 923%

347 770 4

7 0 0

Norge Sverige Nordel
26531 16172% 46144
107 545 62756 186753
1 6 264

g2 13 530

295 17715 37071

® 2531 5349

189 993 3160

51 & 171

L] 9850 12160

22 2641 13201

33 1700 3030
26827 33893 83479
25812 33681 81138
1015 214 2360
0 2 9

Y Herav geotermisk kraft 45 MW
Of which geothermal power 45 MW,

“ Herav geotermisk kraft 41 MW
Of which gatﬂherm:'aJ power 41 MW,
% Inkl. norsk andel i Linnvasselv (27 MW)

Inel. Norwegian share of Linnvassel (27 MW).

T



NORDEL 1989

Fig. S2 Endringer i installert effekt i 1989

New power plant capacity 1989
Kraftslag/ Tilskudd/bortfall i 1989 Totalt 31.12. 1989
kraftstasjon MNew units taken into operation Taotal
Power category/plant Til- Bort- Nettoendring- Totinst Total
skudd fall av middelarsprod. effekt middelarsprod.
New Retired Increase in Tolal installed Total average-
capacity capacity average-year capacity year produgtion
production |
MW MW Gwh" MW GWh"
Danmark
Vannkraft - - - 9 35
Hydro power
Vindkraft™ 58 0 115 257 516
Wind power
Konv, varmekraft 289 7 L 8528 L
Canv, thermal power
Amagervesrket B3 250 0 k/o 506 kio
Decentral kraftvarme 39 0 g 66 g
Finland
Vannkraft 32 ~ 35 2680 12217
Hydro powear
Tainionkaski 18 - 30 60 360
Konv, varmekraft 738 - [ 10358 L]
Conv. thermal power
Kristiina 250 - k/o 470 L]
Haapavesi 154 - 1 154 1
Kajaani 81 - t 81 t
Vantaa 70 s g 13 ®
Espoo 48 - g 130 °
Hameenlinna 43 - g 63 L]
Hyvinkaa 41 - a 41 g
Paorvoo 40 - g 40 g
Kiernekraft - - L 2310 L
Nuclear power
Island
Vannkraft ~ - - 752 4200
Hydro power
Konv. varmekraft 49 = ® 1754 ®
Conv. thermal power
Norge
Vannkraft 1014 - 2070 26531 107 545
Hydro power
Jostedal 270 - 877 270 877
Aurland |, utv, 225 - 10 675 2002
Dokka/Torpa 184 - 511 194 511
Nedre Vinstra, Utv. 125 - 83 325 1068
MNedre Nea 63 - 206 63 2086
Mel 50 - 170 50 170
Ana-Sira 50 = 35 50 35
Vindkraft 07 - 1.8 09 2.1
Wind power
Konv. varmekraft = - - 295 L]
Caonv. thermal power
Sverige
Vannkraft 60 - 204 16172 62756
Hydro power
Vindkraft 0 2 0 6 13
Wind power
Konv. varmekraft 4 - g 7865 L]
Caonv. thermal power
Kiernekraft 150 - L] 9850 L]
Nuclear power
Forsmark B 8, effektekning 80 - L 1150 L
Oskarhamn B 3, effektakning 70 - ° 1140 L]
" Bare for vannkraft og vindkratt. For den konvensjonelle varmekraften angis brenselslag, 9 Geotermisk kraft
(o=olje, k=kull, g = gass, t=1torv, a = aviall). Geothermal power,
Only for hydro power and wind power. For new conv. thermal power type of fuel is slated: I Herav 45 MW geotermisk kraft
{o = ol k =coal, g = gas, t = peal, a = garbage, waste) Of which geothermal power 45 MW.

% Inkl. biogass-anleag
Incl. bio-gas plants.



