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ordel, som ble stiftet 11963, eren
N sammenslutning for nordisk

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

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

- dsammenstille de enkelte lands prog-
noser forforbruksutviklingen og deres
utbyggingsplaner.

Island
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- dutgien drsberetning som inneholder
oversikt over virksomheten innen
Nordel, de enkelte lands Aarsover-
sikter, spesialartikler og statistikk.

En stor del av Nordels arbeide ut- |

fores av utvalg og arbeidsgrupper. Gjen-
nom disse er spesialister innen alle
omréider av elforsyningen tilgjengelig.
For innsamling av statistikk og annen

periodisk rapportering er det kontakt- |
personerideulikeland. InnenNordeler |

det ogsa kontaktpersoner i mange inter-
nasjonale organisasjoner.

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




en okonomiske tilveksten i de
D vesteuropeiske industrilandene

var i 1987 noe sterkere enn tid-
ligere. Det var en gjennomsnittlig eko-
nomisk vekst pa 2-2'/4% fra forrige ir.
Inflasjonstakten er fortsatt lav innen
OECD-Europa, og konsumprisene okte
bare 3,1% i 1987. Arbeidslesheten er
imidlertid fortsatt hey, hele 9-10%

Den okonomiske utvikling i de
nordiske land var meget forskjellig i
1987. Utviklingen i bruttonasjonalpro-
duktet varierte mye. Island hadde fort-
satt en relativt hay okonomisk vekst pa
6,6%. 1 Finland ekte BNP 3,5%, mens
det var en svakere utvikling i Sverige og
Norge med henholdsvis 2,3 og 2,0%
okning. Danmark hadde for forste gang
pa en rekke dr nedgang i BNP, 0,7%
lavere enn i 1986. Island hadde en
okende og meget hey inflasjon, og
konsumprisindeksen ekte 24,4% i 1987.
Norge hadde ogsa hey inflasjon, 8,7%.
Prisstigningen var mer moderat i
Sverige med 5,2%, og den var lavest i
Finland og Danmark med 3,7 og 4,0%.
Arbeidsledigheten var heyest 1
Danmark med 8,5% og i Finland med
5,2%. 1 Sverige, Norge og Island var det
lav ledighet, henholdsvis 1,6, 1,5 og
0,6%. Totalt sett er det fortsatt slik at
Nordellandene har heyere inflasjonenn
OECD-landene, mens arbeidsledig-
heten er vesentlig lavere.

Det samlede elforbruk i Nordellan-
dene pkte i 1987 med 4,4% fra forrige ar.
Bruttoforbruket var 321,7 TWh, eksklu-
sive 10,4 TWh tilfeldig kraft til elektro-
kjeler. Forbruket okte i alle land. Den
storste  forbruksekningen  hadde
Finland med 6,7%. Sveriges forbruk
okte med 4,6%, Danmarks med 4,4%,
Norges med 3,0% mens Island hadde
minst ekning med 2,5%. Sverige har det
sterste elforbruk med 132,6 TWh.
Deretter kommer Norge med 99,0
TWh, Finland med 56,1 TWh, Danmark
med 29,9 TWh og Island med 4,0 TWh.

Vannkraften er den dominerende
elproduksjon i Nordel, og den sto for
1922 TWh eller 58,7% av den totale
produksjon. Total produksjon i 1987 ble
327.5 TWh. Norge hadde sterst vann-
kraftproduksjon med 103,8 TWh.
Sverige produserte 71,0 TWh, Finland
13,5 TWh og Island 3,9 TWh vannkraft.
Danmark har ubetydelig vannkraftpro-
duksjon . Kjernekraften har ogsa stor
betydning, og den sto for 83,0 TWh,
eller 253% av totalproduksjonen.
Kjernekraftproduksjonen var i Sverige
64.6 TWh og i Finland 18,5 TWh. Qvrig
varmekraftproduksjon i Nordel var 52,1
TWh, eller 15,9% av totalproduksjonen,
og denne var hovedsakelig i Danmark,
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Finland og Sverige. Kull var det viktigste
brensel mens olje har liten andel.

Kraftutvekslingen mellom Nordel-
landene var ubetydelig storre enn
forrige ar og var9,7 TWh. Dette var bare
3,0% av den totale produksjon. Den
sterste importeren dette aret var
Danmark med 4,0 TWh, mens Sverige
var den sterste eksporter med 6,2 TWh.
Den sterste nettoimporter innen
Nordel var ogsd Danmark med 3,6 TWh
og den sterste nettoeksporter ogsad
Sverige med 4,0 TWh. Finland hadde
0,9 TWh nettoimport, mens Norge
hadde 0,5 TWh nettoeksport. I tillegg
importerte Finland 4,7 TWh fra Sovjet.
Danmark eksporterte 0,3 TWh til og
importerte 0,1 TWh fra Vest-Tyskland.
Nordel hadde totalt sett en nettoimport
pé grunn av importen fra Sovjet.

. Nuirdel . Istand

- Danmurk - Norge

E Finland . Sverige
Utenom Nordel

Export

Bruttoforbruk i TWh ekskl.
elkjeler elkjeler

Forbruksendring i % ekskl.

Total eksport og import
i TWh




Svanemellevarket i Kobenhavn fyres med
naturgas under swraftale med Dansk
Naturgas A/S.

The Svanemolleveerket powerplant in Copen-
hagen is gasfired.

Nordels virksomhet 1987
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ordel holdt &rsmete i Aalborg den
N 27. august 1987. Arsmotet

behandlet arsberetningen for
1986, den aktuelle kraftsituasjon i de
nordiske land og kraftbalansene de
nermeste tre ar. En studie av utvik-
lingen i effektbalansen i Nordel-syste-
met ble fremlagt. Drifts-, Planleggings-
og Varmekraftutvalget rapporterte om
virksomheten siste dret og la frem sine
planer for kommende ar. Utvalgenes og
kontaktpersonenes virksomhet ble
diskutert, og det ble rapportert fra inter-
nasjonale kontakter.

Pa drsmotet ble Rolf Wiedswang fra
Norge valgt til ny formann og Henning
Buhl fra Danmark til vise-formann for
tredrsperioden frem til 1990. Sigmund
Larsen fra Norge og Jan-Erik Ryman fra
Sverige gikk ut av aktiv tjeneste og
dermed ut av Nordel. Erling Diesen fra
Norge og Claes Lindroth fra Sverige ble
valgt som nye medlemmer.

Planleggingsutvalgets formannsverv
ble flyttet ifolge rotasjonsordningen fra
Norge til Danmark. Jon Tveit gikk av og
Paul-Frederik Bach ble valgt til ny
formann i Planleggingsutvalget.

Som et ledd i samarbeidet med de
nordiske energimyndigheter, hadde
representanter fra Nordel meote med
Nordisk Ministerrads embetsmanns-
komité for energipolitikk den 8. desem-
ber 1987 i Helsingfors. 1 dette samar-
beidet skjer det en gjensidig utveksling
av informasjon og diskusjon av aktuelle
LS4 L LW energispersmal.

' Nordel holdt et formanns- og sekre-
teermote den 26. februar 1987 i Helsing-
fors der utvalgenes og sekretariatets

,W‘u:‘“ Bl A virksomhet ble behandlet.
$ o ¢ Driftutskottet

Utskottet har liksom tidigare fort-
lopande behandlat aktuella samkor-
ningsfrigor sdsom krafisituationen i de
nordiska landerna, kraftutbytena lind-
erna emellan, driftséikerhet och drifttek-
niska fragor samt storningar inom det
nordiska krafisystemet. For bedomning
av kraftsituationen under de narmaste
tre dren har oversiktliga effekt- och ener-
gibalanser avseende denna tidsperiod
upprattats.

Forbrukningsékningen i Nordelldn-
derna varierar mellan 2 och 4% utom for
Finland som redovisar 6% Okning.
Sommaren 1987 var exceptionellt kall,
vilket bidragit till en del av 6kningen.

Vattentillrinningen var under arets
forsta del fram till varfloden niagot under
normal. Virfloden intridde vid i stort
sett normal tidpunkt och blev pa grund
av kylig viderlek didmpad men av
normal omfattning. Sommaren och




hosten blev i Sverige och Finland
mycket nederbordsrika med atfoljande
hoga tillrinningar. Diremot var situa-
tionen i Norge heltannorlunda med till-
rinningar ndgot under de normala,
vilket dr ett unikt korrelationsforhil-
lande enligt nu anvind tillrinningssta-
tistik.

Magasinsliget vid arets slut var
mycket Over normalt i Finland och
Sverige och normalt i Norge.

Kirnkraften har fungerat mycket vil
under hela aret. Tillgingligheten har
varit mycket god och drets revisioner har
genomforts i stort sett helt planenligt.

Pa grund av den rikliga vattentillrin-
ningen har kidrnkraftproduktionen
nedreglerats med knappt3 TWh huvud-
sakligen i Sverige. Harutover har sma
mingder spill forbi driftklara maskiner
forekommit i Finland och Sverige.

Kolpriset har som foljd av dollar-
kursfallet sjunkit under ret och ligger
nu pd en lig nivi. Oljepriset har bortsett
frin smérre variationer legat pi en rela-
tivt stabil niva under ret.

Kraftutbytena under forsta hilften
av 1987 har varit mycket sméd beroende
pd sma skillnader mellan lindernas
kraftvirden. Utbytena bestod da i
huvudsak av att Sverige och Jylland
kopte kraft frin Norge under den kalla
delen av vintern. Under sommaren och
hosten har Sverige med anledning av
den mycket rika vattensituationen
exporterat kraft till alla tre grannlin-
derna och i speciellt stor omfattning till
Danmark. Under édrets sista del har
kraftutbytena dnyo varit smé:

Driftutskottet har under &ret slut-
fort en analys av Nordelsystemets
effektbalanssituation.  Arbetet har
genomforts delvis i samarbete med
Planeringsutskottet och har innefattat
analyser av effektbalanserna under kall-
perioderna 1985 och 1987 samt en
effektbalansprognos for 1990. Resul-
tatet av analyserna visar pa
- atteffektmarginalen i Nordelsystemet

minskar genom att forbrukningsok-

ningen &r storre dn tillkommande
produktionskapacitet

- att en betydande del av produktions-
kapaciteten dr otillginglig av olika
orsaker

- att produktionskapacitet finns in-
stingd av niitbegrinsningar under
topplasttid.

De av Driftutskottet sammanstillda
Oversiktliga effekt- och energibalan-
serna for de ndrmaste tre dren visar att
balanserna ar relativt goda. Med anled-
ning av att balanserna blir successivt
mer anstringda har Driftutskottet
beslutat att kraftbalansanalyserna férde

narmaste tre dren skall goras pa ett mera
detaljerat sétt. Detta gilller i forsta hand
effektbalansanalysen.
En sidan mera detaljerad effekt-
balansanalys for vinterperioden 1987/
88 har genomforts med gott resultat.
Effektreserven inom varje delsystem
(egen reserv och overforbar via samkér-
ningsforbindelserna) bedoms som till-
fredsstiillande vid prognoserad topplast-
situation.
Med anledning av den mera an-
strangda effektbalansen har Drift-
utskottet pibdrjat ett arbete syftande till
en klarare precisering av kraven pa
driftsreserver inom delsystemen i forsta
hand nir svirigheter foreligger att
uppritthdlla kraven pa reserver.
Driftsutskottets arbetsgrupp for
systemfragor, NOSY, har arbetat vidare
med drifttekniska analyser pi Nordel-
systemet. Under dret har gruppen bl a
arbetat med
- att precisera och ajourhilla aktuella
overforingsgranser pd samkornings-
forbindelserna

- att folja upp beslutade atgiirder for att
forebygga systempendlingar

- att kartldgga olika produktionsresur-
sers regleregenskaper

- attfoljaupp arbetet med koordinering
av utrustningar for belastningsfran-
koppling enligt Nordels rekommen-
dation

- att utarbeta synpunkter pa Nordels
nitdimensioneringsregler infor Plane-
ringsutskottets 6versyn av desamma.

Under september 1987 holl Driftut-
skottet ett gemensamt sammantriide
med UCPTE i Helsingfors. Hirvid
utviixlades virdefull information betraf-
fande kraftsituationen, drifterfarenheter,
drifttekniska problem samt analyshjilp-
medel. Nista sddant sammantride ar
planerat till april 1989 i Holland.

Planeringsutskottet

Planeringutskottet har som lépande
arbetsuppgift att folja utvecklingen av
samkorningskapaciteterna mellan lind-
erna och att med erforderlig framfor-
hillning foresld limpliga andringar av
dessa kapaciteter. Till Nordels arsméte
1987 redovisades en rapport med forslag
till overféringskapaciteter pa samkor-
ningsforbindelserna i stadium 1995.
Nordel godkénde forslaget som innebir
foljande.

Med hinvisning till respektive
Nordellinders utbyggnadsplaner for
produktions- och overforingssystemet
och gillande dimensioneringsregler
rekommenderar Nordel foljande dver-
foringskapaciteter i stadium 1995.
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Frian Till MW
Sverrige norr Norge norr 2501
Norge norr Sverige norr 250"
Sverige mellan  Norge mellan 5002
Norge mellan Sverige mellan 5002
Sverige syd Norge syd 1600
Norge syd Sverige syd 1300
Sverige Finland 14007
Finland Sverige 120034
Sverige Sjilland 700%
Sjdlland Sverige 1100%
Sverige Jylland 6009
Jylland Sverige 6008
Norge syd Jylland 510
Jylland Norge syd 510
Norge Finland 1507
Finland Norge 1507

1) Omfattar 400 kV Ritsem-Ofoten och 132 kV
Tornehamn-Rombak. 400 kV férbindelsen
har i sig relativt stor kapacitet men studier
tyder pd att utbytet bor begriinsas av driftmis-
siga orsaker.

2) Omfattar 300 kV Jarpstrommen-Nea och 220
kV Ajaure-N. Rossaga. Virdet giillervid gynn-
samma produktions- och belastningsforhél-
landen. Speciellt viktigt dr 6verféringen Tron-
delag-@stlandet i Norge och i snitt 61° N i
Sverige.

3) Samkérningen bestar av viixelstromsférbin-
delserna i norr och den nya 420 MW HVDC-
forbindelsen Fennoskan.

4) Kapaciteten pa vixelstromsforbindelserna
kan ibland (i huvudsak under toppefTekttid)
begrinsas av verforingsméjligheterna pa det
svenska nitet. Det innebir dock ingen prak-
tisk begrinsning av Finlands exportmdjlig-
heter till Sverige.

5) Overforingskapaciteten kan ofta vara hogre.
Den iir beroende av aktuell produktionssitua-
tion och driftliggning.

6) Virdet 600 MW forutsiitter att Kontiskan 1
fortfarande ér i drift.

7) Viirdet 150 MW forutsitter att 220 kV forbin-
delsen i Finland byggs ut dnda fram till Pirtti-
koski.

Utdver de rekommenderade dverfo-
ringskapaciteternaenligt ovan redovisas
ocksd fOrslag om vissa landsvisa
dtgiirder som bor vidtas.

En dversyn av Nordels ndtdimensio-
neringsregler har beslutats och en ad
hoc-grupp har tillsatts férarbetet. De nu
gillande reglerna antogs av Nordel ar
1972. De har sedan dess varit oforind-
rade, trots att det nordiska kraftsyste-
mets savil struktur som storlek dndrats
avsevirt sedan dess. Arbetet med over-
synen beriknas ta ett par ar.

Ndtgruppens eget arbetsprogram
innebdr visst kompletterande arbete pa
stadium 1995. Direfter skall man starta
upp arbete med nétstudier pa ett
stadium vid sekelskiftet. Nitgruppen
forutses ocksa bidra med underlag for
de landsvisa dtgirder som foreslagits i
rekommendationen enligt ovan.

Med anvindande av de utvecklade
kraftbalansmodellerna har  Produk-
tionsgruppen studerat Nordelsystemets
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produktions- och samkorningsforhal-
landen i stadium 1995. Man har ocksa
bidragit med underlag for de studier
som Nitgruppen gjort om 6verforings-
kapaciteter pid samkorningsforbindel-
serna i stadium 1995. En del komplette-
rande studier pa stadium 1995 aterstar.
Direfter kommer Produktionsgruppen
att starta upp arbete med studier pa ett
stadium kring sekelskiftet.

I samarbete mellan Drift- och Plane-
ringsutskotten har studerats utveck-
lingenav effekt-och energibalansernafor
Nordelsystemet fram till stadium 1995,
Som en sammanfattande slutsats kan
konstateras att effektreserven i Nordel-
systemet har minskat kraftigt de senaste
aren och att detta dr en trend som ser ut
attfortsitta. Denspecialartikel om kraft-
balanssituationen i Nordelsystemet
som redovisas i denna Aarsberittelse
belyser detta och har tagits fram i samar-
bete mellan Drift- och Planerings-
utskotten.
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Den 6kande osiikerhet pa energiom-
radet som blivitrddande under senare ar
har lett till att krafiforetagens planering
baseras pa allt osikrare forutsdttningar.
Utbyggnaderna av kraftsystemet bor
dock sa lingt som mojligt ge ett tekniskt-
ekonomiskt acceptabelt system &ven
om utvecklingen blir annortunda ir vad
man har bedomt som mest sannolik.
Scenariostudier pa Nordelsystemt kan
vara en mdjlig vig att mota de nya
utvecklingstrenderna. Inom Plane-
ringsutskottet pagir forberedelser for
att starta upp scenariostudier.

Nordiska radet har beslutat att 1988
skall vara ett nordiskt teknikir. Mot
denna bakgrund pégar en hel del aktivi-
teter pé olika hall i Norden. Norge har
fatt huvudansvaret for energiomridet.
En Nordisk energikonferens planeras
hallen i Stavanger den 26-28 september
1988. Konferensen kommer att
behandla amnen av interesse séavil for
tekniker som for verksamma i de poli-

-0 =

tiska myndigheterna. Planeringsutskot-
tets ordorande och sekreterare ingir i
planeringskommitteén for konferensen.

Viarmekraftutskottet

Syftet med utskottets verksamhet ir
att etablera samarbete och befrimja
erfarenhetsutbytet inom vidrmekraft-
omradet i Norden. Utskottet har hallit
tvimoten under 1987 och har behandlat
foljande rapporter och fragor:

Kirnbriinslegruppen konstaterar i
sin sista drsrapport att briinslemark-
naden ér stabil med t.o.m. svagt fallande
priser. Rapporten innehiller denna
ging ett fylligare avsnitt om bransleele-
ment tillverkningen. Nordels arsmote
beslét att gruppen skulle nedliggas.

Utskottets drift- och underhalls-
grupp anordnade pé hosten ett mote for
underhéllschefer. Gruppen har ocksd
behandlat upprustning och livstidsfor-
lingning av gamla kraftverk och beslot
att detta skall vara huvudtema for drift-
chefsmétet som skall hillas histen 1988.

Gruppen har ocksd tillsammans
med ad hoc-gruppen for miljofragor
sammanstillt tvd omfattande rapporter
om kostnader.och teknik for rokgasre-
ning. Den ena handlar om avsvavling
och den andra om reduktion av
kviveoxider i rokgaser.