Fig. S3 Besluttede sterre kraftstasjoner

Decided larger power plants
Kraftslag/ Total inst.
kraftstasjon effekt
Power calegory/plant 31.12. 89
Installed net
capacily
MW

Danmark

Vindkraft 257

Wind power

Konv. varmekraft
Conventional thermal power

Avedorevarkel B 1
Fynsvearket B 7
Hillered

Vestkraft B 8

Finland
Varnkraft
Hydra power

Kukkosniva

Voikkaa
Konv. varmekraft
Conventional thermal power

Helsinki
Seindjok
Mikkeli
Varkaus
Pori
Pietarsaari
Kaukas
Uimaharju
Kaukopaa
Meri-Pari

Island
Vannkraft
Hydro powear

Blanda

Norge
Vannkraft
Hydro pawer

Nye Dale
Groa
Svartisen
Beiarn

Sverige
Vannkraft
Hydro power

Sikfors
Alvkarleby G6
Klippen
Konwv. varmekraft
Conventional thermal power
Vartan
Halmstad

Kjernekraft, effektokninger
Nuclear power, power exlensions

Ringhals B1
Ringhals B2

"' Bare for vannkraft og vindkraft. For den konvensjonelle
varmekraften angis brenselslag.

585
427

{1F L RTT

433
70

760
800

(o=olje, k=kull, g = gass, { = torv, a = avfall).
Only for hydro power and wind power. For new conv. thermal power
type of fuel is stated (o = oll, k= coal, g = gas, t = peal,

a=garbage, waste).

Middel-
arsprod.
3112.89

Average-

year
production

GWh "

515

k/o
kfo

47
430

—T6—

Besluttet nyinstallasjon

Decided new plants

Antall
aggr.
Number of
new unit

Diea kol

e

Py =

==

Ny
effekt
New
capacily

MW

59

250
385

375

25
22

168
120

26
7(22)°
20(35)"
18(36)”
AB(TT)*
80

17(80)"
550

150

26
700
80

34
43"
27

128
172

30
40

@kning av
middelarsprod.
Increase in
average year
production
GWh"!

120

k/o
k/o

k/o

84

B

DD OWO X -~ -0

750

a0

1200
207

Beregnet
idriftssetielse
Estimated
commissioning

1980-91

1990
1991
1991
1992

1990
1990
1990
1990
1991
1991
1991
1992
1993
1993

1991

1991
1892
1992-97
188

1990
1991
1993

1990
1993

1990
1990

4 Verdiene i parentes er bruttotilskudd, Utbyagingene

innebaerer at nettotilskuddet reduseres p.g.a. bortfall av
eksisterende effekl.
Gross additions putted in parentheses. Net additions are reduced
by retired capacity in existing plants,

I Totalt tilskudd 48 MW, bortfall 5 MW,

Total additions 48 MW, retirement 5 MW.



Det nordiske hoyspentnettet

Sverige har forbindelser med
Danmark, Finland og Norge. Mellom
Finland og Norge er det en 220 kV
forbindelse, og noen ledninger for
lokale leveringer fra Norge til forbru-
kere i Finland. Ved drets utgang var den
totale  overferingskapasiteten  fra
Sverige ca. 5600 MW og til Sverige ca.
5200 MW. Mellom Danmark (Jylland)
og Norge finnes en likestromsforbin-
delse 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 Overferingsledninger

Transmission lines

NORDEL 1989

forbindelse av denne sterrelsesorden
mellom Sovjet og Vest-Europa. Fra for
er det en mindre samkjoringsforbin-
delse mellom Norge og Sovjet, og lokale
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 there isa 220 kV link and a
few lines from Norway to Finland for
local consumption there. The total

400 kV ACog DC 220-300 kV AC og DC

Tatt i Tatti

drift | drift drift | drift

1989 31.12. 89 1989 3112, 89

Brought Inservice Brought I service

into service Dec, 31,1989 inlo service Dec. 31, 1989

in 1989 in 1989

km km km krm
Danmark 63 986" 0 2477
Finland 134% 33934 0 2477
Island - - 0 467
Norge 70 17or il 52314
Sverige aro" 10421" e 5204%

" Herav 207 km | drift med 150 kV 0g 46 km med 132 kV.
_ Of which 207 km in service with 150 kV and 46 km with 132 kV.
“ Herav 80 km | Danmark og 96 km | Sverige (Kontiskari 1), 89 ke | Danmark 0g 151 km i Norge (Skagerrak) i drift med 250 kV likestram
samt 75 km i Danmark og 74 km i Sverige (Kontiskan 2) | drift med 285 kV likestrom
Of which 80 km in Denmark and 96 kim in Sweden (Kontiskar 1), 89 km in Denmark and 151 kin in Norway (Skagerrak) in service with 250 kv DG,
and 75 km in Denmark and 74 km in Sweden (Kantiskan 2) in service with 285 kv DC.
9 Herav 13 km i drift med 80 kV.og 113 km med 50 kV.
Of which 13 km in service wilh 80 kV and 113 km with 50 kV,
* Herav 99 km i Finland og 99 km | Sverige likestrem sjokabel samt 34 km i Finland og 2 km | Sverige likestram landkabel (Fenno-Skan).
Of which 88 km in Finland and 99 km in Sweden DC sea-cable, and 34 km in Finland and 2 km in Sweden DG land-cable (Fenno-Skan).

PG

capacity from Sweden was-about 5600
MW and to Sweden about 5200 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 Union there is a 1000 MW
DC link. This is the first main grid
connection 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
interconnections for many years.
Iceland is not electrically connected to
the rest of the Nordel countries.

110,132, 150 kV

Tatti
drift | drift
1989 31.12.89
Brought In sarvice
inlo service Dec, 31. 1989
In 1989
ken km
20 36007
200 13850
0 1340
105 8700
(] 15000



Fig. 2. Nordels hoyspentnett
The Nordel main grid
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Fig. S6 Samkjeringsforbindelser mellom Nordellandene
Interconnections between the Nordel countries

Land Stasjoner Nominell Overfaringskapasitet, Lengde Kabel
Counlries Terminal stations spenning, kV  Transmission capacity Length Cable
Rated voltage

kV Mw km km
Fra Til
Danmark Danmark
From To
Denmark Denmark
| driit:
In service
Danmark- Tiele—Kristiansand 280 = 510 510 240/pol 127/pol
Norge
Fra Til
Finland Finland
From Ta
Fintarid Finland
Finland- Ivalo-Varangerbotn 220 ~ 50 50 228
Norge
Fra Til
Sverige Sverige
From To
Sweden Sweden
Danmark- Teglstrupgard-Sofiera 132~ 350" 350" 23 107
Sverige Hovegard-Helsingborg nr 1 400~ } 700" } 700" 91 8
Hovegard-Helsingborg nr 2 400 ~ ; 91 8
Vester Hassing-Goteborg 250= 260 260 178 87,5
Vester Hassing-Lindome 285= 300 300 149 87,1
Hasle (Bornholm)-Borrby 60 ~ 80 60 476 433
Finland- Ossauskoski-Kalix 220 ~ 93
Sverige Petéjaskoski-Letsi 400 ~ } 900 } 700 230
Keminmaa-Svartbyn 400 ~ 134
Hellesby (Aland)-Skatttol 70~ 35 35 76,5 56
Raumo—Farsmark 400 ~ 500 500 235 198
Norge- Sernes-Tornehamn 132 ~ 39
Sverige Ritsem-Ofoten 400 ~ } 200 } 200 58
Ressaga-Ajaure 220 ~ 260" 100%4 117
Linnvasselv” 220/66 ~ 50 50 =
Nea-Jarpstrommen 275~ 5007 500% 100
Lututallet-Holjes 182 ~ 40 20 17,5
Ei‘dskog—Charlottenberg 132~ 100 100 (1) 3
asle—Borgvik 400 ~ i 106
HasleTrolihattan 400 ~ ] 1100° } 11007 135
Totalt 5565 5185