Ad hoc-gruppen har preciserat sina
arbetsuppgifter att omfatta erfarenhets-
utbyte betriffande lagstiftningen inom
miljbomradet i Norden samt kraftfore-
tagens mojligheter att administrativt
och tekniskt hantera miljokraven.
Gruppen skall i tekniska fragor samar-
beta med drift- och underhéllsgruppen.
Generellt skall gruppen verka inom de
omraden, dir drift av kraftverk skapar
externa miljoproblem sisom luft-,
vatten- och markfororeningar och
bullerproblem.

Foér 1988 planerar gruppen att hilla
ett seminarium om miljofragor.

Forsknings- och utvecklingsarbetet
inom viirmekraftomradet har fortsatt-
ningsvis foljts upp av utskottet. Speciellt
intresse har dgnats arbetet inom NKA
(Nordiskt Kontaktorgan for Atomener-
gifragor) for att erhdlla praktisk nytta av
bl.a deras sidkerhetsprogram for kraftin-
dustrin.
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Energipolitik

anmarks afhangighed af impor-

teret energi blev yderligere

mindsket i 1987 ved en oget
produktion af dansk Nordse-olie og
-gas. Andelen af dansk energi i det
samlede  bruttoenergiforbrug steg
herved til 38%, mod 31% aret for.
Forbrug og eksport af dansk olie blev
henholdsvis 2,9 og 1,7 mio. tons. De til-
svarende tal for dansk naturgas var1,5 og
0,7 mia. m>.

Trods mange koncessionerede grup-
pers omfattende efterforskningsakti-
vitet i den danske undergrund er det
fortsat kun Dansk Undergrunds Consor-
tium, der producerer olie og naturgas.

Elverkernes pligtkeb af naturgas
under aftalen med Dansk Naturgas A/S
var 11987 0,09 mia. m?,

Under indtryk af nye forhandlinger
om gasleverancer til Dansk Naturgas

Avedoreveerket syd for Kebenhavn toner frem
i horisonten. Veerket star klar til brug i 199].
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A/S fra Nordseen har ELKRAFT sidst
pa dret besluttet at vurdere mulighe-
derne for at anvende billig og milje-

venlig naturgas pa kraftverkerne.
Gassen skal i givet fald anvendes i
kombikraftvaerker, hvor gasturbiner
kombineres med kraftvarmeproduce-
rende dampturbineanleeg. Langsigtet
forsyningssikkerhed og rimelig pris i
forhold til kul er blandt forudsaetning-
erne for, at planerne kan realiseres. Den
danske energiminister ser meget posi-
tivt pa dette initiativ, som han anser for
en naturlig fortsettelse af de senere 4rs
bestrebelser pid at nedsatte miljo-
generne ved elproduktion.

Som et led i dansk energipolitik er
energisparekampagnen i 1987 blevet
yderligere intensiveret med fokus pa
elbesparelser. De danske elselskaber er
gdet massivt ind i denne kampagne,

_10_

The Avedoreveerket power plant south of
Copenhagen in the background. Decided in
service 1991,
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som omfatter skolemateriale, plakater,
annoncer, radgivning, TV-spots m.m.

Der er betydelig energipolitisk inte-
resse for at skabe en belastningsudjav-
ning for derigennem at opna hejere
udnyttelse af elsystemets kapacitet.

Til dette formél arbejder flere danske
elselskaber med at indfere nye, tidsdif-
ferentierede el-tariffer, hvor elprisen er
lavest om aftenen, om natten og i week-
enden, og hgjest om formiddagen og
sidst pa eftermiddagen pd hverdage. |
overgangsperioder afregnes til en
mellempris.

Baggrunden er de seneste ars erfar-
inger, der viser, at en meerkbar adfzrds-
@ndring hos forbrugerne kan opnis
med tidsopdelte tariffer, der afspejler de
reelle, varierende omkostninger i elsy-
stemet.



Elforbrug

Det samlede elforbrug i Danmark
blevil987 ca. 30 TWh, enstigning pa ca.
4 4% fra 1986.

Det var forst og fremmest handels-,
service- og landbrugssektorerne, som
pgede elforbruget. Stigningen var her
ca. 5%. Forbrugsstigningen i private
husholdninger var ca. 3%, medens indu-
sgrézns forbrug var uzndret i forhold til
1986.

1 1987 fordelte elforbruget sig med
32% pa private husholdninger, med 28%
pd handel og service, med 28% pa
industri og med 12% pa landbrug m.m.

Prognoserne for de kommende 4drs
elforbrug baseres pid moderate stig-
ningstakter omkring godt 2,5% p.a.

rets maksimale belastninger
optridte den 12. og 13. januar, hvor
ekstraordinzer kulde og blest medfarte
rekordheje belastninger under aften-
hejlastperioden. 1 det estlige Danmark
(ELKRAFT) blev maksimum 2.718
MW og i det vestlige Danmark
(ELSAM) 3.385 MW,

De ekstreme belastningsforhold, der
varede ved i nogle dage, skabte en
anstrengt forsyningssituation. 1 begge
omrader lykkedes det dog at undgd
udkobling af forbrugere ved at udnytte
alle disponible muligheder for at opret-
holde forsyningen.

Elproduktion

Den installerede effekt pa danske
elveerker var ved udgangen af 1987 ca.
8.230 MW, knap 1% mindre end den
justerede effekt for 1986.

Effekten fordeler sig med 94,1% pa
dampkraftanieg, 4,5% pa gasturbine-og
dieselanleeg, 1,3% pa vindkraft og 0,1%
pé vandkraft. Opgerelsen omfatter 200
MW privatejede produktionsanleg,
heraf alene ca. 100 MW vindkraft.

Envasentlig del af effekten findes pa
kraftvarmeverker, hvor ydeevnen redu-
ceres, narder leveresfjernvarme. Under
topbelastning udgoer denne reduktion
omkring 600 MW,

1 1987 blev i alt 130 MW i gamle
anlaeg trukket ud. Herefter fandtes der
ved arets slutning ca. 4% af effekten i
gamle, forzldede anlag, som kun i
ekstreme situationer tages i brug, og
som kraever et varsel pa mindst et par
dage.

En blok pa 295 MW + 10 MW over-
belastningsevne blev efterto drsombyg-
ning til kombineret kul-, olie- og gas-
fyring atter taget i brug i 1987.

Dampkraftanleggene daekkede
86.4% af drets elforbrug, vindkraft 0,5%
og vandkraft 0,1%. De resterende 13,0%
dakkedes af nettoimporten.
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I samproduktion med eletricitet
leverede  kraftvarmevarkerne  ca.
52.000 TJ fjernvarme.

Kraftverkerne forbrugte i 1987
braendsel svarende til ca. 11,1 mio. tons
kul med en kulandel pa 97%.

Byggeriet af nye blokke pA Amager-
vaerket, Avedereveaerket og Fynsvaerket
fortsatte med henblik pa idriftseettelse i
henholdsvis 1989, 1991 og 1991.

1 1987 blev det fjerde danske rogaf-
svovlingsanlaegsatiordre. Det drejersig
om et vadproces-anlaeg til Avedorevar-
kets blok 1 pa 250 MW med idriftseet-
telse i 1991. Restproduktet bliver gips.

To dansk producerede forsegs- og
demonstrationsanleg for regrensning
blev taget i brug i 1987. Det ene fjerner
kvalstofoxider, medens det andet
fjerner sével svovl- som kvelstofoxider
med svovisyre og vand som restpro-
dukter.

Disse forsegs- og demonstrations-
anleg er eksempler pa elvaerkernes
stigende engagement i udviklingsar-
bejde hos industrien, med hoved-
vaegten pa miljeforbedring og fyrings-
teknik. Elvaerkerne anvendte 1 1987 ca.
110 mio. kr til sidanne formal.

Det forste decentrale kraftvarme-
vaerk under el-udbygningsaftalen fra
1986 blev taget i brug i december.
Anlegget er naturgasfyret med yde-
evnen 17 MW el og 29 MJ/sek. varme.

I 1987 er der projekteret og for-
handlet om vyderligere hen ved 30
decentrale kraftvarmeverker, fordelt pa
anlag der fyres med enten naturgas,
halm, flis, affald eller biogas.

De nazvnte decentrale kraftvarme-
vaerker far en samlet elektrisk ydeevne
pa godt 200 MW, d.v.s. knap halvdelen
af aftalens ramme pd 450 MW.

Masnedo Vindmellepark med fem
750 kW maoller blev i januar indviet af
den danske energiminister. Der har
senere vist sig revner i fire vinger, som
efter reparation anvendes i forsegsvis
drift. I oktober udbreendte den ene af de
fem moller efter en fejl i generatorafbry-
deren.

Opferelsen af den hidtil sterste
danske vindmolle pa 2 MW er afsluttet
neer Esbjerg. Forsegsmellen er bygget
med stotte fra den danske stat og EF, og
den idriftseettes i begyndelsen af 1988.

Elvaerkerne hari 1987 arbejdet med i
alt en halv snes vindmellepark-pro-
jekter pa tilsammen ca. 34 MW.

Projekterne har medt adskillige
hindringer, ikke mindst i forbindelse
med myndighedsbehandling. Nasten
overalt har dette medfort vesentlige for-
sinkelser, og nogle projekter har mattet
@&ndres. Kun to vindmelleparker var
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helt eller delvis etableret ved éarets
udgang.

Denne situation har skabt tvivl om,
hvorvidt elverkerne kan fa alle vind-
kraftaftalens 100 MW realiseret til aftalt
tid, d.v.s. inden udgangen af1990. Milje-
og energiministerierne soger derfor nu i
fellesskab en lesning, der sikrer, at
elveerkerne kan opna en forsvarlig
udbygningstakt med vindkraft.

Elpriserne

Efter prisnedsattelsen i oktober
1986 har derikke veeret sterre &ndringer
i elpriserne.

Den gennemsnitlige elpris for en
forbruger med et arligt forbrug pa 3000
kWh var i 1987 42,5 ere/kWh uden
afgifter og 91,5 ere/kWh med afgifter.
Energiafgift og moms udgjorde sdledes
hen ved 55% af forbrugerprisen.

Fra 1. januar 1988 stiger elpriserne
overalt i landet, i gennemsnit med
omkring 7 ere/kWh for en forbruger
med 3000 kWh arligt forbrug. Prisstig-
ningen er for en stor del et resultat af, at
priserne i 1987 bevidst var sat lavt, for at
selskaberne kunne «tilbagebetale» tidli-
gere opsamlede overskud.

Eltransmissionsnettet

Udbygning af Konti-Scan forbin-
delsen mellem Jylland og Sverige med
et 300 MW, 285 kV DC-kabel skrider
planmassigt frem. Alle bygninger er
opfert, friluftsstationen er etableret og
thyristorventilerne er under montage.
Kabeludlaegning sker i maj 1988, og
provedrift ventes indledt i august 1988.

Projektassistance

Bide hos ELKRAFT og ELSAM
satses der pa salg af projektassistance.

ELSAM’s projekteringsafdeling blev
1.1. 87 udskilt som selvsteendigt, radgi-
vende selskab under navnet ELSAM-
PROJEKT A/S. Alle aktierne i sel-
skabet ejes af 1/S ELSAM. Firmaets
formal er forst og fremmest at udfere
opgaver for ELSAM og ELSAM’s inte-
ressenter, men det patager sig ogsa
opgaver for andre bygherrer - bade i
Danmark og i andre lande.

ELKRAFT har dannet en ny afde-
ling, kaldet ELKRAFT-Consult, som
det er hensigten senere at udskille som
selvstendigt  selskab. ELKRAFT-
Consult forestar markedsforing og kon-
trahering og er ansvarlig for gennem-

forelse af udlandsprojekter hos
ELKRAFT og  selskaberne i
ELKRAFT-omridet.



Energiekonomi och -politik

en finska nationalekonomin
D genomgick en snabb hogkon-

junkturunder1987. Industripro-
duktionen okade med drvgt 4% och i
synnerhet den kemiska skogsindustrins
produktion dkade kraftigt till foljd av en
aterhimtning av exporten till viist.
Pappers- och cellulosaindustrins pro-
duktionskapacitet var i si gott som fullt
bruk. Bruttonationalprodukten steg
med ca 3,5%. Jordbrukets missvixt
orsakade en 0,5-0,7%:s minskning av
bruttonationalprodukten.

1987 ékade energikonsumtionen
med 6-7% till ca 29 Mtoe. Okningen
forklaras frimst med den striinga kolden
vintern 1987 samt industrins hégkon-
junktur. Naturgaskonsumtionen okade
relativt sett mest, med ca. 40%, i och
med att utbyggnaden av naturgasled-
ningen till Tammerfors och Helsingfors

Skorstenen vid Kouvola kraftverk reses.
Kraftverket pa 41 MW eldas med naturgas.

blev firdig i slutet av 1986. Sjilviorsorj-
ningsgraden var omkring 30% tack vare
den rikliga vattenkraften.

Det nya statsradet, som inledde sitt
arbete i borjan av maj 1987, har i sitt
regeringsprogram specificerat f6ljande
energipolitiska grundlinje: regeringen
tryggar en kontinuerlig energiforsorj-
ning och formanlig baskraft for
industrin, Energisparandet och miljo-
kraven beaktas nir energipolitiska
beslut fattas.

Da det giller miljoskydd betonar
regeringen forskningens och det inter-
nationella samarbetets betydelse. Den
befrimjar naturgasanvindning och
decentraliserad energiforsorjning, Enligt
regeringsprogrammet byggs inga nya

i erkiFinland underregeringens
mandattid.

I december antog riksdagen den nya
kdrnenergilagen enligt vilken riksdagen

The smokestack at the Kouvola powerplant is
raised. The power plant of 41 MW is fired with
natural gas.

bl.a. fattar beslut om byggandetav even-
tuella nya kirnkraftverk. Den allmiinna
opinionen har pa sistone blivit mer
positiv till kirnkraft. And4 ir opinionen
nigot mer negativ dn fore kiirnreaktor-
haveriet i Tjernobyl viren 1986.

I februari besl6t regeringen om de
forsta Atgdrderna och utslippsgriin-
serna, vilket betyder att svavelutslippen
begriinsas med 50% fran 1980 érs niva
fram till 1993. Enligt beslutet skall
avsvavlingsanliaggningar installeras i
alla nya samt i storre dldre kolkraftverk
fram till 1993. Beslutet innebir att
ndstan ett par miljarder finska mark skall
investeras i energiforsérning under de
foljande 5-6 ren. | november beslot stats-
radetocksi om utslippsgriinserna forolje-
kraftverk och maximivirden for kolets
svavelhalt. Beslutet innebir att svavel-
halten i tung brannolja kan hégst vara
1% i bosittningscentra i sodra Finland.



I februari 1987 grundades en energi-
kommitté pd hég niva som skall utreda
densambhiilleliga inverkan avolika ener-
giformer. Utredningarna omfattar bl.a.:
- energiteknologi
- ekonomiska och samhilleliga inverk-

ningar
- miljo- och hilsoeffekter

Kommittén skall ocksé utreda vilka
inverkningar energiproduktionen med-
for och hur storariskerna ir jamfort med
andra samhilleliga funktioner. Kom-
mittén anlitar experter pa energiforvalt-
ning, energiproduktion och energifor-
brukning. Kommittén skall slutfora sitt
betiinkande senast den 31.12. 1988.

Lagen om fornyande av energifor-
sorjningsplanering har varit pa remiss.
Enligt forslaget slopas den nuvarande
stamplanen och Elférsorjningsdelega-
tionen nedlaggs och endast kraftverk pa
dver 250 MWe fGrutsiitter statsradets
tillstand.

Elforbrukning

Elférbrukningen 6kade ar 1987 mer
in nagonsin tidigare, eller ca 3,6 TWh.
Den totala elférbrukningen uppgick till
56,3 TWh och ékningen var nistan 7%.
En del av okningen berodde pa den
exceptionella  viderleken. Januari
méanad 1987 var mycket kall och den
andra veckan i januari den kallaste
genom tiderna. Pa flera orter, i
synnerhet i sddra Finland, slogs nya
koldrekord. Pa t.ex. Helsingfors-Vanda
flygfdlt var veckans medeltemperatur -
30.4°C och i Helsingfors uppmattes ett
nytt rekord, -34,3°C. Landets nya
toppeffekt uppstod den 12.1. 1987 och
var 10.085 MW, vilket dr 1.200 MW mer
in foregdende ar. 1987 var ocksd pd
andra sdtt exceptionellt, varen och
sommaren var kyliga och boérjan pa
hosten mycket regnig.

Kolden innebar att elférbrukningen
for uppviirmning okade kraftigt. Elbe-
hovet har ocksa tkat inom hushall och
service. En betydlig del av 6kningen av
elbehovet har berott pa industrins - i
synnerhet den kemiska skogsindustrins
- goda konjunkturer. Antalet elupp-
virmda bostider har fortsatt att Oka
snabbt trots att oljans prisutveckling
varit gynnsam. Okningen var 25.000
bostider och antalet eluppvirmda
bostiader uppgick till 385.000. Elektrici-
teten stod for dryga 23% av den slutliga
energiforbrukningen, medan den var
22,6% ar 1986.

Prognoserna for elefterfragan revi-
derades under 1987. Industrins framtida
utsikter har ljusnat till féljd av produk-
tutveckling, rationaliseringar av flera
branscher samt energiskattereformen.
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Enligt den nyaste prognosen av Elpro-
ducenternas samarbetsdelegation dkar
elbehovet till ca 74 TWh fram till ar
2000. Okningen dr ca 3 TWh stérre dn
vad de tidigare prognoserna forutspatt.

Elproduktion

Elproduktionen var ca 50,7 TWh ar
1987. Produktionen stod for ca 90% av
totalférbrukningen och nettoimporten,
som var ca 5,6 TWh, for ca 10%.

Vattenkraftproduktionen uppnadde
1981 4rs rekord, ca 13,5 TWh. Detta for-
klaras med sommarens och hostens
rekordstoranederbord, som resulterade
i ovanligt vilfyllda vattenmagasin.

Aven kidrnkraftproduktionen har
varit rekordstor, produktionen uppgick
till 18,5 TWh, vilket star for 36% av total-
produktionen. Alla kirnkraftenheter
har fungerat klanderfritt och foljande
utnyttjningsfaktorer noterades for res-
pektive kraftverk (revisionerna medriik-

nade):

Lovisal 93,2%
Lovisa 11 92,6%
Olkiluoto I 90.9%
Olkiluoto 11 92,3%

Med mottryckskraft producerades
ca 13,3 TWh, vilket innebiir en 6kning
om ca 0,9 TWh jamfort med foregaende
ar. Med ovrig varmekraft producerades
ca 5,3 TWh, eller 10% av totalproduk-
tionen.

Elimporten frin Sovjetunionen for-
blev oftrindrad, d.v.s. ca 4,7 TWh, och
nettoimporten fran Sverige minskade
nagot och utgjorde 0,9 TWh ar 1987.

Utbyggnad

Ar 1987 slutfordes byggandet av
endast ca 25 MW ny kraftverkskapacitet
i och med att tre smé vattenkraftverk
togs i drift under éret.