' Ogsa ved parallell drift er total overfaringskapasitet 700 MW i begge retninger. Overferingskapasiteten er ofte hayere, avhengig av
aktuell produksjonssituasjon og driftskopling, opptil 1100 MW.
At parallell operation of the [nterconnections the total ransmission capacity is 700 MW in both directions (increasing fo 1060 MW depending on
_the production and main grid conditions).
2 Kabelforbindelsen bestar av fire trefase-kabler som er parallellkoplet to og to.
. The Cable line comprises four three-phase cables, which are paralel| connected two by two,
¥ Av hensyn til ringdriften over flere samijaringsforbindelser Norge-Sverige og visse andre driftssituasjoner,
kan dimensjonerende feiltilfelle gi lavere overferingskapasitet.
 Transmission capacily is in some cases reduced by dimensioning faull case.
1100 MW gjelder ved maksimal produksjon | Bejman-Ajaure-Gardikiors. Vied minimal produksjon i disse stasjoner og
maksimalt 250 MW produksjonsoverskudd i Helgeland er overfaringskapasiteten 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 transtormator | den riorsk-svenske kraftstasjonen i Linnvasselv.
The interconnection of a 220/66 kV transformer in the Nerweglan-Swedish power station in Linnvasselv.



Elproduksjon Fig. S7 Total elproduksjon i Nordel 1989

. . Total electricity production within Nordel Kjernekraft 24,1%
Den totale produksjonen i Nordel var Nuclear power

3354 TWh 11989, en okning pa 0,6% i Vannkraft 61,6%
forhold til 1988. Vannkraften utgjorde Myt poiet
61,6% og kjernekraften 24.1%. Tilsvar-
ende tall i 1988 var 59,0 og 25,5%.

Electricity production

The total production in Nordel was
335.4TWhin 1989. This is an increase of
0.6% compared with 1988. Hydro power
amounted to 61.6% and nuclear power
to 24.1% of the total production. The
corresponding figures for 1988 were 59.0

X

and 25.5%.
Ovrige 0,4% ._] Mottrykk 6,1% | Kondens 7.8%
Others Back-pressure Condensing power
Fig. S8 Elproduksjon (GWh)
Electricity production

Danmark Finland Island Norge Sverige Nordel
Vannkraft 1989 36 12767 4213 118595 70986" 206597
Hydra power 1989
Vannkraft 1988 32 13229 41865 109544 68755" 195725
Hydro power 1988
Vindkraft m.m. 1989 478 0 0 0 6 484
Wind power ete. 1989
Vindkratt m.m. 1988 303 0 0 0 7 310
Wind power ete. 1988
Mottrykk, fiernvarme oo 7773 o ° 2143 9916
Back-pressure, district heating
Mottrykk, industri L1 6966 L] 241 3235 10442
Back-pressure, industry
Kendens, prosess L] 378 L] - . 378
Condensing, process
Kondens, kierne L 17976 L L 62810 80786
Condensing, nisclear
Kendens, kenvensjonell 20946 4588 L 126 260 25920
Condensing, conventional
Gassturbin, diese! m.m. o 353" 262 137 82 834
Gas turbine, diesel etc,
Varmekraft 1989 20946" 38034 2627 504 68530 128276
Thermal power 1989
Varmekraft 1988 25849 38038 2514 476 72628 137 242
Thermal power 1988
Total produksjon 1989 21460 50801 4475 119099 139522 335357
Total production 1988
Total produksjon 1988 26184 51267 4416 110020 141390 333277
Total produclion 1988
Endring | prosent -18.0 -09 13 8.3 -13 06
Change in %
"' Herav tysk andel | Enstedvasrket 1658 GWh Ol this German share of Enstedvesrket 1658 GWh

11989, 1216 G\Wh i 1989 in 1988, 1216 GWh in 1988

2 Herav 341 GWh fra naturgass . Ol this 31 GWh from nalural gas
3 Herav 258 GWh geotermisk kraft | 1989, 245 GWh | 1988 Of this 258 GWh geothermal power in 1989, 245 GWH in 1988

4 Herav norsk andel i Linvasselv 131 GWh | 1989, 86 GWh i 1988 O Ihis Norweaian share of Linvassely 131 GWh In 1989, 86 GWh in 1988

— 80—
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Fig. 510 Magasinfylling 100
Kurvene viser magasinfyllingen i % av
magasinkapasiteten i 1988 og 1989. De 90
ovre og nedre begrensningskurver for
de senere 4rs magasinvariasjoner er 80
inntegnet. Begrensningskurvene er
heyeste henholdsvis laveste ukeverdier
i perioden 1979-1988. 70
Water reservoirs 60
The curves show the impounded water
in per cent of total storage capacity for 50
1988 and 1989. The field gives upper and
lower extremes which are composed of 40
the weekly maximum and minimum
recorded for the period 1979-1988.
30
asemnsee 1988 1989 20
Ekstremverdier (1.1. 1979-31.12. 1988) e W Magasinkapacitet
Extreme values (1.1. 1979-31.12. 1988) Reservair capatity
L 111989 L17GWh
31.9.1989 4L717GWh
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Magasinkapacitet Magasinkapacitet

Reservoir capacity

111989 76846GWH | 10
3112.1989 78663GWh

Reservoir capacity

1.1.1989 33350GWh
31.9.1989 33350GWh
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Fig. S11 Maksimal belastning 3. onsdag i januar og desember 1989
Maximum load on the 3rd wednesday in January and December 1989

Installert Max. kraftstasjons- Max. systembelastning

nettoeffekt belastning Max. system load

Installed Max. power station

net capacity  output

31.12.89 Januar 1989 Desember 1989 Januar 1989 Desember 1989

Lokal tid Lokal tid Lokal tid Lokal tid

MW Local time MW Local time MW Lacal time MW Local time MW
Danmark
Vest for Store Belt (ELSAM) 4757Y 17-18 3080 8-9 2991 17-18 3020 8-9 3295

West of the Great Bell

@st for Store Belt ekskl, !

Bornholm (ELKRAFT) 3967 9-10 1789 7-8 2153 17-18 2327 1718 2395
East of the Great Belt excl. Bornholm

Finland 13038 17-18 7523 8-9 7971 17-18 8909 8-9 9234
Island 927 18-19 643 18-19 679 18-19 643 18-19 679
Norge

Sar for (south of) 67,5°N 250860 9-10 14675 9-10 17187 8-9 13930 10-11 155676
Nard for (north of) 67.5°N 1767 16-18 866 12-13 1112  18-19 876 12-18 1044
Sverige 33893% 17-18 205857 15-16 22112 17-18 20441 8-9 21877

Nordel ekskl. Island
Nordel excl. lceland

Mellomeuropeisk tid 82482 17-18 48061 8-9 52710 17-18 49222 8-9 53085
Central-European time

l‘ Inkl. tysk andel | Enstedvasrket 300 MW Incl, German share of Ensledvasrkel 300 MW
“Inkl. norsk andel | Linnvasselv 25 MW Inck Narwegian share of Linnvasselv 25 MW

Fig. S12 Elenergiomsetningen 1989 (GWh)
Electricity energy turnover in 1989 (GWh)

Danmark Finland Island Norge Sverige Nordel
Produksjon 21460 50801 4475 119089 139522 335357
Production
Import 11661 9323 L] 428 12053 33465
Import
Total produksjon og import 33121 60124 4475 119527 161575 368 822
Total production and import
Ekspaort 2204" 470 @ 15363 125249 30561
Expert
Bruttoforbruk 30917 59654 4475 104 164 138051 338261
Gross consumption
Tilteldig kraft til elkjeler efc. ° 126 142 53487 7883 13499

Excess hydro power to electric boilers alc.