Diremot var mer dn 1000 MW ny
kraftverkskapacitet under byggnad. De
mest betydande nya kraftverken under
byggnad dr Imatran Voimas torvkon-
denskraftverk om 150 MW i Haapavesi,
Pohjolan Voimas 250 MW oljekondens-
kraftverk i Kristinestad samtett 132 MW
naturgaseldat kombikraftvirmeverk i
Tammerfors och ett 105 MW torveldat
kraftvarmeverk i Seindjoki. Av de nya
kraftverken dr ca 320 MW torveldade
och ca 330 MW naturgaseldade.
Dessutom har man fattat beslut om ett
naturgaseldat krafivirmeverk i Helsing-
fors med en effekt om 167 MW.

Imatran Voima och industrin har for-
handlat om byggandet av ett nytt
kolkraftverk om ca 500 MW i Bjorne-
borg. Man har dock inte dnnu fattat
nagot beslut. Man har ocksa forhandlat
om fortsatt elimport frin Sovjetunionen
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efter 1989 och elimport frin Norge frin
och med mitten av 1990-talet.
Under1987 slutfordes byggandetav 35
km400kV ledningar, 120 km 220 kV led-
ningar och ca 300 km 110 kV ledningar.
Vid samkoringsforbindelsen mellan
Sverige och Finland blev en transforma-
torstation pa 400/110 kV firdig i staden
Kemi niira grinsen. 1 Helsingforsre-
gionen togs i drift en gasisolerad kopp-
lingsstation och en transformatorstation
pa 400/110 kV. Byggandet av forbin-
delsen till Norge fortsitter och en 220
kV ledning fran Vajukoski till Varanger-
botn blir firdig sommaren 1988.
Effekten pa Fenno-Skan-likstréoms-
forbindelsen skall vara 500 MW med 400
kV dverforingsspianning. Forbindelsen ér
viirldens forsta langa DC-undervatten-
kabel med 400 kV dverforingsspanning.

Elpriset

Elektricitetens detaljpris forblev
nistan stabilt under 1987. Realpriset
sjonk med ca 4%. Den 1.1. 1988 var det
genomsnittliga konsumentpriset for
hushallsel 41,9 p/kWh i flervaningshus
och 36,1 p/kWh i smahus. Det skatte-
belagda konsumentpriset for direkt
elvirme var 27,8 p/kWh och for acku-
mulerande el 23,1 p/kWh. Storindu-
strins skattefria konsumentpris for el var
13,3 p/kWh den 1.1. 1988 och sdnk-
ningen var ca 0,5 p/kWh.

Partipriset pa el sjonk flera gnger
under 1987, totalt ca 5%, vilket frimst
berodde pa kolprissinkningen. En del
avden hirsinkningen har ocksidavspeg-
lats i konsumentpriserna.

Forskning och utveckling

Det har gjorts en undersdkning om
slutférvaring av anvint kirnbrénsle och
desssiikerhet. Enligt undersokningen ar
det tryggt att placera avfallet i den finska
berggrunden. Industrins Kraft (TVO)
har fortsatt att sbka en limplig ort for
slutforvaring, men detta blir dock
aktuellt forst efter 2010.

Nya kraftverkslosningar har under-
sokts. Imatran Voimas vindkraftanligg-
ning om 300 kW i Kopparnis uppnadde
en utnyttjningsfaktor pa 57% under sitt
forsta provar. Ett PFBC-undersoknings-
projekt (forbranning i trycksatt fluidi-
serad bddd) startades med syfte att 6ka
elproduktionens utnyttjningsfaktor vid
dngkraftverk som eldas med fast
brinsle. Dessutom har man utvecklat
ett dieselkrafiverk baserat pa hogtryck-
sinsprutning av naturgas. Kraftverket
skall frimst generera kraftvirme forsma
titorter. Man har ocksd undersokt
olika kombikraftverk med gasturbin-
angturbinlGsningar.



Provning af damp-borehuller pa Nesjavellir,
Svd-Island, hvor Revkjavik Fiernvarmeveerk
nu forbereder bygning af et geotermisk kraft-
varmeveerk.

Testing of steam wells at Nesjavellir, Southern
Iceland, where the Revkjavik Municipal
District heating Service now prepares the
construction of a geothermal combined heat
and power (CHP) plant.
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Okonomisk udvikling

vy ret 1987 var i Island preeget af en
Arclalivt hej okonomisk vakst pa
6.6% (6,0 i 1986). Vardien af
fiskeriprodukter, landets vigtigste
produktkategori, voksede reelt med 7%:
ovrige industriprodukter med 3%. Til-
svarende tal for 1986 var 10,0% og 5,0%.
Investeringer voksede med 8% i forhold
til 1986. Arbejdslesheden 14 i gennem-
snit pd 0,6% af arbejdsstyrken (0.7% i
1986). Inflationen viste igen en opad-
gdende tendens, fra ca. 15,9% p.a. ved
indgangen til 1987 til ca. 24.4% p.a. ved
dets slut. Konsumentprisindeksen steg
med 24.4% frad. 31. dec. 1986 til samme
dato 1987.
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Energipolitik og lovgivning

Island fik en ny regering den 8. juli
1987, efter Altingsvalget i april. Om
energi- og industripolitik heder detiden
nye regerings program at «man fortsat
vil sege samarbejde med udenlandske
interessenter om energiintensiv
industri i den grad markedssituationen
tilsiger og det passerind i landets energi-
forsyning. Energiforsyningens organi-
sationsforhold skal revideres, deri-
blandt de opgaver som er tildelt Statens
Energistyrelse og Energifondet.»

Der er saledes tale om en stort set
uendret energi- og industripolitik fra
den forrige regering; dog med en noget
neddempet veegt pa energiintensiv
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industri, i takt med dagens konjunktur-
situation i disse industrigrene.

Den 22. juni 1987 afsluttedes fore-
lobig, med et negativt resultat, forhand-
linger mellem repraesentanter for den
islandske regering og den britiske indu-
strikoncern RTZ Metals om den sidst-

Skotland har varet oppe til diskussion
flere gange i drenes lob. Bl.a. har ekono-
mien af en sidan eksport veeret studeret
i Statens energistyrelses regi i 1975 og
1980. Resultatet blev i begge tilfelde at
omkostningerne i Skotland pa el fra
Island ville ligge pd niveau med hvad det
koster at producere kraften i Skotland i
kulfyrede veerker eller kernekraft-
vaerker. I 1986 tog Statens energistyrelse
sagen op igen og ved hjzlp af data fra
ASEA Transmission i Vesteras kom
man endnu en gang frem til det samme
resultat hvad ekonomien af en sadan
eksport angar.

Imidlertid er der andre aspekter af
sagen end de rent ekonomiske, bl.a.
miljemassige, ligesom de okonomiske
forudseetninger jo @ndres med tiden. |
forbindelse med den forestiende priva-
tisering af elforsyningen i Storbritan-
nien har der opstaet interesse i forskel-
lige kredse for alternative kilder til elfor-
syning. Nogle af disse kredse har vist
interesse for at studere kraftimport fra
Island. Landsvirkjun, Islands sterste
elproducent har i 1987 pabegyndt en
egen studie af disse muligheder som
ventes afslutteti begyndelsen af 1988, og
en af de ovenfor navnte britiske kredse
har vaeret i kontakt med Landsvirkjun
om sagen.

Elkonsumptionen

Elkonsumptionen i Island i 1987
udgjorde 4152 GWh brutto, d.v.s. inklu-
sive transmissions- og distributionstab
samt elvaerkernes egetforbrug. Tilsvar-
ende tal for 1986 var 4058 GWh. Det
modsvarer en vaekst pa 2,3%.

11987 gik 52,1% af totalforbruget til
kraftkreevende industri mod 52,8% aret
for. Dens forbrug voksede med 1,0%.
Det almindelige forbrug voksede med
3,8% uden temperaturkorrektion; med
denne var vaeksen 7.5%. Forbruget
bestod af 3656 GWh fastkraft og 497
GWh ikkegaranteret kraft.

I sin serie af energiprognoser ud-
sendte det sdkaldte Energiprognose-
udvalg i 1987 en prognose over forbrug
af geotermisk energi i perioden 1987-

NORDEL 189877

2015, opdelt pa forbrugerkatagorier.
Nedenstiende tabel viser et uddrag af
denne prognose. Tallene angiver nyttig-
gjort varme.

Elproduktionen

Elproduktionen i Island i 1987 ud-
gjorde 4152 GWh mod 4058 GWh éret
for. Heraf blev 94,3% produceret i vand-
kraftveerker (94,7% 1 1986); 5,6% i
geotermiske veaerker (5,2 aret for) og
0,1% i dieselkraftveerker (0,1% i 1986).

Installeret effekt i Islandske kraft-
vaerker var 921 MW ved udgangen af
1987 (922 MW i slutningen af 1986),
hvoraf 752 MW i vandkrafivaerker
(uforandret fra forrige ar); 128 MW i
konventionelle varmekrafivaerker, diesel,
kondens og gasturbiner (129 MW aret
for) og 41 MW i geotermiske varker
(uforandret fra forrige ar).

Bygningen af 150 MW vandkrafi-
vaerket ved Blanda i den vestlige del af
Nord-Island fortsatte i 1987, med idrift-
tagning i 1991 for @je. Landsvirkjun stir
som bygherre. Reykjaviks Fjernvarme-
verk forberedte i 1987 bygning af et
geotermisk kraftvarmevark Nesjavellir
1 Syd-Island pa 300 MW nyttiggjort
varme + mindst 50 MW el. Som foerste
etape regnes der med 100 MW nyttig-
gjort varme ca. 1990, men uden elpro-
duktion, som er udsat pa ubestemt tid.

Elpriser

Den 1. jan. 1987 forhejede Lands-
virkjun sin en-gros elpris med 7,5%;
med 9,5% den 1. aug. og med 9% den 1.
des. Den inflationskorrigerede en-gros
pris den 1. jan 1988 var 1,1% hejere end
den 1. jan. 1987, men 31,8% lavere end
den 1. maj 1984.

Pé grund af stigende prisnoteringer
pé rdaluminium i den senere halvdel af
1987 steg Landvirkjuns kraftpris til Det
islandske aluminiumselskab fra 12,5
mUSD/kWh i 1. og 2. kvartal 1987 til
13,213.0g14,9 mUSD/kWh 4. kvartal.
(fra 0,073 SEK/kWh til 0,077 i 3. og
0,086 SEK/kWh i 4. kvartal ifolge
kursen den 31. dec. 1987).

nevntes investeringer i kraftkraevende

industri i Island. quhan_dlingerne Op-  Svomme- Sne-og  Vakst  Akva- oo Andet o
havde veeret i gang siden arsskiftet 1985/ Ar  varmning bassiner issmeltning huse kultur forbrug  Gwh
86. Grunden til dette udfald angaves at GWh  GWh GWh GWh  GWh GWh

vare den internationelle markedssitua-

- e 1986  3.770 226 127 207 18 262 1 4.611
tion for navnlig silicummetalpro- 1990 4060 262 310 224 9 375 [ 5322
dukter, idet den patenkte investering 1995 4322 299 493 245 210 493 1 6.063
vari et siliciummetalverk. Man f;nedes %88(5) ;&ggé ggg %g %% %;: ggg 1 gg?g
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Eksport af elektricitet fra Island til



Bolgekrafiverket til Kvaerner Engineering og
Norwave utenfor Bergen.

A wave power plant near Bergen constructed
by Kveerner Engineering and Norwave.
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Energipolitikk.
ittenhundre og attisju markerte
N for alvor gasskraftens inntreden
som et reelt alternativ i norsk
energiforsyning.

26. februar 1987 leverte Statkraft sin
konsesjonssoknad for et gasskraftverk
paKirsteiRogaland. Gasskraftverketer
planlagt 4 fa en installert elektrisk ytelse
paca. 700 MW, ogen arsproduksjonpa s
TWh. Olje- og energidepartementet la
opp til en meget rask behandling av
seknaden, med frist for innstilling fra
NVE satt til 15. november 1987. Depar-
tementet tar sikte pa 4 legge fram propo-
sisjon for Stortinget innen utlepet av 1.
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kvartal 1988.

Behandlingen av en soknad fra
Norsk Hydro av 25. mai 1987 for et
gasskraftverk pa Karmeoy i Rogaland, ble
forelepig stilt i bero av departementet. [
brev av 22. desember 1987 har departe-
mentet bedt NVE om 4 gjenoppta
behandlingen.

10. april 1987 la Regjeringen fram
St.meld. nr. 38 (1986-87), Norges fram-
tidige energibruk og -produksjon. I
meldingen presenteres en oppdatert
vurdering av energiforsyning og energi-
dekning i Norge i 1990-arene. Regjerin-
gens hovedalternativ for framtidig fast-



kraftetterspersel i alminnelig forsyning
er 77 TWh i 1995 og 85 TWh i 2000.

I trdd med tidligere vedtak i Stor-
tinget er rammetallene for tildeling av
fastkraft til kraftintensiv industri satt til
36 TWh i 1995 og 2000. Videre er det
gjort et paslag for usikkerhet pA2 TWhi
1995 og 3 TWhi2000. Tilsammen tilsier
dette en fastkrafttilgang pa 115 TWh i
1995 og 124 TWh i 2000. Dette er en
oppjustering pa henholdsvis 3,5 og 4
TWh sammenliknet med maltallene i
forrige energimelding fra 1985.

Energimeldingen slar fast at det er
stor usikkerhet knyttet til prognosene
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for kraftettersporselen og understreker
behovet for en energiplanlegging som
gjor det mulig raskt 4 tilpasse produk-
sjonskapasiteten til endrede behov.
Mulighetene for 4 bygge gasskraft-
verk innebaerer okt fleksibilitet i krafi-
forsyningen, ved at byggetiden er
vesentlig kortere enn for store vann-
kraftprosjekter. Regjeringen peker dess-
uten paatdetikke kan regnes som realis-
tisk 4 kunne dekke kraftettersparselen
fram mot ar 2000 ved vannkraftutbyg-
ging alene. Bl.a. pd denne bakgrunn og
fordi gasskraft framstar som gkonomisk
konkurransedyktig med vannkraft, gar
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Regjeringen i Energimeldingen inn for
utbygging av gasskraftverk i Norge.
Meldingen nevner spesielt Statkrafts
spknad om tillatelse til 4 bygge og drive
et gasskraftverk pa Karste. Etter planen
kan dette verketstd ferdigallerede i1991.
Det er ogsd sannsynlig at en utbygging
av Haltenbanken kan gi grunnlag for et
gasskraftverk i Midt-Norge fra midten
av 1990-arene.

4. desember la Regjeringen fram
St.meld. nr. 19 (1987-88), Tillegg til
St.meld. nr. 38 (1986-87). 1 denne
meldingen utredes nzrmere enkelte
spersmal i tilknytning til utbygging av
gasskraftverk og innfasing av sterre
mengder gasskraft i det norske kraft-
systemet.

Om prising av gass til innenlandske
formal heter det i Tilleggsmeldingen:
«Hovedprinsippet for prising av gass til
innenlandske formél ber vaere at prisen
skal reflektere den verdi gassen har i
markedet. Sa lenge kraftproduksjon er
eneste viktige anvendelse for gass i
Norge, ber gassprisen reflektere den
verdi gassen har i kraftmarkedet, dvs.
nir den brukes til kraftproduksjon.
Denne kraften vil bli avsatt i engrosmar-
kedet, og etter departementets syn ber
en derfor basere seg pd verdien av kraft i
engrosmarkedet ved tilbakeregning til
gassprisen.»

Regjeringen girvidere inn forat Stat-
kraft som hovedregel skal ha majoritets-
interesse i de gasskraftverk som bygges.
Sterre  kraftselskaper og industri-
bedrifter med store kraftbehov ber ogsa
kunne delta i bygging av gasskraftverk
for 4 kunne sikre seg nadvendig tilgang
pa kraft.

St.meld. nr. 53 (1986-87), Om
Samlet Plan for vassdrag ble lagt fram av
Regjeringen 30. april 1987. Denne
meldingen er en oppfelging av den
forste Samlet Plan - St.meld. nr. 63
(1984-85) som ble behandlet i Stortinget
varen 1986. Samlet Plan er mentd skulle
ordne keen av vannkraftprosjekter etter
kriterier som bestdrien kombinasjonav
stigende kostnad og ekende grad av
konflikt med andre brukerinteresser.
Kategori 1 i Samlet Plan omfatter pro-
sjekter som kan behandles straks. I
denne kategorien finnes i hovedsak
mindre prosjekter med lav regule-
ringsgrad. De planlagte gasskraftverk er
forutsatt kjert som grunnlastverk, og
dette vil medfere okt krav til produksjon
av vinterkraft og til effektinstallasjon i
vannkraftsystemet. P4 denne bakgrunn
er det fra flere hold, bla. fra NVE,
uttrykt enske om en omprioritering av
Samlet Plan for 4 fi fram sterre pro-
sjekter med hey reguleringsgrad.



Verken Energimeldingeneller Samlet
Plan er tatt opp til behandling i Stor-
tinget i 1987, men begge er ventet
behandlet viren 1988.

Rapporten fra Verdenskommi-
sjonen for milje og utvikling («Brundt-
landkommisjonen») ble lagtframi1987.
Rapporten trekker opp perspektiver for
den globale milje- og ressursutvikling
og inneholder anbefalinger om hva som
mad gjeres for at vi skal fi det kommi-
sjonen omtaler som en barekraftig
utvikling. I energikapitlet konkluderer
kommisjonen med at en lavenergistra-
tegi er den beste vei mot en baerekraflig
framtid. Ford oppna dette bor detlegges
vekt pa energieffektivitet, miljovennlig
teknologi og fornybare energiressurser.
Regjeringen sier i Tilleggsmeldingen:
«De mulige farene ved bruk av fossilt
brensel pé lang sikt kan sette grenser for
hvor mye gasskraft som ber produseres.
For a begrense bruken av fossilt brensel
pa global basis kan det bli vanskelig 4
komme utenom 4 dempe veksten i den
samlede energibruken. For a hindre at
den ventede ekonomiske veksten
trekker energiforbruket oppoverisamme
takt, ma prisene pa energi internasjonalt
pa lang sikt stige. @kte priser vil bade
begrense forbruket og gjere det mer
lennsomt 4 satse pd energioskonomise-
ring.»

Elektrisitetsforbruk.

Bruttoforbruket av fastkraft i almin-
nelig forsyning og kraftintensiv industri
ble tilsammen 98,4 TWhi1987. Dette er
en ekning pa 2,5 TWh tilsvarende 2,7%
fra 1986. Dette er noe heyere enn gjen-
nor;]snittlig vekst siste 7 ar, som var pa
1,9%.

Referert kraftstasjon okte fastkrafi-
forbruket i alminnelig forsyning med
2,6% til 68,4 TWh. Korrigert til normale
temperaturforhold er forbruket be-
regnet til 66,3 TWh som er 1,2% ekning
fra tilsvarende forbruk éret for. Dette er
en vesentlig lavere vekst enn gjennom-
snittet for perioden 1980-1987 som er pi
3,5%. Det er naturlig a se den beskjedne
veksten i 1987 pa bakgrunn av den
innenlandske konjunktursituasjonen.
Privat konsum er anslatt  falle med et
par prosent fra 1986 til 1987, og det ligger
an til en beskjeden vekst i bruttonasjo-
nalproduktet regnet eksklusive olje og
sjofart.