Bruttoforbruk ekskl. tilfeldig

kraft til elkjeler 30917 59528 4333 98816 131168 324762
Gross consumption excl. excess

hydro power to electric bollers etc.

Endring fra 1988 % 1.7 s 1 08 -0:2 0.0 0.4
Change as against 1988 %

E‘ Herav tysk andel | Enstedveerket 1658 GWh Of this German share of Enstedveerket 1658 GWh

' Herav pumpekraft 463 GWh Of this pumped storage power 463 GWh

9 Herav norsk andel i Linnvasselv 47 GWh Of this Nerwegian share of Linnyvassely 47 GWh



Elenergiutveksling
Power exchange

Fig. $13 Oversikt over omsetningen av p{%ﬁ 'y & 116
elektrisk energi i Nordel 1989 2R 3
Review of the electric energy 1467y © 436 /
turnover in Nordel 1989 GWh/ar 33 3913 $
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Fig. $14 Elenergiutveksling 1989 (GWh)
Exchange of electric energy in 1989 (GWh)
Import til; Danmark  Finland Norge  Sverige Nordel- Andre Total eksport
Import to: land land Total export
MNordel Other
countries countries 1989 1988
Eksport fra:
Export from:
Danmark ° = 7 183 190 2014 2204" 1849"
Finland - (] 2 468 470 - 470 409
Norge 3784 177 ] 11402 15363 - 15363 6758
Sverige 7782 4323 419 ° 12524 = 125247 76717
Nordel-land 11566 4500 428 12053 28547 2014
Nordel countries
Andre land a5 4823 - - 4918
Other countries
Total import 1989 11661 9323 428 12053
1988 5858 7794 1165 5064
Nettoimport 1989 9457 8853 -14935 - 471
Net import 1988 4209 7385 - 5503 -2607
Nettaimport/ 1989 306 149 -15.1 -04
bruttoforbruk™ | % 1988 13.9 126 =5if ~2.0

Net import/gross
consumptionin %7

| Herav tysk andel | Enstedvaerket 1658 GWh i 1989, 1216 | 1988
“ Herav norsk andel i Linvasselv 47 GWHh i 1989, 80 GWh i 1988

* Ekskl. tilfeldig kraft til elekirokjeler

— 84—

Of this German pari of Enstadvaerket 1658 GWh in 1989, 1216 GWh-+a=3888

Of this Norwegian share of Linvasselv 47 GWh in 1989, 80 GWh in 1988
Excl, excess hydro power 1o electric bollers
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Fig. $15 Manedlig utveksling av elektrisk energi
mellom Nordel-landene 1989
Monthly exchange of electric energy within

Nordel 1989
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Elforbmket Fig. $16 Netto elforbruk fordelt pa konsumentgrupper ekskl. elkjeler

Elec tn.a- ty consump inII Net electricity consumption distributed on consumer groups excl. electric boilers

Bosteder, service mm. Jernbane og sporveier . Industri

Domestic, commercial etc. Traction Industry
Fig. $17 Elforbruk 1989 (GWh)

Electricity consumption 1989 (GWh)
Danmark Finland Island Norge Sverige Nordel

Bruttoforbruk 30917 59654 4475 104 164 139051 338261
Gross consurmption
Tilteldig kratft til elkjeler - 126 142 53487 7883 13499
Excess hydro power o electric boilers
Bruttoforbruk" 30917 59528 4333 98816 131168 324762
Gross consurnption !
Tap 2074 2888 347 10177 12188 27674
Losses
Nettoforbruk 28843 56640 3986 88639 118980 297 088
Net consumption
Industri 8748 32273 2660 42879 53 569 140129
Industry
Jernbane og sparveier 190 390 - 800 2517 3897
Traction
Bosteder, service m.m. 19905 23977 1326 44960 62894 153062

Domestic, commercial

Forandring av bruttoforbruk

jamtart med foregaende &r %" 1 17 08 -0.2 0.0 0.4
Change in gross consumgtion

as againsl previous year, %"

Gjennomsnittlig forandring av

bruttoforbruk de siste 10 ar 94" 25 46 4.0 1.8 34 30
Average change in gross ;

consumption in the last 10 years, %'

Bruttoforbruk pr. innbygger i kwh" _ 6027 11994 17120 23370 153877 14060
Gross consumption per inhabitant in kwh!

Middelfolkernengde 1989 mill, 513 4.96 0.25 4.23 8,53 231
Average population 1989 mill.

" Ekskl. tilfeldig kraft til elkjeler  Excl. excess hydro power ta electric boilers
# Herav pumpekraft 463 GWh  Of this pumped storage power 463 GWh
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TWh
140 l Fig. S18 Bruttoforbruk” av elenergi
, |,_ 1979-1989
/q - Gross consumption of electric energy
120 /! " Ekskl. tilfeldig kraft til elkjeler
/ Excl. excess hydro power to electric boilers

80
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MWh

Fig. S19 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. $21 Energitilgang i Norden

Energy supply within

the Nordic countries
PJ TWh
(640) 150
(450) 125
(360) 100
(270) 75
(180) 50 -
90) 25 T
(0) 0 -

DKSF IS N S |DKSF IS N S [DKSF IS N S
1989 1995 2000

Fordeling pa energislag av eltilfersel
Distribution of electricity on energy sources

(middel-vannar) 1995 og 2000
Vindkraft

Elimport Import of electricity

ﬁ Vannkraft Hydro power

Eleksport Export of electiricty

Kiernekraft Nuclear power

Inenlandsk brensel, prosessbrensel
Domestic fuels, process fuels

Kull Coal
Naturgas Natural gas

B oicoi

—88 —

Brenselforsyning for andre formal enn
elproduksjon

Fuel supply, ather than that for electricity
production

Domestic fuels, process fuels
Kull Coal

Naturgass Natural gas

B cicoi

I Innenlandsk brensel, prosessbrensel

PJ
1260

1050

840

630

420

210



Fig. 821 viser den faktiske elenergitil-

forsel i 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
middelarsproduksjon. For Norge inne-
berer dette betvdelige 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,
jamfor fig. S22.

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

For skalaene gjelder:

- Venstre skala 1 TWh gjelder eltilfor-
selen.

- Hoyre skalaiPJ gielder for ovrig ener-
giforbruk, og er valgt slik at den ogsa
viser hvilke brenselmengder som
medgar til produksjon av den elektri-
sitet som inngar i den venstre stolpe.

Figuren muliggjor en sammenligning

mellomelsektoren ogden evrige energi-

sektor. Vannkrafiens dominerende rolle

i norsk energiforsyning fremgar tydelig.

Fig. S21 shows the energy supply in 1988
and forecast for 1995, Each Nordel
country is shown separately, 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
electric boilers and/or exported. The
Norwegian power production is antici-
pated to be dimensioned with addi-
tional contracted power reserves.

Electricenergy distribution is shown
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.

Thelefiscale in TWhrefers to electri-
city supply. The right scale in PJ refers to
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

NORDEL 19889

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.

Fig. S22 Faktisk og prognosert

elenergiforbruk ekskl. elkjeler

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.

Electrical energy consumption and forecast excl.

electrical boilers

1989 1995

TWh/ar  TWh/ar

Danmark 309 36

Finland 595 73
Island 43

Norge 288 106

Sverige 1312 143

Nordel totalt 3247 363

Nordel total

2000
TWh/ar

Fig. S23 Faktiske og prognoserte eleffekter

Peak load capacity and forecast

1989 1995

MwW Mw

Danmark 5923 7150

Finland 10772 12700

Island 680 700

Norge 17633 19100

Sverige 25800 28500

Nordel totalt 60818 68 150
Nordel total

2000
Mw

7900
14000
750
20300
30000

729580

Fig. S24 Faktiske og prognoserte installerte
effekter i MW i de respektive land
(verdier pr. 31.12. respektive ar)