De fleste steder i landet var detogsd i
1987 billigere 4 fyre med lettolje enn
elektrisitet der slikt utstyr allerede
finnes. Den relativt beskjedne okningen
i salget av lett fyringsolje giennom 1987
tyder imidlertid pa at det har veert liten
overgang fra elektrisitet til lettolje siste

ar. Omregnet til ekvivalent mengde
elektrisitet levert til forbruker er salget
av lett fyringsolje 1 1987 11,1 TWh, ca 6%
okning fra 1986. 1987 var markert
kaldere enn 1986.

Kraftintensiv industri har i 1987
brukt 30,1 TWh referert kraftstasjon, 0,8
TWh mer enn dret for. Gjennom egen-
produksjon og faste kontrakter var den
kraftintensive industrien i 1987 sikret et
fastkraftkvantum pa i underkant av 30
TWh.

Det er store forskjeller mellom de
ulike kraftintensive neringer. Produ-
senteravaluminium ogandre ikke-jern-
holdige metaller har ekt sitt forbruk
med vel 6%, og hari1987 57% av elektri-
sitetsforbruket i kraftintensiv industri.
Verdensmarkedsprisene for aluminium
var i 1987 sveert haye og neringen har
hey kapasitetsutnytielse. Narings-
gruppen produksjon av jern, stil og
ferrolegeringer reduserte sitt forbruk
med vel 3%. Denne naringen slitermed
lave priser pd verdensmarkedet og
darlig lennsomhet. For produsenter av
kjemiske ravarer var forbruket av elek-
triglé krafti1987 omlag det samme som i
1986.

Det registrerte salgetav tilfeldig kraft
til store elektrokjeler var i 1987 pa 3,6
TWh referert kraftstasjon. Dette er
omlag en fordobling av forbruket fra
1986. Det vesentlige av denne gkningen
kan tilskrives treforedlingsindustrien,
som i tillegg til et heyt aktivitetsniva, har
erstattet tungolje med tilfeldig kraft.
Salget av tungolje til treforedlingsindu-
strienvari1987 vel 160 tusen tonn lavere
enn i 1986. Dette tilsvarer ca. 1,4 TWh
elektrisk kraft.

De siste drene er det i den endelige
arsstatistikken registrert et vesentlig
heyere salg av tilfeldig kraft enn det som
er registrert i korttidsstatistikken. Dette
er salg til mindre elektrokjeler og annet
forbruk av ikke-garantert kraft. De siste
drene har dette forbruket veert ca. 1
TWh. Ved beregning av fastkraftfor-
bruket i alminnelig forsyning er
forbruket i mindre elektrokjeler anslatt
10,8 TWh i 1987.

Den maksimale belastning som refe-
rerer seg til det innenlandske forbruk,
inntraff12. januar, og er anslitt til 18.440
MW. Dette er den hoyeste belastningen
som er registrert, og er ca. 900 MW
heyere enn den forrige rekorden som
ble malt i 1985. Toppbelastningen ble
maélt i en periode med ekstremt kaldt
veer over hele landet. Det er sveert
sjelden atdet samtidig opptrerekstreme
kuldeperioder over hele landet.

Elektrisitet dekket i 1987 47% av
energiinnholdetienergibeerere levert til
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forbrukerne (netto sluttforbruk). Petro-
leumsprodukter dekket 40,3% og faste
brensler 12,4%. Fjernvarme dekker de
resterende 0,3%.

Elektrisitetsproduksjonen.

Vannkraftproduksjonen ble i 1987
pd 103,8 TWh. Med tillegg av ca. 0,6
TWh varmekraft ble totalproduksjonen
104,.4 TWh. Dette er 7,2 TWh merenn i
1986, men produksjonen var heyere
bade i 1983 og 1984.

Det nyttbare tilsiget til norske vann-
kraftverk vari1987 97% av det normale.
Bare i liten grad har det veert nedvendig
i slippe vann forbi driftsklare maskiner.
Magasinkapasiteten erilepetav aret okt
med 3,5 TWh og var ved arets utgang pa
76,4 TWh. Magasinbeholdningen var
ved drets utgang 56,5 TWh som bare er
0,5 TWh mer enn ved drets begynnelse.

11987 var produksjonsevnen for fast-
kraft ca. 99 TWh, medregnet antatte
importmuligheter. Nye installasjoner i
lopet av dret okte produksjonsevnen
med ca. 1,5 TWh. Den storste nye instal-
lasjonen er Kobbelv i Nordland som har
maksimal stasjonsytelse pd 300 MW og
et beregnet fastkraftbidrag pa 942 GWh
ved full drift. Andre sterre kraftstasjoner
som ble dpnet i lgpet av dret er Alta i
Finnmark, Myster i Hordaland, Nadd-
vik i Sogn og Fjordane og Skarje i Aust-
Agder. Midlere produksjonsevne for
hele kraftsystemet er beregnet til 105
TWh.

Kraftutvekslingen med nabolan-
dene resulterte i en netto eksport pa 0,5
TWh. Mot Sverige er det eksportert 1,4
TWh og importert 2,2 TWh. Eksporten
til Danmark var 1,4 TWh. Importen fra
Danmark var 20 GWh og fra Sovjet 47
GWh.

Tilveksten i maskinkapasiteten (mak-
simal stasjonsytelse i stasjoner med
ytelse 1 MW eller mer) var i 1987 904
MW. Total maskinkapasitet ved ars-
skiftet 1987/88 er 25.587 MW, hvorav
314 er varmekraft. Statkraft eier i under-
kant av 30% av maskinkapasiteten. Vel
50% eies av kommuner og fylkeskom-
muner, og resten eies av private og indu-
striselskaper.

Elektrisitetspriser.

Statskraftprisen for levering til
alminnelig forsyning okte fra 16,53 ore/
kWhil 18,20 ere/kWh 1. mai 1987. Stor-
tinget har fattet vedtak om ytterligere
okning med 12,5% til 20,50 ere/kWh fra
1. mai 1988. Prisen er beregnet gjen-
nomsnitt ved 6000 timers brukstid og
referert hovednettet sentralt sted, ned-
transformert.

Gjennomsnittsprisen for elektrisitet



levert til husholdninger og jordbruk var
38,4 ore/kWh, alle avgifter inkludert.
Den forbruksavhengige kostnaden i en
H-4 tariff, som er den vanligste hushold-
ningstariffen, var i landsgjennomsnitt
34.5 ere/kWh inkl. avgifter, mens ekvi-
valent energikostnad ved lettoljefyring
var ca. 30 ere/kWh.

Den generelle elektrisitetsavgiftsom
belastes forbruker innenfor alminnelig
forsyning var 3,4 ere/kWh i 1987. For
1988 er elavgiften fastsatt til 3,6 ere/
kWh. For kraftintensiv industri var elav-
giften 3,1 ere/kWh i 1987 og den er for
1988 fastsatt til 2,8 ere/kWh for ferrole-
geringsindustrien og til 3.4 ore for ovrig
kraftintensiv industri.

Langtidsgrensekostnad for ny vann-
kraft til alminnelig forsyning referert
forbrukers vegg er beregnet til 32,2 ore/
kWh. Det er da benyttet 6% kalkula-
sjonsrente og pengeverdi pr. 1.1. 1987.
Landsgjennomsnittet for energileddet i
H-4 tariffen pr. 1.1. 1987 var til sammen-
ligning 29,2 ere/kWh inklusiv elektrisi-
tetsavgift.

Hovednettet.

Det er ikke satt i drift sterre over-
foringsanleggi1987. P4 overforingen fra
Hardanger/Indre Sogn til @stlandet er
det planlagt forsterkninger gijennom en
ny 420 kV linje Dagali-Nore og en ny
420 kV linje Aurland-Usta. Lednings-
planen er under konsesjonsbehandling
og anleggene er planlagt idriftsatt 1991.

Det pagar utredninger av det fram-
tidige overferingsbehovet ved en even-
tuell utbygging av gasskraftprosjektenei
Karste og Karmay. For en installasjon
pa 700 MW gasskraft forventes det kun
mindre investeringer i overferingsan-
legg for 4 knytte kraftverket til nettet og i
transformeringsanlegg for 4 bedre last-
fordelingen mellom 420 kV nettet og
300 kV nettet. For ytterligere gasskraft-
produksjonvil mer omfattende forsterk-
ninger vare nedvendige. Det pagir
videre utredningerav overfaringsbehovet
pa strekningen Trendelag-@stlandet
ved en eventuell utbygging av Halten-
banken og gasskraftverk i Midt-Norge.

Som en folge av vedtak om vannkraft-
utbygging i Saltfjell/Svartisen i Nord-
land, planlegges forsterkninger av over-
foringsnettet fra Rana til Trondelag.
Svartisen kraftverk pa 600 MW er plan-
lagt idriftsatt med sin fulle ytelse i 1993.

1 driftsaret er det ikke registrert
sarlig store tap eller langvarige avbrudd
for forbrukere som folge av driftsforstyr-
relser i hovednettet. Uvanlig mange
mindre forbrukstap oppsto imidlertid
da et kraftig uveer med sterk vind og
store nedbersmengder i lopet av ca. 18
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timer passerte store delerav Syd-Norge.
Over 100 driftsforstyrrelser grunnet
trefall og ledningsbrudd i 132, 66 og 45
kV nettene forirsaket i lokale nettdeler
mange og tildels langvarige avbrudd (i
enkelte tilfelle over ett deogn). En kraft-
stasjon ble oversvemmet og fikk et
produksjonstap pa ca. 6000 MWh.

rets sterste forbrukstap ved en
enkelt driftsforstyrrelse (ca. 8000 MWh)
rammet en industribedrift som bare har
ensidig mating. Her oppsto overslagien
132 kV kabel, og utover kortvarig stans
fikk bedriften redusert drift i 9 degn.

rets storste enkelte produksjons-
tap (ca. 8500 MWh) oppsto pa grunn av
skader i servosystemet for skovlene i en
turbin for en 65 MVA generator (brudd
pa 17 av 24 festebolter).

Annet.

Innenfor det norske programmetom
vindkraft har en i 1987 gjennomfert den
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foto: K. O. Hillestad
Alta Vannkrafiverk.
Alta hydro power station.

farste ordinaere driftsperioden med et
55 kW vindaggregat pa Froya utenfor
kysten av Ser-Trendelag. Tilgjengelig-
heten har veert god, og produksjonen
har vart i overensstemmelse med
produsentens anslag.

11988 vil det bli arbeidet med sikte
pa a fa fram et anslag for potensialet for
smaskala-integrert vindkraft i Norge.
Ved en del lokaliteter tas det sikte pa 4
bygge demonstrasjonsanlegg i stor-
relsen 100-400 kW.

Ved Elektrisitetsforsyningens forsk-
ningsinstitutt (EFT), arbeides det med &
utvikle et egnet styresystem for vind/
diesel prototypeanlegg (IE A-prosjekt).



Foro: Bengt Johansson S S s
Hisselby kraftvdrmeverk utanfor Stockholm. -

Hisselby thermal power station outside
Stockholm.

== Sverige

Energipolitik
och energiutredningar

egeringen lade i mitten av maj

fram en principproposition om

kidrnkraftavvecklingen och den
dirmed sammanhingande omstill-
ningen av energisystemet (Prop 1986/
87:159). Riksdagen beslt i december
heltilinje med regeringens forslag. Tidi-
gare beslut att avvecklingen av kirn-
kraften skall vara genomford senast ir
2010 star fast. Négra skil att avveckla
kirnkraften snabbare har ej fram-
kommit enligt de till foljd av Tjernobyl-
olyckan foretagna utredningarna. Erfar-
enheterna i Sverige och utomlands kan
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emellertid enligt regeringen komma att
motivera en tidigareldggning, varfor
omstillningen bor paborjas redan nu.
Det dr dirfor viktigt att ett intensivt
arbete med elhushéllning och ny energi-
tillférsel kommer igang snabbt.

Den forsta reaktorn skall enligt
propositioinen tas ur drift mellan 1993
och 1995. 1994-96 skall en andra reaktor
stingas av. Exakta tidpunkten far
bestimmas av energitillgingen. Vilka
reaktorer som forst skall tas ur bruk har
annu ej bestdmts.

Kirnkraftavvecklingen kommer att
medfora ett bortfall av el. Enligt propo-



sitionen skall bortfallet i forsta hand
motas med minskad elanvindning.
Regeringen anser att det dr viktigt att
halla tillbaka elanviindningen redan
idag for att inte 6vergangen skall bli for
svar. Med nuvarande elpriser finns
emellertid risk att hushallningsatgirder
och den nya kraftproduktion som
behovs inte kommer igang. Detta ir
ytterligare ett skil som tillsammans
med tidigare framforda foranleder att
regeringen tinker foresla hojda avkast-
ningskrav for Vattenfall. Eftersom
Vattenfall ir prisledande, kommer detta
pé sikt att leda till en allmén elprishoj-
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ning. Det hojda elpriset avses gora det
lonsamt att investera i ny energiproduk-
tion och i energihushallning.

I propositionen skisseras tvd tdnk-
bara utvecklingsvigar for den nya ener-
gitekniken. Den ena handlar om miljo-
vinlig forbranningsteknik for storre
kraftverk. Den andra om mindre elpro-
duktionsanliggningar, som t ex kraft-
virmeverk, med hog verkningsgrad och
goda miljoegenskaper.

Riksdagen beslutade vidare i
december enligt regeringens forslag
(prop 1986/87:167) att sma elprodu-
center skall fa ritt att silja till elnitet.

Syftet dr att utnyttja den sméskaliga
elproduktionen si mycket som mojligt.

Under éret har bildats ett energiut-
vecklingsbolag, Svensk Energiutveck-
ling AB, som skall ta fram ny teknik som
kan behdovas for att ersitta kiirnkraften.
Deldgare dr Vattenfall, Svenska Kraft-
verksforeningen och Sydkraft AB till-
sammans med Svenska Elverksfore-
ningen, Svenska Gasforeningen och
Svenska Varmeverksforeningen. Verk-
samheten planeras till en borjan péga i
tio ar. De forsta fem dren beriiknas sats-
ningen bli 100 miljoner kronor per dr.
Vattenfall skall sta for hiilften av dessa
pengar.

Statens energiverk har under aret pa
regeringens uppdrag utrett konsekven-
serna av en avveckling av tva kiirnkrafi-
block vid mitten av 1990-talet (den s k
2-reaktorutredningen). Energiverket
anser det inte uteslutet att bortfallet av
tva reaktorer (mellan 8 och 10 TWh) kan
klaras utan tillkomsten av nya produk-
tionsresurser varvid fOrutsdttes att
elenergiforbrukningen ej Overstiger
1987 ars nivd och att maximala effekt-
behovet visentligt sinks jamfort med
1987. Detta forviintas uppnds genom en
mattlig hojning av elpriset. Det betonas
emellertid att det ar viktigt att kraftin-
dustrin projekterar for kompensation av
kirnkraftbortfallet. Huvudalternativet
dr dirvid kolbaserade kraftverk. Vilket
som ir limpligast, kondenskraftverk
eller kraftviirmeverk, ger utredningen
inget svar pd. Ytterligare analys av
ekonomi och miljopaverkan maste forst
goras.

2-reaktorutredningen preciserar €j
vilka tvd kirnkraftblock som skall
stingas av forst. Man har utrett de
ekonomiska konsekvenserna av bortall
av ett antal olika kombinationer av de
dldsta blocken (Oskarshamn 1 och 2,
Barsebick 1 och 2, Ringhals 1 och 2)
samt hur bortfallet paverkar eltillforseln
regionalt.

Kraftindustrin avrdder i sina yit-
randen Over energiverkets utredning
fran att stiilla av ett par reaktorer redan
frdn mitten av 1990-talet om inga sidker-
hetsmiissiga skiil foreligger. Man ifraga-
sdatter bl a mot bakgrund av den faktiska
utvecklingen verkets beddmning av
mojligheterna_att hélla tillbaka elkon-
sumtionen. Aven om energiverkets
prognos visar sig riktig anser kraftin-
dustrin att nya kraftverk maésta byggas
som ersittning for de reaktorer som
avvecklas om inte en trygg elférsorjning
skall dventyras. Sambhillsekonomiska
och miljomissiga skdl talar for att
avvecklingen sker s nira dr 2010 som
mojligt. En tidigareldggning kan ocksé



leda till en personalsituation som inne-
bir forsdmrad driftsikerhet under de
tjugo ar som trots allt dterstir av kdrn-
kraftverksamheten.

Under dret har ytterligare ett antal
utredningar, som utgor led i forberedel-
serna for kdrnkraftavvecklingen, pabor-
jats resp slutforts.

Utredningen om el och inhemska
brinslen (ELIN) har avgivit sitt slut-
betinkande «Statistik och prognoser pa
energiomradet (SOU 1987:65).

Inom milj6- och energiomradet har
vidare betinkandet «Dammsiikerhet
och skydd mot dversvimningar (SOU
1987:32) utkommit.

Elanvindningsdelegationens betin-
kande «Elhushillningen pa 1990-talet»
(SOU 1987:68 och 69) har dverlimnats
till miljo- och energiministern. Dir
framhalls att elanvindare, eldistribu-
torer och kraftproducenter meraktivtin
hittills ska dgna sig it elhushallning som
ar lonsam for savil samhillet i stort som
for den enskilde. En sddan utveckling
skall frimjas bl a genom att man stiirker
incitamenten for elhushéllning och eler-
sittning hos anvidndarna och genom
stod till elsnal teknik och teknik for
ersiftning, exempelvis av direktver-
kande elvirme. Direkta insatser for
effektivare elanvindning i statsforvalt-
ningen foreslas ocksa.

Ett annat av delegationens forslag iir
att leverantorer av ledningsbunden
energi skall bli skyldiga att forhandlaom
tariffer och energihushéllningsatgirder
med sammanslutningar av abonnenter,
s k abonnentrad.

Regeringen har givit Statens rad for
byggnadsforskning i uppdrag att ta fram
ett forslag till framtida forsknings- och
utvecklingsinsatser inom omréidet
«effektiv elanviindning - effektiva bygg-
nader,

Statens energiverk har fatt i uppdrag
av regeringen att utarbeta en detaljerad
krisforsorjningsplan och ett handlings-
program for att stirka handlingsbered-
skapen inom energiomradet.

Den kalla vintern 1987 har foranlett
regeringen att ge Statens energiverk i
uppdrag att underséka vad som behover
goras [or att undvika extrema toppbe-
lastningar. Man utreder dven riskerna
for att en allmin energibrist skall
uppstd. Redovisning av laget i dessa
avseenden skall fortséttningsvis limnas
1 oktober varje 4r.

Regeringen skall viren 1988 i en ny
energipolitisk proposition redovisa mer
detaljerade planer for omstillningen av
energisystemet. Underlag for proposi-
tionen utgdr bl a elanviandningsdelega-
tionens forslag och 2-reaktorutredningen.

Bensinskatten och energiskatten pi
olja hojdes from 1juli 1987. Oljeskatten
hojdes med 50 kr/m” till 660 kr/m’. Av
hdjningen skall dock endast 20 kr belasta
konsumenterna. Bensinskatten steg
med 20 6re/1for blyfri bensin och 24 dre
for blyad bensin. Hérav skall 10 resp 14
ore fa sld igenom pa konsumentpri-
serna. Skattedifferensen mellan blyad
och blyfri bensin 6kade genom beslutet
frin 16 ore till 20 6re per liter.

Bensin och gasol for stadsgasfram-
stilllning ér i fortsdttningen skattefri.

Statens energiverk har pé regering-
ens uppdrag utrett anviindningen, efter
1987, av avkopplingsbara elpannor.
Verket foreslar fortsatt skattebefrielse
tills vidare samt borttagande av tidigare
foreskrivna karensdagar.

Regeringen har faststillt avgiften for
kirnavfall m m till 1,9 6re per kWh forel
levererad frin kidrnkraftverk 1987. Kirn-
brinslenimnden har foreslagit ofor-
dndrad avgift for 1988.

Elanvandningen

Den totala elforbrukningen i
Sverige, inklusive dverforingsforluster,
uppgick under 1987 till 138,0 TWh.
Jamfort med 1986 ir detta en dkning
med 9,0 TWh eller 7%. Mellan 1985 och
1986 sjonk forbrukningen med 1%.
Aren dessforinnan steg forbrukningen
med nirmare 10%.

Av den totala elférbrukningen
utgjordes 5,4 TWh(2,3 aretfore) avieve-
ranser till avkopplingsbara elpannor
(inkl beriknade overforingsforluster).
Den prima elférbrukningen inom
landet var saledes 132,6 TWh, vilket dr
5,9 TWheller4,6% hogre iin 1986. Mellan
1985 och 1986 steg forbrukningen
exklusive elpannor med 1%. Den kalla
vintern och den hdga produktionsvo-
lymen inom industrin forklarar den
hogre 6kningstakten under 1987.

Efter omrikning till normaltempe-
ratur och normalkonjunktur erhilles
foljande virden pd utvecklingen av den
prima elforbrukningen.

1984-85 + 6,5 TWh (+ 6%)
1985-86 + 3,5 TWh (+ 3%)
1986-87 + 5,0 TWh (+ 4%)

Industrins elanviindning uppgick
1987 till 50,8 TWh, vilket ir 3,1 TWh
eller 6% mer dn 1986. Mellan 1985 och
1986 sjonk industrins elanvindning
med 2%.

Av totala industrif6rbrukningen
utgjordes 1.4 TWh av leveranser till
avkopplingsbara elpannor. Exkluderas
dessa dr arsokningen 5%.

De branscher som procentuellt 6kat
sin elanvindning mest jamfort med
1986 ir livsmedelsindustrin och massa-

och pappersindustrin (c:a 10%). Aven
kemisk industri, verkstadsindustri och
jordvaruindustri har okat sin elanvind-
ning under 1987. Jiarn- och stilvaru-
industrin visar en ofordndrad nivi.

Jirn- och sparvigarnas elforbruk-
ning var i stort sett of6randrad jaimfort
med 1986, dvs 2,6 TWh.

Elférbrukningen inom sektorn
bostider, service, varmeverk m m
uppgick till 73,3 TWhvarav4,0 TWhvar
avkopplingsbar elpannekraft. Jimfort
med 1986 har totala forbrukningen
inom sektorn dkat med 5,2 TWh eller
8%. Elpanneleveranserna okade med
2,3 TWh.

Exporten under 1987 uppgick totalt
till 6,2 TWh, vilket dr 0,3 TWh mindre
dn dret innan. Kraftutbytet med grann-
linderna resulterade i ett exportover-
skott pd 4,0 TWh. Aven under 1986
exporterades mycket kraft. Overskottet
uppgick da till 4,6 TWh. Det iir den rika
vattensituationen i Sverige under
sommaren och hosten som har gjort att
stora méngder kraft kunnat exporteras.
Danmark har dirigenom ersatt fossil-
kraftprodukton. Mitt i sommaren
exporterade Sverige dessutom kraft till
Finland. Genom den relativt sett siimre
vattensituationen i Norge har Sverige
exporterat kraft dit under sommaren
och hosten.

Forbrukningens hogsta timvirde
under aret blev 26,2 GWh/h och intrif-
fade den 12 januari mellan kil 8 och 9.
Viirdet dr det hogsta som ndgonsin har
uppmiitts i landet. Den med héinsyn till
elbelastningens geografiska fordelning
viagda medeltemperaturen kl 7 denna
dag var -22,2°C vilket &r 17,5 grader
under normalvirdet.

Eltillforsel

Elproduktionen inom landet, med
avdrag for kraftverkens egenférbruk-
ning, uppgick under 1987 till totalt 142 0
TWh, vilket édr 8.4 TWh (6%) mer dn
1986. Vattenkraftproduktionen var 71.0
TWh, en okning med 11,2 TWh (19%)
jamfort med fjolarets relativt laga niva.
Normalarsproduktionen #r 62,5 TWh.

Magasinsfyllnadsgraden for samt-
liga regleringsmagasin var ca 71% vid
drets borjan, och ca 78% vid érets slut,
vilket motsvarar en lagrad energiméingd
av 26 TWh. Hogsta magasinsfyllnaden
uppndddes i mitten pd oktober och var
da ca 97%, vilket dr 17 procentenheter
over medianvirdet. Magasinen har
under hela andra halvéret legat pi en
niva som ir den hogsta pa 10 ar. Arstill-
rinningen Oversteg medelvirdet for
perioden 1950-1980 med hela 33%.
Virflodsvolymen var nagot storre dn



normalt, medan tillrinningen under som-
maren och hosten har varit extremt stor.

Kirnkraftverkens produktion under
1987 uppgick till 64,4 TWh. Minsk-
ningen med 2,5 TWh (4%) jimfort med
1986, beror panedregleringartill féljd av
den stora vattenmingden i &lvarna
under aret. Kiirnkraften svarade for45%
av landets totala elproduktion.

Ur driftsynpunkt var 1987 ett mycket
bra ar for svensk kirnkraft, lika bra som
1985 som dir det hittills biista dret. Sa gott
som alla uppstillda mal for produk-
tionsekonomi och sikerhet har Gvertraf-
fats. Mycket fa stora patvingade stopp
har stort driften. Energitillgiingligheten
var i medeltal 87%, vilket kan jaimfGras
med virldsgenomsnittet som var 70%
for lattvattenreaktorer. Det hogsta
virdet for de svenska reaktorerna note-
rade Forsmark 1 med 94%.

Mottrycksproduktionen uppgick till
6,0 TWh, vilketir(0,2 TWh(3%) ldgre én
under 1986. Produktionen i kondens-
verk, gasturbiner m m var 0,6 TWh
jamfort med 0,7 TWh éret {ore.

Fossilkraften utgjorde knappt 5% av
landets totala produktion 1987, vilket
innebir en oforandrad andel jamfort
med foregiende ar.

NORDEL

Foto: Bo Dahlin
Nyvutvecklad 400 kV ledningsstolpe. Ger ldgre
elektriskt och magnetisk: falt.

A new construction of 400 kV power line
rower.

Importen av elenergi uppgick under
1987 till 2,2 TWh. Aret innan 6verfordes
1,8 TWh elenergi frin grannlinderna.

Den installerade effekten i vatten-
kraftstationer Okade under 1987 med
224 MW. De storsta nytillskotten
utgjordes av Kymmen (55 MW) i
Norsilven, Vargfors (62 MW) i Skell-
efteiilven samt Porsi (95 MW) i
Luledlven.

Under dret har en effekthéjning med
24 MW genomforts for Forsmark 3. Vid
Oskarshamnsverket har effekten hijts
med sammanlagt 15 MW. Den totala
nettoeffekten i de svenska kirnkraft-
verken uppgick vid slutet av aret till
9675 MW,

Ett koleldat kraftvirmeverk i Halls-
berg har tagits i drift under aret. Virme-
verket har en eleffekt pi4d MW ochir det
forsta i en satsning pa sméaskalig virme-
kraftproduktion.
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1987

Stamndt och samkornings-
forbindelser

Den beslutade HVDC-linken mellan
Forsmark i Sverige och Raumo i
Finland, skall utféras med en ca 200 km
ling kabel och stromaterfring i vattnet.
Detta kommer att bli den ldngsta
HVDC-kabelstriackan i viarlden. Mirk-
data har satts till 400 kV och 500 MW,
dven detta hogre virden dn pa tidigare
likstromskablar. Linken dr tinkt aft
anvindas for bade fasta och tillfalliga
kraftutbyten mellan linderna.

Planerna pa att ersiitta fem av de sex
220 kV ledningarna med tvd 400 kV
ledningar har fort med sig en 6nskan om
att fa plats med en 400 kV ledning i en
kraftledningsgata for 220 kV och att
nedbringa den magnetiska filtstyrkan i
markplanet. Vattenfall har dérfor dels
utvecklat gamla stolptyper och dels
tagit fram en ny stolpe i vilken faserna ar
upphiingda i Triangelformation. Denna
nya sa kallade T-stolpe behover endast
24 m bred skogsgata jamfort med 40 m
som tidigare typer krivt, den symme-
triska upphingningen av faserna
medfor dessutom att filtstyrkan i mark-
planet reduceras.

Elpriserna

Vattenfall har en lopande kon-
traktstid for  hdogspédnningskunder
gillande fran 1984 till 1988 medan
Sydkraft under 1987 haft ettarsavtal. For
Vattenfalls kunder har hogspdnnings-
tarifferna under 1987 varit i stort sett
ofvrindrade jaimfort med 1986. Inom
Sydkraft var okningen 2,5%. Prisutveck-
lingen inom andra kraftforetag har varit
likartad. Inflationen under 1987 uppgick
till 5%.

Den1januari 1987 hgjdes Vattenfalls
lagspanningstariffer med 3%. Mot-
svarande hojning av Sydkraft var 3,5%.

Under 1987 var energiskatten pa el 5
ore per kWh for industrier. For ovriga
kunder ir elskatten 7,2 Oore per kWh
utom i vissa delar av norra Sverige dir
den ir 6,2 ore per kWh. For elenergi,
eldningsolja och fasta brinslen som
anvinds i viss industriell tillverkning
kan regeringen efter prévning frin fall
till fall medge nedsittning av energi-
skattentill1,7%av de tillverkade produk-
ternas forsdljningsvirde. Avkopplings-
bara leveranser till elpannor har dven
under 1987 varit befriade frin elskatt
under perioder dé elenergi inte produ-
cerats i oljeeldade kraftverk.
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Artikeln baseras pa studier som gjorts i
samarbete mellan Nordels driftutskott
och Nordels planeringsutskott. Den har
sammanstillts av

Paul-Frederik Bach, ELSAM

Sture Lindahl, Sydkraft

Anders Lof, Vattenfall

Lars Wiklund, Vattenfall

Bo Wrang, Vattenfall

Allmant

lanvindningen i de nordiska lind-
E ernavarierar betydligtunder aret,

veckan och dygnet. Arets belast-
ningstopp intraffar under dagtid en kall
vinterdag nir industrin gar for fullt och
nir ocksa uppviarmningsbehovet &r
storst. Da fordras det att vi har tillréicklig
kapacitet, d v s effekt, tillginglig for att
klara toppbelastningen, eftersom el
maéste produceras samtidigt som den
anviands. Vi maste dock ocksd kunna
ticka elbehovet under drets Gvriga tid,
vilket krdver tillricklig uthéllighet hos
elproduktionssystemet. Det  skall
siledes finnas tillrdckligt med energi i
form av vatten for att driva vattenkrafi-
stationerna och brinsle for att driva
virmekraftstationerna. Det dr dock inte
bara pa produktionssystemet utan ocksa
pd overforingssystemet, som vi maste
stiilla krav om tillricklig kapacitet och
tillgdinglighet.

Planeringen av ett elforsorjnings-
system borjar med prognoser for den
framtida elanvindningen. Fran det att
kraftforetaget tar beslut om en utbygg-
nad, fram till dess att den &ri drift, tar det
ling tid, ofta storleksordningen 10 ar
eller dnnu mer. Detta innebir, att det
krivs langsiktiga prognoser. Det ar
ocksa ett ofrankomligt faktum, att prog-
noser for den framtida elanvindningen
blir osdkrare ju lingre fram i tiden vi
forsoker att se.

Vid dimensioneringen av ett elfor-
sfrjningssystem maste vi beakta de fel,
som kan forvintas intriffa i de olika
anldggningar, som ingir i systemet.
Erfarenheten visar, att forr eller senare
drabbas allaanldggningsdelar av fel som
medfor, att de for lingre eller kortare tid
inte kan anvindas for att produceraeller
overfora el. Ett sddant fel benimnes i
den hér artikeln haveri. Vi stker dock
genom olika insatser att sd langt som
mdojligt begriinsa savil antalet haverier
som konsekvenserna av dem. For att sa
lingt som mojligt undvika leveransav-
brottvid haverieri produktionssystemet
erfordras en storre installerad effekt dn
elbehovet, d v s det kriivs en viss reserv-
kapacitet. Storleken pa denna kapacitet
bestims utifrin ekonomiska virde-

MORDEL 1967

ringar, aar kostnaderna for kapacitets-
oOkningen stills i relation till kostna-
derna for avbrott och leveransinskrink-
ningar i elforsorjningen.

I driftskedet bestims driftsdkerhet
och leveranssidkerhet av tillginglig
produktions- och dverforingskapacitet
samt aktuellt elbehov. Om det verkliga
elbehovet dr hogre dn vad som progno-
serats okar risken for driftstorningar och
ransonering, medan ett ligre elbehov
verkar i motsatt riktning. Risken for
storningar i elférsdrjningen okar ocksa,
om produktions-och nidtutbyggnaderna
forsenas gentemot planerna, nagot som
man numera rakar ut for allt oftare.

Bakgrund till Nordelstudierna

De ovanligt kalla periodernaiborjan
av 1985 och 1987 innebar stora pafrest-
ningar pa det samkorande Nordelsys-
temet. Tack vare mycket hog tillgdng-
lighet pid savil produktion som nit
klarade vi dock att uppritthilla elfor-
sorjningen, dven om det skedde med
sma reserver. Reserverna var dock till-
rickliga for att det samkorande Nordel-
systemet skulle ha klarat bortfall av en
enstaka produktionsenhet eller kraft-
ledning. Om ett dnnu allvarligare fel
intriffat, sd hade detta kunnat leda till
sammanbrott for stora delar av Nordel-
systemet och leveransinskrinkningar
under flera dygn.

Med det samkdrande Nordel-
systemet avses kraftstationer och
hogspinningsnit i Danmark, Fin-
land, Norge och Sverige. Dessa
linders nit dr hopkopplade via
samkorningsforbindelser och ir
dven enhetligt dimensionerade.
De kan betraktas som en elektriskt
integrerad enhet.

Island deltar i Nordel samar-
betet, men deltar pa grund av sitt
geografiska lige inte i samkor-
ningen.

Den totala energianvdndningen i
Norden har bromsats upp kraftigt.
Diremot giller for alla de nordiska
linderna att elanviindningen okar, och
detta trots att vi vidtagit kraftfulla
hushéllningsitgirder. Aktuella prog-
noser pekar ocksa pd, att elanvind-
ningen fortsatt kommer att 6ka. (Fragan
har bl a behandlats i Nordelrapporten
"Avvigning mellan el och annan
energi”, 1986). Orsaken till den okade
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elandelen i den totala energiférbruk-
ningen ir en omfattande konvertering
fran briinslen till el. I anvindarledet drel
attraktiv dirfor att den dr litt att reglera,
den ir miljovinlig och bekvim. Den dr
bekviimt tillginglig Gverallt och vid alla
tidpunkter och den behover inte lagras
hos anvindaren. Inom industrin géller
ocks4, att elbaserade processer ofta har
fordelar med hénsyn till produkt-
kvalitet, ravaruutnyttjiande och milj.

Den okande elanvindningen och
svarigheter att fa tillstind till nya kraft-
stationer och Overforingsledningar
innebir, att effekt- och energireserverna
i det samkorande Nordelsystemet
minskar. Hittills har det samkoérande
nordiska kraftsystemet varit energidi-
mensionerat, men erfarenheterna fran
kallperioderna 1985 och 1987 visar, att
effektbalansen bdrjar bli allt mer
anstringd. En orsak som bidrar till detta
iir storre virmelast som dr temperatur-
beroende. Likasa kan man konstatera,
att stora omraden (Norden och Visteu-
ropa) samtidigt kan drabbas av ldngvarig
kyla och dirav orsakade rekordtoppar i
elanvindningen.

Madjligheterna att ticka ett
elbehov forutsitter, att det alltid
finns tillgang till tillricklig effekt
(produktionskapacitet) och energi
(vatten och brinsle).

Nir en produktionsapparat
dimensionerats for att klara effekt-
behovet vid topplast, och energi-
behovet dérvid blir tillgodosett, s
sigs kraftsystemet vara effekt-
dimensionerat. Normalt ir detta
fallet for renodlade virmekraft-
system.

Nir en produktionsapparat
dimensionerats for att ticka
energibehovet, och effektbehovet
dirvid blir tillgodosett, si ségs
systemet vara  energidimen-
sionerat. Normalt dr detta fallet for
renodlade vattenkraftsystem.

Oftast dr produktionssystemen kom-
binationer av virme- och vattenkraftan-
laggningar. Vi brukar da hinfora dem till
effekt- eller energidimensionering bero-
ende pa vilken dimensioneringsprincip,
som dominerar. Inom det samkorande
Nordelsystemet dr Danmark effektdi-
mensionerat, medan Norge ir energidi-
mensionerat. Finland och Sverige befin-
ner sig i en mellanfas i det, att bide effekt-
balansen och energibalansen maste
beaktas vid planeringen av elsystemet.
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Figur 1. Uppdelning av Nordelsystemet i
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Elanvindning
och produktionsutbyggnader

Studier har gjorts for topplastforhil-
landen vintertid i borjan av dren 1985
och 1987 (verkliga viarden) samt 1990
och 1995 (prognoser). Dataunderlag for
studierna har tagits fram av kraftforetag i
respektive land och har sedan samman-
stéllts inom Nordel.

Det samkérande Nordelsystemet
och hopkopplingarna med elkraftsy-
stemet i Sovjetunionen och Visttysk-
land har i berdkningarna representerats
med den uppdelning i delomriden som
schematiskt visas i figur 1.

Begrinsningar i 6verforingskapaci-
teten pd samkorningsforbindelserna
mellan linderna har beaktats liksom
ocksd kapaciteten pd overforingsniitet
inom linderna. Sverige har varit
uppdelat i delsystem. For att studera
interna dverforingsbegriinsningar har i
nigra berikningar ocksia Norge varit
uppdelat i delsystem.

Eftersom elsystemet pa Sjiilland m fl
oOar inte ér direkt sammankopplat med
elsystemet pd Jylland och Fyn, redovisas
effektbalansen for Danmark uppdelad
pd ett delomrade Gster om Stora Biilt,
ELKRAFT, och ett delomrade viister

om Stora Bilt, ELSAM.