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

1989 1995

Mw Mw

Danmark 8794 10150
Finland 13038 14600
Island 927 1100
Norge 26827 27600
Sverige 33893 36200
Nordel totalt 83479 89650

Nordel total

2000
Mw

11500
16400

1100
29500
37500

96000



Nordels medlemmer
Nordel’s Members

Danmark

Henning Buhl

Direktor

Managing Director
ELKRAFT A m.b.A.
Viseformann i Nordel
Deputy chairman of Nordel

Knud Fischer

Direktor

Managing Director

Senderjyllands Hajspandingsveerk

Ove W. Dietrich
Direktor
Managing Director
SEAS A/S

Georg Styrbro
Direktor

Managing Director
ELSAM

Hans von Biilow

Kommitteret

Deputy Undersecretary of State
Energistyrelsen

Observatar

Observer

Finland

Klaus Ahlstedt

Vice verkstillande direktor
Executive vice president
Imatran Voima Oy

Esa Hellgrén
Verkstillande direktor
Managing Director
Finlands Elverksforening

Kalevi Numminen
Verkstiillande direktor
President

Imatran Voima Oy

Anders Palmgren
Produktionsdirektor
Vice president
Imatran Voima Oy

Island

Jakob Bjernsson
Generaldirektor
Director General
Statens Energistyrelse

Adalsteinn Gudjohnsen
Direktor

Managing Director
Reykjavik Elverk

Halldér Jonatansson
Direktor

Managing Director
Landsvirkjun

Kristjan Johnsson
Direktor
Managing Director
Statens Elverker

Norge

Erling Diesen
Generaldirektor

Chief Executive Director
Norges vassdrags- og
energiverk

Ragnar Myran
Administrerende direktor
General Manager
Trondheim El.verk

Gunnar Vatten
Administrerende direktor
General Manager
Statskraftverkene

Rolf Wiedswang
Samkjeringsdirektor
Managing Director

Samkjoringen av kraftverkene

1 Norge
Formann i Nordel
Chairman of Nordel

Asbjern Vinjar
Energidirektor
Director General
Directorate of Energy

Norges vassdrags- og energiverk

Suppleant
Deputy

Sverige

Gdaran Ahlstrém
Direktor
Managing Director
Svdkraft AB

Lars Gustafsson
Direktor

Vice President
Vattenfall

Carl-Erik Nyquist
Generaldirektor
President
Vattenfall

Claes Lindroth
Direktor
Managing Director
Stockholm Energi

Karl-Axel Edin
Direktor
Managing Director
KRAFTSAM
Suppleant

Deputy

Nordels sekretariat

Nordel’s Secretariat

c/o Samkjeringen av krafiverkene
i Norge

PB 5093, Majorstua

N-0301 Oslo 3, Norway

Tel. +472 461930

Oddmund "arsen
Overingenior

Nordels sekretaer

Secretary General of Nordel

Gro KristofTersen
Sekretaer
Secretary
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Nordels utvalgsmedlemmer
Committee Members

Driftsutvalget
Operations Commitee
Arne Ring-Nielsen

Overingenior, ELSAM
Danmark
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Omslaget

Nordels drsmote 1989 ble holdt i
Imatra i Finland. Omslagets 1. side viser
et bilde av Imatra Statshotell hvor
arsmetet fant sted.

The Cover

Nordel’s 1989 Annual Meeting was
held in Imatra in Finland. The front
cover show the Imatra Statshotel where
the conference took place.

Denne arsberetningen er utarbeidet
av Nordels sekretariat, Oslo, under
ledelse av Oddmund Larsen. Materialet
er sammensatt av Gro Kristoffersen.
Statistikkmaterialet er fremskaffet av
kontaktpersonene for statistikk og
sekretzeren i Planleggingsutvalget.

Fotografiene er fremskaffet av de
enkelte lands kraftselskap.
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