Det dagliga Nordelsamarbetet syftar
till att dstadkomma bista mojliga ut-
nyttjning av de tillgidngliga resurserna,
samtidigt som driftsikerheten i alla
delomriden hélls pd en acceptabel niva.
Detta medfor, att det alltid sker bety-
dande eltransporter mellan de nordiska
linderna. Transporterna utgérs dels av
kontrakterade utbyten, dels av tillfilliga
leveranser. Dessa sistnimnda beror ay
den for tillfdllet aktuella kraftsitua-
tionen.

Eftersom det inte gir att forutse stor-
leken pa de framtida tillfilliga kraftut-
bytena, har vi valt att séitta dem till noll.
I verkligheten kommer dock sidana
dven i framtiden att dga rum for att
minska produktionskostnaderna och
risken for leveransinskriinkningar.

Aven om det skulle vara tekniskt
mdojligt, sd gar det inte att ekonomiskt
motivera, att vi helteliminerar risken for
effektbrist. Varje land har faststillt
regler om vilken bristrisk som ir god-
tagbar med givna forutsiittningar och

som effektreserven dimensionerats
efter.
Detta sker med beaktande av

resultaten fran en Nordelstudie om
reserveffektdimensionering, som redo-
visades 1975. Denna studie resulterade i
en Nordelrekommendation till kraft-
foretagen i de nordiska linderna “att
vid reserveffektdimensioneringen till-
limpa ett totalekonomiskt betraktelse-
sitt, ddr kostnaden for ytterligare effekt
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och eventuella nya samkorningsforbin-
delser vigs mot kostnaden for icke
leverad energi pa grund av effektbrist.”

For de stadier som studerats, har
sammanstillts uppgifter for respektive
delsystem och for det samkorande
Nordelsystemet om elanvindning och
installerad  effekt. Studierna pa
stadierna 1985 och 1987 har gjorts for de
timmar nir det samkorande Nordelsys-
temets effektbelastning varit maximal.
Ar 1985 intriiffade detta den 18 februari
kl 08-09 och ar 1987 den 12 januari ki
08-09 (mellaneuropeisk tid). Det ir
timmedelvirden som redovisas. For
prognosstadierna 1990 och 1995 har
malséittningen varit att ta fram timme-
delvirden, som motsvarar forhillan-
dena vid extrem kyla. Det bor obser-
veras, att toppvirdet under timmen ir
hogre dn timmedelvirdet. Det anviinda
sattet att redovisa effektbalansen under-
skattar dirfor nagot de pafrestningar
som upptrader. Betriffande den instal-
lerade effekten har for de studerade
stadierna redovisats de verkliga virden
som gillde topplasttimmarna 1985 och
1987 samt prognoserade virden for 1990
och 1995.

Nar det giiller elanvindningen har
denna uppvisat en ritt kraftig 6knings-
takt mellan 1985 och 1987. For Nordel-
systemet. totalt ir skillnaden mellan
toppeffektvirdena den 18 februari 1985
och den 12 januari 1987 drygt 5% per ar.
Vi forutser en dimpad 6kningstakt for
utvecklingen av elanvindningen i frem-
tiden, sirskilt markant for perioden
1990-1995. Det ir genom kraftfulla
insatser i friga om elhushallning och
dven effektbesparingar genom info-
rande av tidstariffer som vi hoppas pa att
kunna begriinsa 6kningstakten i elan-
viindning. Vi maste dock vara medvetna
om, att den spareffekt vi forviintar at
uppnd kan kullkastas helt genom kraf-
tiga oljeprishdjningar, som dterigen styr
over en okande andel av energianvind-
ningen till elsektorn. Utfallet av elprog-
noserna dr ocksd starkt beroende av
konjunktur- och industriutvecklingen.

Den installerade effekten okade
mellan topplasttimmarna 1985 och 1987
med drygt 3,5% per 4r, alltsd lingsam-
mare dn elanvindningen. Detta ir en
trend i utvecklingen som vi riiknar med
kommer att fortsdtta ocksd de nirmaste
dren. Diremot synes det for perioden
1990-1995 finnas visst hopp om att
installerad effekt skall kunna 6ka nigot
snabbare dn elanvindningen.

Av det insamlade och samman-
stillda materialet kan vi rikna fram
att for Nordel som helhet giller for
perioden 1985-1990 att 6kningstakten i



elanvindningen dr i genomsnitt 3,8%
per ir, medan den installerade effekten
bara 6kar med i genomsnitt 2,3% perar.
Prognoserna for perioden 1990-1995
ger hopp om en forbittring eftersom
den installerade effekten da forutsitts
oka med 1,3% per ar, medan vi riknat
med att insatser for elhushillning skall
kunna reducera okningen i elanvind-
ningen till i genomsnitt 1,0% per ir.

Om vi ser pa hela perioden 1985-
1995 minskar dnda reserven, eftersom
okningstakten i elanvindningen dr 2,4%
per ar jamfort med 1,8% per ar for den
installerade effekten.

Det maste dock med kraft understry-
kas att det for prognosstadierna giller
storaosdkerheter om utvecklingen bade
ndr det giiller elanviindning och instal-
lerad effekt. Sma dndringar gentemot de
gjorda forutsittningarna kan innebiira
stora konsekvenser for effektbalansen
och speciellt effektreserven.

%
per ar
1985 - 1990 1990 - 1995
4
3
2
1
L]
Bl Inst. El- Inst.
anviéndning effekt anvindning effekt

Figur 2. Forviintad procentuell Gkning i elanviind-
ning och installerad effekt.

De produktions- och nitutbygg-
nader, som kan komma i drift under de
nidrmaste dren dr redan under arbete,
och ndgra ytterligare kan ¢j bli genom-
forda. Ej heller kan vi dstadkomma
nagra visentliga spareffekterutéver, vad
som redan forutsatts i planeringen.

Ovanstaende understryker hur
viktigt det ir att vi gor allt for att
uppfylla méalen for perioden 1990-
1995, sdvil nir det giller produk-
tions- och nitutbyggnader, som
ndr det giller atgirder for elhus-
hallning.

Effektbalanser

En principiell beskrivning av en
effektbalans gors i figur 3. Den vinstra
stapeln askadliggdr installerad effekt
och den del av denna, som av olika
orsaker kan vara otillganglig for att tiicka
elefterfrigan. Den hogra stapeln dskid-
liggor elanvindningen och den del av
efterfragan, som kan tickas med olika
grad av sakerhet, eller som av olika skl
inte kan tickas.
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Av den installerade effekten dr en
viss del otillgiinglig eller drabbad av
haverier. I driftskedet krivs vidare en
viss minsta momentant tillginglig res-
erv i produktionssystemet for att téicka
tilifdlliga variationer i elanvandningen
och utgdra en gardering for, att inte

MW
LS installerad  Elanvénd-
effekt ning
Otiliganglig
effekt
Kan ej
levereras
Haverier
Momentan
reserv
Kan lev.
med
Reserv ‘ minskande
sakerhet
Produktion Mbjl. elan—
vid fast- viindn. vid
s‘@lld brist - faststalld
ﬁhmk _______ | p— bristrisk
FSSS=—] s

Figur 3. Principiell beskrivning av effektbalans.

nista stérning skall leda till leverans-
avbrott i elférsérjningen. Férutom den
nodvindiga produktionen for att ticka
den aktuella elanvindningen kriivs en
viss ytterligare reserv for att klara sanno-
lika hidndelser. 1 de studerade stadier,
som avser intriffade driftfall, har detta
varit en reserv, som funnits tillginglig
for att klara ytterligare haverier. For
prognosstadierna utgdér denna reserv
ocksd enmarginal for att ticka osdkerhet

OTILLGANGLIG 18 feb
EFFEKT, MW 1985
BEGRANSNINGAR,

exkl ndtbegransningar och haverier
ELKRAFT 200
ELSAM 712
Finland 1483
Norge 1850
Sverige 2852
Nordel totalt 7097
NATBEGRANSNINGAR

Norge 0
Sverige 654
TOTALT

exkl haverier 7751
HAVERIER

Vattenkraft 898
Viirmekraft 664
SUMMA

otillginglig effekt 9313

* Viinteviirde pa haverier

Figur 4. Redovisning av otillgiinglig effekt.
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i den prognoserade elanvindningen.
Detta markeras i figuren som reserv.

Forintriaffade driftfall har de verkliga
haverierna redovisats. For prognossta-
dierna kan vi ddremot inte forutsiga
vilken produktion, som kommer att
drabbas av haverier. Diremot kan vi
med ledning av tidigare drifterfaren-
heter beriikna ett vintevirde, pa bort-
fallen effekt. Det dr detta vintevirde,
som beriknats och redovisas.

I de aktuella driftfallen har dverfo-
ringsnéitet varit i stort sett intakt. For
prognosstadierna fOrutsiitts intakt nat.
Avbrott i 6verforingsnétet dr dock nigot,
som madste beaktas, och som kan
begrinsa reserven.

- Det kan finnas situationer med
effektbrist i ett delsystem trots att
det finns effektreserv i ett annat.
Orsaken dr da begrinsad Overfo-
ringskapacitet pa kraftniitet. Detta
dr exempelvis fallet frin vatten-
kraftomridena i norra Sverige och
véstra Norge mot de stora anviind-
ningsomradena, liksom for vissa
forbindelser mellan linderna.

I ett system med den stora geogra-
fiska utstrickning som det nordiska, blir
overforingskapaciteten forhillandevis
dyrbar. Detta innebir, att den optimala
balansen mellan tillgang till ny effekt
och nya ledningar méste bestimmas
utifrdn ekonomiska kriterier. Det kan
siledes, av ekonomiska orsaker, uppsta

12 jan prognos prognos
1987 1990 1995
402 200 300
617 400 750
1483 1400 1200
3080 2350 3600
2915 1900 1600
8497 6250 7450
700 0 0
1282 1600 800
10479 7850 8250
732 400* T00*
1403 2800* 2950*
12614 11050 11900



begrinsningar i Overforingskapacitet
mellan olika omraden.
hg figur 4 redovisas en tabell med 3
erhillna viarden pa verklig respektive
prognoserad otillginglig effekt. MW x10
Utdver haverier ér 8000-10000 MW A
av den inom Nordelsystemet installe-
rade effekten inte tillginglig. Detta kan
forefalla vara hoga siffror, men efter | QQ —
ndarmare analys kan konstateras, att det

ir tdmligen mattiga belopp for ett si B 1995
stort system som det samkorande
Nordelsystemet. Till en betydande del 8.2

kan beloppen inte undvikas. B

For vattenkraften kan det exem-
pelvis bero pa, att vi av hiinsyn till natur
och miljo fastlagt vissa villkor for vatten- '
foringar och vattenstdnd. Dessa restrik- 1990
tioner gor det omajligt, att under topp- =
last utnyttja den installerade kapaci-
teten fullt ut. Under vinterperioden 80 -
begrinsas produktionsmojligheterna
ytterligare av is och kold.

For virmekraften har viavbemannat
vissa dldre oljeeldade anliggningar, som
inte uppfyller dagens krav pa milj6 och 2
hushdallning med importerade briinslen.
En annan orsak ir, att for vissa anligg-
ningar med kombinerad el- och virme-
produktion blir elproduktionsférmagan
visentligt reducerad, nir virmebehovet ~
ar stort, Vidare finns i industrin en bety-
dande mottryckskapacitet, som numera 704
inte kan utnyttjas fullt ut, pd grund av
dndrade processer som reducerat
virmebehovet. =

Resultatet av studierna for de olika
stadierna redovisas i form av stapel- -
diagram i figur 5. De viirden som redovi-
sats giller for det totala systemet vid en
given tidpunkt. Det giller genom-
gdende att den storsta delen av reserven
ar lokaliserad till Norge och norra E r
Sverige, alltsa till vattenkraftomradena. ‘ iy T
Endast en mindre del ir lokaliserad till | g | ‘ il [ ]otiligangl.
de virmekraftdominerade delarna av | '

i e | ] . B Haverier
%g;?n gﬁﬁ}f{gﬁ]&gﬂfﬁﬂ vattenkraft- till i . -Mom. resory
N Reserv
] I Elanvéndn.
0 {_ 1| 1|
< Verkligt™ ~<— Prognos ———>

=98 =
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Figur 5. Effektbalanser for det samkirande
Nordelsystemet.

Tillginglig effekt inkluderar
ocksi fasta kraftavtal med Sovjetunionen och
Visttyskland.

Begreppsforklaringar:
Oftillgiingl. = Otillginglig effekt exkl

haverier.

Haverier = Otillginglig effekt pa
grund av haverier (intréiffade stadier)
respektive vintevirde pd haverier
(prognosstadier).

Mom. reserv = Krav pa reserveffekt
som skall finnas momentant till-
ginglig for att tiacka plotsliga stor-
ningar, och plotsliga forindringar i
elefterfragan.

Reserv = Summerad reserveffekt
som i de intriffade stadierna funnits
tillgdinglig for att klara ytterligare
haverier. For prognosstadierna utgor
denna reserv ocksd en marginal for
annat ofGrutsett, exempelvis osiiker-
het i den prognoserade elanvind-
ningen. Observera att beroende pd
nitbegrinsningar si ér storre delen
av denna effekt inte tillganglig i ett
enskilt delsystem.

Elanviindn. = Verklig respektive
prognoserad elanviinding (timme-
delvirde) exkl avkopplingsbar kraft
till elpannor etc.

Storleken pad den som «Reserv»
(se  begreppsforklaringen ovan)
redovisade effekten &r direkt
beroende av haveriernas storlek,
dverensstimmelsen mellan verkligt
och prognoserat utfall av elanvind-
ningen etc. I figur 6 har redovisats
den summerade effektreserven i
procent av elanvindningen.

1985 1987
= Verkligt =

1990

-<—— Prognos ———»

Figur 6. Summerad effektreserv i procent av
elanvindningen.*).

*) Det bér observeras atl utéver den i prognos-
stadierna markerade osiikerheten i haveriernas
storlek sa finns ocksd andra osiikerheter, exem-
pelvis i den prognoserade elanvindningen.

Begransad risk for energibrist

Allmdnt om energibalanser

Det iir forst under senare ir, som det
har blivit en nodvindighet, att beakta
effektbalanssituationen da vi ser pa det
samkorande Nordelsystemet ur leve-
ranssikerhetssynpunkt. Tidigare har
leveranssikerheten visentligen bestimts
av tillgangen pd energi. Detta forklaras av
den dnnu mera dominerande stillning,
som vattenkraften tidigare hafti systemet.

Fortfarande giller dock, att vatten-
kraftandelen i Nordelsystemet ir betyd-
ande och ddrmed ocksd vikten av att
beakta energibalansen. Den vid slutet
av dr 1987 totaltinstallerade vattenkraft-
effekten i det samkoérande systemet
uppgick till ca 43900 MW, vilket mot-
svarar 55% av den totalt installerade
effekten. Uppenbart dr det mycket
viktigt att vi beaktar variationerna i till-
rinning mellan olika 4r. Vattenkraftens
produktionsforméga under ett medel-
vattendr dr ca 180 TWh (=miljarder
kWh). Under ett extremt vatir, vilket
definieras som det nederbérdsrikaste
aret i en 30-arsserie, kan tillrinningen
vara ca 25% hogre dn medeliret. Under
ett exceptionellt torrdr kan den vara ca
25% ldgre. Denna variation i tilrinning
resulterar i en stor variation i vatten-
kraft produktionen mellan olika ar.
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Vattenkraftens adrsproduktion
kan varieramed ca 75 TWh frin ett
ar till ett annat. Denna variation dr
av samma storleksordning som
Danmarks och Finlands nuva-
rande elenergianvindning,

Liksom for eleffekt sa giiller ocksé for
elenergi, att en viss del av den teoretiskt
tillgiingliga energin av olika orsaker inte
alltid dr disponibel. Den teoretiskt till-
gingliga energin forutsitter bla.
maximal produktion i alla virmekraft-
verk som inte dr havererade eller
avstillda for revision. Detta dr dock en
omdjlighet, eftersom elproduktionen
vid varje dgonblick maste anpassas til
efterfragan. Under sommarhalviret och
under natt- och helgtid kan dirfor
virmekraftkapaciteten inte utnyttjas
fullt ut. Den majliga maximala energi-
produktionen blir darfor visentligt ligre
dn den teoretiskt tilgingliga energin.
Nir det giller vattenkraft, s har vi i
vattenmagasinen en mdojlighet att flytta
dver energiproduktion mellan olika
tider pa dygnet, veckan och dven dret.
Vissa vattenmagasin (flerirsmagasin)
kan ocksd utnyttjas for overflyttning
mellan olika dr och har dirvid en sérskilt
stor betydelse nir de utnyttjas for att ka
vattenkraftproduktionen under torrir,

Elenergibalanser har tagits fram for
stadierna 1990 och 1995. For virme-
kraften har produktionsférmégan be-
riknats med beaktande av risken for
haverier. For vattenkraften har stude-
rats sdvil medelvattenidr som extremt
vatir respektive extremt torrar.



Stadium 1990

Resultatet for det samkorande
Nordelsystemet visas i figur 7. Utover
energiproduktionsformagan for de tre
studerade typdren visas ocksd progno-
serad elenergianvindning exkl leve-
ranser till avkopplingsbara elpannor.

 Teoreliskt
maximal produktion

Vatar

Medel-
vatten-

Torrar

E

El=
anvand -~

350 bl

Fossileldad kraft

300 4

Fossileldad kraft

Fossileldad kraft

250 -
200
150 -
1001

50 -

Figur 7. Stadium 1990. Elenergibalans for det
samkorande Nordelsystemet.

For medelvattendret dr den prima
elanvindningen i Nordelsystemet ca 60
TWh lédgre dn den teoretiskt maximala
produktionen. Utdver den prima elan-
viandningen sker ca 5 TWh leveranser
till elpannor. Resterande marginal
i energiproduktionsformiga ar till
storsta delen oljebaserad produktion i
Danmark och Sverige.

For vataret okar det teoretiska dver-
skottet med ca 40 TWh, som till viss del
kananvindas for att minska den fossilel-
dade produktionen och till viss del till att
fylla upp vattenkraftens flerarsmagasin.

Ett vattenrikt ar innebir si stor
vattenkraftproduktion att produktionen
i viarmekraftverken blir betydligt be-
grinsad under sommarhalvaret. Vatten-
kraftproduktionen blir ocksa ligre in
summa tillrinning, eftersom vatten-
kraftstationerna normalt inte  ar
utbyggda for de storsta tillrinningarna.
Genom begrinsad magasinkapacitet

och/eller hog tillrinning mellan lang-
tidsmagasin och kraftstation uppstar da
som regel spill.

Torraret dr det mest interessanta
typaret med ett betydande produktions-
underskott i det vattenkraftbaserade
norska kraftsystemet. Det torde knap-
past vara mojligt att tdcka det upp-
tridande underskottet med import frin
grannlinderna, dven om det dir finns
outnyttjad virmekraft. Under sommar-
halviaret skulle import till Norge
begrinsas av att belastningen dér 4r sa
ldg, att den i stort sett ticks av minimum
produktion i vattenkraft. Under vinter-
halvéret skulle importen begrinsas av
tillgéinglig kapacitet pd samkorningsfor-
bindelserna.

Trots tillrdckliga energitillgingar i
Nordelsystemet totalt kan svira
torrérssituationer leda till leve-
ransinskrinkningar i Norge.
Orsaker hartill 4r att elanvind-
ningen i Norge under sommar-
halvdret i stort sett tiicks av mini-
miproduktionen i vattenkraft och
att importmojligheterna under
vinterhalvaret begrinsas av Gver-
foringskapaciteten pd samkor-
ningsforbindelserna.

Stadium 1995

Resultatet av energibalansstudierna
for stadium 1995 Gverensstimmer
mycket niira med resultaten for stadium
1990. Genom hégre elanvindning blir
dock den teoretiska energimarginalen
ca 10 TWh mindre. For medelvattenaret
innebir det, att elanvindningen ér ca 50
TWh ligre dn den mdjliga produk-
tionen. Liksom [or stadium 1990 Gkar
detta teoretiska overskott med ca 40
TWh for vitaret. For torraret finns for
det samkdrande Nordelsystemet totalt
ca 20 TWh storre teoretisk produktions-
kapacitet d&n den prognoserade elan-
vindningen. Liksom for stadium 1990
begrinsas importmdéjligheterna  till
Norge under sommarhalvdret av att
belastningen i stort sett tacks av mini-
miproduktionen i vattenkraft, medan
samkorningsforbindelsernas kapacitet
begriinsar importmdjligheterna vinter-
tid. For Norge miste vi dédrfor rikna
med  leveransinskrinkningar  vid
extrema torrir.

Slutsatser

De genomforda studierna indikerar
att for storra delen av Nordelsystemet ir
det liten risk for energibrist. I Norge
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foreligger risk for leveransinskriank-

ningar under extrema torrar.

Nir det giller effektsituationen
pekar studierna pa krympande margi-
naler mellan tillginglig produktionska-
pacitet och anvindningsnivi. For
perioden 1985-1990 o&kar elanvind-
ningen snabbare in tillskotten i pro-
duktionskapacitet. For perioden 1990-
1995 kan en viss forbittring av effekt-
balansen skonjas, dock ej av sidan
omfattning attvifor hela perioden1985-
1995 uppnar en forbittrad effektbalans.
Det dr ocksa viktigt att observera, att
forbittringen 1990-1995 forutsitter
- att vi lyckas na de resultat, som vi

hoppas pa genom elhushéllnings-
insatser,

- att vi, utan forseningar, kan genom -
fora de produktionsutbyggnader som
forutsatts.

I artikeln har pdpekats, att bade
effekt- och energibalanssituationen
paverkas av kapaciteten pd samkor-
ningsforbindelser och interna dver-
foringsniit. Det giller dock olika f6rut-
siattningar for att bestimma behovet av
nitkapacitet foreffekt respektive energi.
For effekt méaste nidtkapaciteten finnas
momentant tillginglig niir effekttoppen
intrdffar. For energi ddremot har man
kortare eller lingre tid pa sig for att Gver-
fora energikvantiteten.

De dkade effektproblemen indikerar
néigot nytt for det samkorande Nordel-
systemet. For att méta den nya situa-
tionen samlar vi data och har utvecklat
metoder for mera detaljerade analyser
av effektbalansen. Mélsdttningen ir, att
vi i driftsituationen skall sdkra bista
mojliga utnyttjning av resurserna.
Detaljerade effektbalansstudier gors
fore topplastperioden varje vinter.
Arbete kommer ocksd att sittas iging
om vilka atgirder, som dr tekniskt
genomforbara och som kan motiveras
ekonomiskt, nér det giller att minska
beloppen oftillgéinglig effekt. Siddana
studier kommer ocksé att goras betrif-
fande nitutbyggnader.
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ordel, founded in 1963, is an
N association for people active in

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

Nordel has the following permanent
tasks:

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

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

- to publishanannual report containing
information about work completed
during the year within Nordel, infor-
mation about power supply in the
Nordic countries, special articles and
statistics.
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A considerable amount of Nordel’s
work takes place in standing and special
committees. The committees include
specialists from various fields 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.
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conomic growth in industrialized
E countries in Western Europe was

somewhat more vigorous this
year. The growth in gross domestic
product was on average 2-2'/:%. The
rate of inflation is still low in the OECD,
3.1% in 1987. The number of unem-
ployed was high, amounting to 9-10% of
the total work force.

The economic trend in the Nordic
countries was very differentin 1987. The
growth in gross domestic product varied
greatly. There was a rapid economic up-
turn inIceland, where the GDP went up
by 6.6%. In Finland the growth was
3.5%, while Sweden and Norway had a
weaker economic trend and the GDP
went up by 2.3 and 2.0% respectively. In
Denmark the GDP went down by 0.7%
after many years of growth. Iceland this
year alsoreported a very high increase in
the consumer price index with 24.4%.
There was a high increase in Norway too
with 8.7%. In Sweden the price index
increased 5.2% while Finland and
Denmark had the lowest increase with
3.7 and 4% respectively. Denmark had
the highest unemployment rate, 8.5%,
while it was somewhat less in Finland,
5.2%. The unemployment rate was low
inSweden, Norway and Iceland, varying
from 0.6 to 1.6%. In short, the inflation
rate is somewhat higherand the number
of unemployed lower than the OECD
average.

Total  electricity consumption
increased by 4.4% in 1987 compared
with the previous year. The gross
consumption was321.7 TWh, excluding
10.4 TWh power delivered to electric
boilers. The consumption increased in
all Nordic countries. Finland had the
greatest increase with 6.7%. Sweden’s
consumption increased by 4.6%,
Denmark’s by 4.4%, Norway’s by 3.0%
and Iceland had the lowestincrease with
2.5%. Sweden reported the greatest
electricity consumption, 132.6 TWHh.
Norway had 99.0 TWh, Finland 56.1
TWh, Denmark 29.9 TWh and Iceland
had 4.0 TWh electricity consumption.

Hydro power, the base of the Nordel
electricity production, amounted to
192.2 TWh, covering 58.7% of the total
production, which was 327.5 TWh in
1987. Norway is the greatest producer of
hydro power with 103.8 TWh. Sweden
produced 71.0 TWh, Finland 13.5 TWh
and Iceland 3.9 TWh of hydro power.
Denmark has a negligible quantity of
hydro power. Nuclear power, which also
plays an important role in the Nordic
countries, amounted to 83.0 TWh,

Finland 18.5 TWh nuclear power. Other
thermal power, which is mainly pro-
duced in Denmark, Finland and Sweden,
amounted to 52.1 TWh, accounting for
15.8% of production. The proportion of
coal in electricity generation remained
large, while the proportion of oil is still
minimal.

Power exchange between the coun-
tries did not increase considerably from
the previous year, and amounted to 9.7
TWh. Power exchange accounted for
only 3.0% of total production. Denmark
was the greatest importer with 4.0 TWh
and Sweden exported the most, 6.2
TWh. Denmark was also the greatest net
importer with 3.6 TWh and Sweden the
greatest net exporter with 4.0 TWh.
Finland’s net imports within Nordel
were 0.9 TWh. Norway had anetexport,
0.5 TWh. Finland also imported 4.7
TWh from the Soviet Union. Denmark
exported 0.3 TWhand imported 0.1 TWh
from the Federal Republic of Germany.
On the whole, when the large imports
from the Soviet Union are taken into
consideration, Nordel is a net importer.

. Nordel . leeland

' Denmark - Norway

i Finlund ! Sweden
Outside Nordel

Import

Annual change in consump-

: 0 . Gross consumption in TWh
representing 25.3% of the total produc Hom excd clociic botlins

tion. Sweden produced 64.6 TWh and | ¢%¢l electric boilers

Total eksport and import
in TWh
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Norael's Act

ordel held its Annual Meeting

in Aalborg on 27 August, 1987.

The meeting dealt with the
annual report for 1986, the present
power situation in the Nordic countries
and the output balances for the next
three years. A study of the development
in output balances within the Nordel
system was submitted. The Operations,
Planning and Thermal Power Commit-
tees reported on the operations of the
past year and put forward their plans for
the coming year. The operations of the
Committees and of the contact persons
was discussed, and there was a report
from the international contacts.

At the annual meeting Rolf Wieds-
wang from Norway was elected
Chairman and Henning Buhl from
Denmark was elected Deputy chairman
for the three-year period to 1990.
Sigmund Larsen from Norway and Jan-
Erik Ryman from Sweden stood down
from active service and therefore from
Nordel. Erling Diesen from Norway and
Claes Lindroth from Sweden were
elected as new members.

The chairmanship of the Planning
Committee was moved in accordance
with the rules of rotation from Norway
to Denmark. Jon Tveit stood down and
Paul-Frederik Bach was elected
Chairman of the Planning Committee.

Representatives from Nordel met
with the official committee for energy
policy of the Nordic Council of Minis-
ters on December 8, 1987 in Helsinki as
a part of the cooperation between
Nordel and the energy authorities.
Within this cooperation there is a
mutual exchange of information and
discussion of current energy questions.

Nordel held a meeting for the chair-
men and secretaries on February 26,
1987 in Helsinki where the activities of
the committees and the secretariat were
discussed.

Operations Committee

As in previous years, the Committee
has dealt with matters concerning joint
operations, such as the power balance
situation in the Nordic countries, power
exchanges between the countries,
operational reliability, technical aspects
of operations and disturbances in the
Nordic power system. Power and
energy balances have been prepared for
the next three years in order to evaluate
the power situation during this period.

The electricity consumption increase
in the Nordic countries was between 2-
4% except for Finland where the increase
was 6%. The cold summer of 1987 has
caused part of the consumption increase.
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The inflows before the spring flood
were somewhat below normal. The
spring flood started at normal time of the
year and was due to the cold weather
moderate and of normal volume. Due to
heavy rainfalls in Sweden and Finland
during the summer and autumn the
inflows became extremely big. In
Norway however the situation was quite
different with inflows slightly below the
normal which was a unique relation
between the inflows in the different
countries.
Atthe end of the year the reservoires
in Sweden and Finland were filled to
very high levelswhileinNorway the reser-
voirs were filled to about average level.
The nuclear power generation has
functioned very well in 1987. The avail-
ability of the nuclear generation has
been very high and the yearly overhaul
program has been completed according
to schedules.
Because of very big inflows to the
hydro power plants the possible nuclear
power generation has been reduced by 3
TWh mainly in Sweden. Also a small
amount of water was wasted through the
spillways in Sweden and Finland.
The market price of coal has de-
creased to a low level due to the lowered
rate of the US dollar. The market price of
oil has been relatively stable during the
year.
Power exchanges during the first
part of the year were very small due to
small differences in marginal costs of
generation in the different countries.
Hereby Sweden and Jutland imported
power from Norway during the cold
periods of the winter. During the
summer and the autumn Sweden has,
due to the very big inflows, exported
power to all three neighbouring coun-
tries and in especially big quantities to
Denmark. Towards the end of the year
the power exchanges have again been
very small.
The Operations Committee has
partly in cooperation with the Planning
Committee finished an analysis of the
power balance situation in the Nordel
system. The real power balances during
the cold snaps of 1985 and 1987 have
been recorded and analyzed as well as a
forecasted power balance for 1990.
Based upon these analysis the following
conclusions are made
- the capacity margins in the Nordel
system are decreasing while the
consumption increase is faster than
the added new generation capacity

- a significant amount of generation
capacity is not available due to various
reasons



- certain generation capacity is not avai-
lable to consumption areas due to
limitations in the transmission net-
work capacity.

Power and energy balances for the
Nordel system have been prepared for
the nextthree yearsand indicate that the
situation during this period is fairly
good. However as the power balance
situation will be successively more
critical the Operations Committee has
decided that the power balance analysis
for the next three years shall be
presented in a more detailed manner.

A detailed power balance for the
winter period 1987/88 has been set up
and analyzed by the Operations
Committee. The conclusions are satis-
factory which means that each analyzed
subsystem has an acceptable operation
reserve (considering reserves situated
within the subsystem and possibilities
to import reserves from neighbouring
subsystems).

Asaconsequence ofthe successively
more critical power balance the Opera-
tions Committee has started an investi-
gation aiming at a more complete and
detailed specification of the require-
ments for operation reserve primarily in
situations where shortages of reserves
can be expected.

The working group for system
matters, NOSY, has performed tech-
nical studies concerning the operation
ofthe Nordel system. Following matters
have been dealt with during 1987:

- Specification of current transmission
capacity limits for the interconnecting
links,

- Adjustments of governor controls in
order to reduce the risk for power
system oscillations.

- Investigation of the response to con-
trol signals of the different kinds of
generating units in the power system.

- Follow up of the Nordel recommen-
dation for coordination of the
schemes for load shedding in Nordic
countries.

- Participation in the review and up-
dating of the Nordel rules for design of
the Nordel power network which is
conducted by the Planning Com-
mittee.

In September 1987 the Operations
Committee held a joint meeting with its
continental counterpart, UCPTE, in
Helsinki. Valuable information was
exchanged concerning the current
power situation, operational expe-
riences, technical problems and
methods for power system analysis. The
nextmeetingisscheduled for April 1989
in the Netherlands.

Planning Committee

The task of the Planning Committee
is to follow developments in the capaci-

ties of the interconnecting links
between the countries, and to suggest
suitable changes to these capacities,
with due allowance for the time neces-
sary for implementing such changes. A
report containing proposals for the
transmission capacities on the intercon-
necting links at the 1995 stage was
submitted to the 1987 Nordel Annual
Meeting. Nordel approved the
proposal, which involves the following.

Taking into account the expansion
plans for the generation and transmis-
sion systems and the appropriate design
rules in each Nordel country, the trans-
mission capacities recommended by
Nordel for the 1995 stage are as follows:

MW

2500
2500

5002)
5002

1600
1300

From To

Northern Sweden Northern Norway
Northern Norway Northern Sweden

Central Norway
Central Sweden

Southern Norway
Southern Sweden

Finland 14003
Sweden 120034

Sweden Denmark, Zealand 700%
Denmark, Zealand Sweden 1100%

Sweden Denmark, Jutland 6008
Denmark, Jutland Sweden 6008

Southern Norway Denmark, Jutland 510
Denmark, Jutland Southern Norway 510

Finland 1507
Norway 1507

Central Sweden
Central Norway

Southern Sweden
Southern Norway

Sweden
Finland

Norway
Finland

1) Comprises the 400 kV Ritsem-Ofoten link
and the 132 kV Tornechamn-Rombak link. The
400 kV link basically has relatively high capa-
city, although studies indicate that the inter-
change should be restricted for operational
reasons.

2) Comprises the 300 kV Jirpstrommen-Nea
link and the 220 kV Ajaure-N, Ressédga link.
The value is applicable under favourable
generation and loading conditions. The Tron-
delag-@stlandet transmission line in Norway
and the section at 61°N in Sweden are particu-
larly important.

3) The interconnection consists of the AC links
in the north and the new 420 MW HVDC Fen-
noskan link.

4) The capacity on the AC links can sometimes
(mainly during peak-load periods) be limited
by the transmission opportunities available on
the Swedish grid. However, this places no
practical restrictions on Finland’s opportuni-
ties for exporting to Sweden.

5) The transmission capacity may often be hig-
her. It is dependent on the generation situa-
tion and the operating conditions at any parti-
cular time,

6) The value of 600 MW presupposes that the
Kontiskan 1 link is still in operation.

7) The value of 150 MW presupposes that the 220
kV link in Finland is extended right up to Pirt-
tikoski.
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In addition to the recommended
transmission capacities as outlined
above, proposals are also submitted
concerning certain measures that
should be adopted in individual coun-
tries.

A decision has been made to revise
the Nordel grid design rules, and an ad
hoc group has been appointed for this
work. The current rules have been
adopted by Nordel in 1972. They have
since remained unaltered, even though
the structure and size of the Nordic
system have altered substantially since
then. The revision work is expected to
take a couple of years.

The work programme of the Grid
Group involves a certain amount of
supplementary work for the 1995 stage.
Work will then be started on grid studies
for the stage at the turn of the century.
The Grid Group is also expected to
submit information for the measures
proposed in the above recommenda-
tions for the individual countries.

Using the power balance models
developed, the Generation Group has
studied the generation and interconnec-
tion conditions for the Nordel system at
the 1995 stage. The Generation Group
has also contributed information for the
studies carried out by the Grid Group
for the transmission capacities on the
interconnecting links at the 1995 stage.
Some supplementary studies for the
1995 stage remain to be done. The
Generation Group will then start work
on studies for a stage around the turn of
the century.

The Operations and Planning
Committees have cooperated in
studying the development in the power
and energy balances in the Nordel
system up to the 1995 stage. A
summarising conclusion is that the
power reserve in the Nordel system has
dropped substantially in recent years,
and this trend will probably continue.
This is discussed in more detail in a
special article in this Annual Report
concerning the power balance situation
in the Nordel system. This article has
been produced in cooperation between
the Operations and Planning Commit-
tees.

Due to the growing uncertainty in
recent years in the field of energy, power
utilities have based their planning on
increasingly uncertain fundamental
conditions. However, expansions in the
power system should lead, as far as
possible, to a technically and economi-
cally acceptable system, evenifdevelop-
ments are not in line with those consi-
dered at the outset to be most



probable. Scenario studies for the
Nordel system may be a possible path
towards meeting new development
trends. Preparations for stating scenario
studies are in progress within the Plan-
ning Committee.

The Nordic Council has decided that
1988 will be a Nordic technology year.
As a result, numerous activities are in
progress in various areas in the Nordic
countries. Norway has been assigned
main responsibility for the field of
energy. Plans are afoot to hold a Nordic
energy conference in Stavanger
between the 26 and 28 September 1988.
The conference will deal with subjects
thatare ofinterest to engineers as well as
to those active in political authorities.
The chairman and secretary of the Plan-
ning Committee are also members of
the Planning Committee for the confe-
rence.

Thermal Power Committee

The objective of the Committee’s
activities is to establish cooperation and
to promote exchange of experiences in
the field of thermal power in the Nordic
countries. The Committee has held two
meetings during 1987 and it has
discussed the following reports and
issues:

In its last annual report the Working
Group for Nuclear Fuel states that the
fuel market is steady even though prices
are slightly falling. This time the report
includes a more detailed section on
production of fuel elements. Nordel’s
annual meeting decided to suspend the
Group.

In autumn the Committee’s
Working Group for Maintenance and
Operations arranged a meeting for
maintenance managers. The Group has
also discussed rehabilitation and service
life extension of old power plants and
this will be the main topic for the next
meeting between operations managers.
The meeting will be held in autumn
1988.

The Group has in collaboration with
the ad-hoc Group for Environmental
Matters compiled two extensive reports
on costsand technology for flue gas puri-
fication. One report deals with desulph-
urization and the other denitrification of
flue gases.

The ad-hoc Group has specified its
tasks that include exchange of data on
legislation in environmental matters in
the Nordic countries and how it is admi-
nistratively and technically possible for
the power companies to deal with envi-
ronmental requirements. In technical
matters the ad-hoc Group shall work

together with the Operations and Main-
tenance Group. In general the Group is
to operate in fields where operation of
power plants causes external environ-
mental problems: pollution of air, water
and soil, and noise problems.

In 1988 the Group plans to hold a
seminar on environmental matters.

The Thermal Power Committee has
continued to follow up research and
development in the field of thermal
power. Special attention has been paid
to the work by NKA (the Nordic
Contact Organization for Nuclear
Energy questions) to introduce e.g. the
safety programme for the power
industry.
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Energy policy

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

further in 1987 through in-
creased production of Danish North Sea
oil and gas. The proportion of Den-
mark’s gross energy consumption based
on indigenous energy sources thereby
increased to 38%, compared with 31% in
the previous year. Consumption and
exports of Danish oil were 2.9 and 1.7 m
tons, respectively. The corresponding
figures for Danish natural gas were 1.5
and 0.7 bn m°.

Despite extensive exploration in the
Danish underground by many conces-
sioned consortia, it is still only Danish
Underground Consortium that is pro-
ducing oil and natural gas.

The power companies compulsory
purchases of natural gas under their
agreement with Danish Natural Gas
A/S amounted to 0.09 bn m* in 1987.

At the end of the year, in connection
with new negotiations concerning gas
supplied to Danish Natural Gas A/S
from the North Sea, ELKRAFT decided
to look into the possibility of using
cheap and environmentally safe natural
gas at its power stations. If anything
comes of this, the gas will be used in
combined-cycle power stations, in
which gas turbines are combined with
heat/power-producing steam turbines.
The criteria for realization of these plans
include long-term supply safety and a
reasonable price in relation to coal. The
Danish Minister of Energy takes a very
positive view of this initiative, which he
regards as a natural continuation of the
efforts of the last few years to reduce the
detrimental effects of electricity produc-
tion on the environment.

As an element of Denmark’s energy
policy, the energy conservation cam-
paign was intensified still further in
1987, with the main focus on saving
electricity. The Danish power supply
companies have thrown massive re-
sources into this campaign, which
includes material for schools, posters,
advertisements, advisory services, TV-
sports, etc.

There is considerable political inte-
rest in getting a levelling of the load on
the power stations in order to achieve
higher utilization of capacity.

To this end, several Danish power
supply companies are working on new,
time-differentiated electricity tarifis,
with the lowest price in the evening, at
night, and during the weekend, and the
highest price during the morning and
late-afternoon on weekdays. An inter-
mediate price will be charged in transi-
tional periods.
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This scheme has been suggested by
the last few years’ experience, which
shows that a distinct change in the
pattern of consumption can be achieved
by time-differentiated tariffs that relfect
the real, varying costs in the power
supply system.

Power consumption

Power consumption in Denmark
totalled about 30 TWh in 1987, repre-
sgnting anincrease ofapprox. 4.4% over
1986.

The increase was mainly due to
increased consumption in the commer-
cial, service and agricultural sectors.
Their consumption rose by about 5%.
Domestic consumption rose by about
3%, while industrial consumption re-
mained the same as in 1986.

The distribution of power consump-
tion in 1987 was:

domestic users: 32%
trade and service sector: 28%
industry: 28%
agriculture etc.: 12%

The forecasts for power consump-
tion in the years are based on amoderate
rate of increase amounting to just over
2.5% per annum.

The year’s top loads occurred on 12
and 13 January, when unusually low
temperatures and strong wind created
record loads during the evening peak
period. In eastern Denmark
(ELKRAFT), the load reached 2,718
MW, and in western Denmark
(ELSAM), 3,385 MW,

The extreme loading conditions,
which lasted for several days, created a
strained supply situation. In both
regions, however, the supply companies
managed to avoid disconnecting consu-
mers by making use of all available
possibilities for maintaining the supply.

Power production

Attheend of 1987, the installed capa-
city of Danish power stations was about
8230 MW - almost 1% less than the
adjusted capacity for 1986.

The capacity was distributed as
follows:

Steam turbine plants 94.1%
Gas turbine and diesel plants 4.5%
Wind power plants 1.3%
Hydro-power plants 0.1%

This comprises 200 MW privately
owned production plants, including no
less than about 100 MW wind power
plants.

Combined heat and power (CHP)
stations account for a substantial part of
the capacity, and here, outputisreduced
when district heat is being supplied.
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Under peak loading, this reduction
amounts to about 600 MW.

In 1987, old plants with a total capa-
city of 130 MW were scrapped. At the
end of year, this left us with about 4% of
capacity in old, obsolete plants, which
are only used in extreme situations, and
which require at least a couple of days’
notice each time they are needed.

After a 2-year conversion to com-
bined coal, oil and gas firing, one unit of
295 MW + 10 MW overload capacity
was recommissioned in 1987.

The steam turbine plants covered
86.4% of the year’s power consumption,
wind power 0.5%, and hydro-power
0.1%. The remaining 13.0% was covered
by net imports.

In combined heat and power pro-
duction, the CHP-stations supplied
about 52,000 TJ district heat.

97% of the power stations’ fuel con-
sumption in 1987 was coal, correspon-
ding in total to about 11.1 m tons of coal.

The construction of new units at
Amager Power Station, Avedere Power
Station and Fyns Power Station conti-
nued with a view to commissioning in
1989, 1991 and 1991, respectively.

In 1987, an order was placed for
Denmark’s fourth fluegas desulphuriza-
tion plant. This is a wet-process plant for
Avedore Power Station’s 250 MW unit
1, which will be commissioned in 1991.
The residual product from a wet-process
plant in gypsum.

Two Danish-made experimental
and demonstration plants for cleansing
flue gas wentintooperationin1987. One
of them removes nitrogen oxides, while
the other removes both sulphur and
nitrogen oxides, with sulphuric acid
and water as residual products.

These experimental and demonstra-
tion plants are examples of the power
stations’ growing engagement in deve-
lopment work in the industry, mainly
aimed at environmental improvement
and firing techniques. In 1987, the
power stations spent about DKK 100 m
on such purposes.

The first decentralized CHP plant
under the power expansion agreement
from 1986 went into operation in
December. The plant is based on
natural gas and has a capacity of 17 MW
electricity and 29 MJ/sec. heat.

In 1987, about 30 additional stations
were under design and negotiation,
based on a variety of fuels: natural gas,
straw, chips, refuse, and biogas.

These decentralized CHP-stations
will have a total electrical power capa-
city of over 200 MW, i.e. almost half the
agreed framework of 450 MW,



In January, Masnede Wind-Power
Farm, with five 750 kW turbines, was
inaugurated by the Danish Minister of
Energy. Four blades have since deve-
loped cracks but have been repaired and
are now in experimental operation. In
October, one of the five turbines burnt
out owing to a fault in the generator
breaker.

Construction of the biggest Danish
wind turbine so far,2 MW, near Esbjerg
has now reached completion. This
experimental turbine has been partly
funded by the Danish State and EC and
wgiél gointooperationat the beginning of
1988.

In 1987, the power companies worked
on ten wind-power farm projects with a
total capacity of about 34 MW.

The projects have come up against
several obstacles, especially in connec-
tion with licensing. This has resulted in
considerable delays in almost all cases,
and some of the projects have had to be
altered. By the end of the year only two
of these wind-power farms had been
completely or partially established.

This situation has created doubts as
to whether the power stations can get
the whole of the 100 MW envisaged in
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Esbjerg-mollen hos 1/8 Vestkraft ved Esbjerg
blev feerdig i 1987. Det var en storopgave at fi
den 200 tons tunge maskinkabine pd plads i
toppen af det 60 meter haje tarn.

The Esbjerg wind power plant in service 1987,
A heavy job to lift the 200 ton machine to the
top of the 60 meter high tower.

the wind-power agreement completed
at the agreed time, viz. before the end of
1990. The Ministry for the Environment
and the Ministry of Energy are therefore
working together to find a solution that
ensures that the power companies will
achieve a reasonable rate of develop-
ment on wind power.

Electricity prices

There have been no major changes
in electricity prices since the reduction
in October 1986.

In 1987, the average price of electri-
city for a consumer with an annual
consumption of 3000 kWhwas42.5 are/
kWh excl. taxes and 91.5 ere/kWh with
taxes. The energy tax and VAT thus
constituted about 55% of the consumer
price.

From 1 January 1988, electricity
prices will increase throughout the
country by an average of 7 ere/kWh fora
consumer with an annual consumption
of 3000 kWh. The price increase is
mainly a result of the fact that prices
were deliberately set low in 1987 to
enable the companies to “pay back”
surplus accumulated earlier.

Power transmission system

The expansion of the Konti-Scan
connection between Jutland and
Sweden with a 300 MW, 285 kV DC-
cable is proceeding according to plan.
All buildings have been constructed,
the substation has been established, and
the thermionic valves are being
installed. Cable-laying will take place in
May 1988, and trial operation is ex-
pected to start in August 1988,

Project assistance

Both ELKRAFT and ELSAM are
aiming at selling project assistance.

On 1.1.1987, ELSAM’s design and
engineering division was separated
from the mother company as an inde-
pendent consulting company under the
name ELSAMPROJEKT A/S. All the
new company’s shares are held by I/S
ELSAM. The object of the company is
primarily to perform work for ELSAM
and ELSAM’s partners, but also to
undertake work forother clients, both in
Denmark and elsewhere.

ELKRAFT has created a new divi-
sion, called ELKRAFT-Consult, which
it plans to turn into a separte company
later. ELKRAFT-Consultis in charge of
marketing and contracting and is re-
sponsible for implementation of foreign
projects at ELKRAFT and the electri-
city companies in the ELKRAFT-
region.
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Energy economy and policy
rapid boom characterized the
A?innish national economy in
1987. The volume of industrial
production went up by over 4% and the
growth in the chemical wood-proces-
sing industry in particular was signifi-
cant. The production capacity of paper
and pulp industry was almost fully
utilized. The growth in gross national
product was some 3.5%. The growth was
retarded by the crop failure, decreasing
the GNP by 0.5-0.7%.

Energy consumption rose by 6-7%
in 1987, amounting to 29 Mtoe. The
growth results from the cold spell of
winter 1987 and industrial boom. In
relative terms, natural gas consumption
increased by about 40% as expansion of
the natural gas pipeline to the city of
Tampere and the Helsinki metropolitan
area was completed in 1986. Domestic
generation accounted for some 30%
thanks to good water resources.

The new Council of State, which
started its work at the beginning of May
1987, has defined the outlines of its
energy policy: the Government ensures
a continuous energy supply and base-
load power for industry. Energy saving
and environmental requirements will
be considered when decisions on the
energy policy are made.

The Government stresses research
and international cooperation in envi-
ronmental protection. It will promote
the use of natural gas and decentralized
energy supply. According to the
Government’s programme new nuclear
power plants will not be built during its
current term of office.

In December the Parliament
approved the new Nuclear Act, inaccor-
dance with which the Parliament will
decide on construction of new nuclear
power plants. Recently the climate of
opinion has become more positive
concerning nuclear power. However,
the opinions continue to be more nega-
tive than what there were just before the
nuclear reactoraccident at Chernobylin
spring 1986.

In February the Council of State
decided on the first measures and limits
to reduce sulphur emission levels by
50% from the 1980 level by 1993.
Desulphurization equipment will be
installed in new and in the largest old
coal condensing power plants by 1993.
The decision means that almost two
billion Finnish marks will be invested in
energy supply during the next 5 or 6
years. In November the Council of State
also decided on emission limits for oil-
fired power plants and the maximum

values for sulphur content in coal. The
decision means that the sulphur content
in e.g. oil must not exceed 1% in popula-
tion centres in southern Finland.

In February 1987 a high-level energy
committee was established to chart how
different energy forms affect the society.
The following areas are included in the
study:

- energy technology
- effects on the economy and society
- effects on environment and health

The committee also reports on the
effects of energy generation and its risks
in relation to the effects of other social
functions. The committee relies on the
experts in energy administration,
energy producers and consumers. The
committee will have to complete its
report by December 31, 1988.

The bill on the reform of electricity
supply planning has been circulating for
comment. The General Plan and the
Consultative Commission for Power
Supply will be abolished. The commis-
sion of the Council of State will be
needed only for power plants of more
than 250 MWe.

Electricity consumption

In 1987 electricity consumption rose
more than ever before, i.e. some 3.6
TWh. Total consumption increased
almost 7%, amounting to about 56,3
TWh. Part of the growth resulted from
exceptional weather. January 1987 was
extremely cold and the second week
(January 5-11) was the coldest ever in
Finland. Previous low-temperature
records were beaten. The mean tempe-
rature during that week at, for instance,
Helsinki-Vantaa Airport was -30.4°C
and a new record temperature of -34.3°
C was recorded in Helsinki. On January
12, 1987 a new peak load of 10,085 MW
was recorded, which is 1,200 MW more
than the year before. 1987 was an excep-
tional year in many ways: spring and
summer were chilly and the beginning
of autumn very rainy.

Owing to the cold weather, electri-
city consumption for heating has grown
rapidly and electricity demand has
continuedtoincrease in householdsand
services. The significant growth in elec-
tricity demand results from the expan-
sion in industry, in the chemical wood-
processing industry in particular. The
number of dwellings with electric
heating has grown rapidly despite the
favourable price development of oil.
The number of dwellings with electric
heating has risen by about 25,000,
amounting to 385,000. In 1987 electri-
city accounted for 23% of final energy
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consumption, compared with 22.6% in
1986.

The prognosis for electricity demand
were revised in 1987. The future pros-
pects for industry have improved as a
result of product development, rationa-
lization of industries and energy tax
reform. According to STYV’s (the
Finnish Power Producers’ Coordina-
ting Council) newest prognosis, electri-
city demand will amount to about 74
TWh by 2000, which means an increase
of about 3 TWh compared with the
previous prognosis.

Electricity production

In 1987 electricity production was
50.7 TWh. Production accounted for
around 90% of total consumption and
net imports, some 5.6 TWh, for 10%.

Hydro power generation reached the
1981 record, around 13.5 TWh. The rains
were exceptionally heavy in summer
and at the beginning of autumn, filling
the water reservoirs.

Nuclear power production was also
extensive, amounting to 18.5 TWh and
accounting for 36% of total production.
Allnuclear power units have functioned
well and the average load factors for
Loviisa and Olkiluoto units (including
revisions) were:

Loviisa [ 93.2%
Loviisa 11 92.6%
Olkiluoto I 90.9%
Olkiluoto I1 92.3%

Back-pressure power production
amounted to about 13.3 TWh, an in-
crease of 0.9 TWh compared with 1986.
Other thermal power produced some
5.3 TWh, or 10% of total production.

Electricity imports from the Soviet
Union remained unchanged, or 4.7
TWh, and net imports from Sweden fell
somewhat, amounting to about 0.9
TWh in 1987.

Expansion

In1987 only some 25 MW new hydro
generation capacity was completed, as
three small hydro power stations were
taken into service.

More than 1000 MW new power
plant capacity was under construc-
tion. The largest power plants under
construction were Imatran Voima's
150 MW peat condensing power plantat
Haapavesi, Pohjolan Voima's 250 MW
oil-condensing power plant at Kristiina
and 132 MW power plant at Tampere,
which uses natural gas. At Seindjoki a
district heating power plant of
105 MW was being built. Of the new
district heating power plants some
320 MW are peatfired and about



330 MW are fuelled with natural gas. A
decision has also been made to build a
cogeneration plant with natural gas as a
fuel at Helsinki. Its output will be 167
MW,

Imatran Voima and industry have
discussed the construction of a new
coal-condensing power plant of 500
MW at Pori. However, no decision has
been made so far. There have also been
discussions on continuing electricity
imports from the Soviet Union after
1989 and commencing electricity
imports from Norway around 1995.

During the year 35 km of 400 kV
lines, 120 km of 220 kV lines and about
300 km of 110 kV lines were completed.

A transformer station of 400/110 kV
was completed on the interconnection
line between Sweden and Finland near
the border in Kemi. A gas-insulated
substation of 400/110 kV and a trans-
former station of 400/110 kV was taken
into service in Helsinki. Construction of
the line to Norway will continue and the
220 kV line from Vajukoski to Varanger-
botn will be completed in summer 1988.
It was confirmed that the Fenno-Skan
DC-line would have an output of 500
MW with 400 kV. The DC-interconnec-
tion will be the first long submarine
cable in the world with400 kV transmis-
sion voltage.

Electricity price

The mean retail price of electricity
remained almost unchanged in 1987.
The real price dropped by some 4%. On
January 1, 1988 the mean taxable
consumer price of household electricity
was 41.9 p/kWh in multi-storey houses
and 36.1 p/kWhin single-family houses.
The taxable consumer price for direct
space heating electricity was 27.8
p/kWh and for storage heating 23.1
p/kWh. The tax-exempt consumer
price for electricity in large-scale
industry was 13.3 p/kWh, which meant
a decrease of 0.5 p/kWh.

The wholesale price for electricity
dropped several times during 1987, the
total decrease being some 5%, owing to
the decrease in the price of coal. Some
decrease has also been reflected on the
consumer prices.

Research and development

A study was made on the final dis-
posing of spent nuclear fuel and its
safety. According to the study itis safe to
dispose wastes in the Finnish bedrock
and TVO (the Industrial Power
Company) has continued to look for a
suitable location for final disposing.
However, final disposal will not become
urgent until after 2010.

New power plant applications have
been studied. Imatran Voima’s pilot
wind power plant of 300 kW at
Kopparniis, Inkoo, reached a load factor
of 57% during its first year of operations.
A PFBC research project (pressurized
fluidised bed combustion) was
launched with the aim to increase the
coefficient of efficiency of electricity
generation in steam-fired power plants
using a solid fuel. A diesel power plant
relying on high-pressure injection of
natural gas has also been developed,
mainly for smaller urban areas. Com-
bined power plants with gas turbine-
steam turbine applications have also
been examined.

Foto: Juhani Eskelinen

220 kV forbindelsen fran Vajukoski i Finland
till Varangerbotn i Norge berdknas bli firdig
sommaren 1988.

The 220 kV from Vajukoski, Finland, to
Varangerbotn, Norway, is expected to be
completed in summer 1988.
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Economic Development
he year 1987 was characterised in
I Iceland by a relatively high rate of
economic growth amounting to
6.6% (6.0% in 1986). The product value
of the fish-processing industry, the
country’s most important category of
industrial products, grew by 7% in real
terms; that of other industrial products
by 3%. Corresponding figures for 1986
were 10% and 5%. Investments rose by
8% above the 1986 level. Unemploy-
ment averaged atabout0.6% ofthe work
force, (0.7% in 1986). Inflation showed
an upward trend, from about 15.9% a
year at the beginning of 1987 to about
24.4% a year at the year’s end. The
Consumer Price Index rose by 24.4%
from Dec. 31 1986 to same date 1987.

Energy Policy & Legislation

A new government came to powerin
Iceland on July 8 1987, in the wake of the
April parliamentary elections. In its
programme the government states
about industrial and energy policy that
“efforts will continue to be undertaken
to enlist cooperation of foreign partners
inenergy-intensive industries in Iceland
to the extent deemed prudent in view of
the international market situation and
consistent with the energy supply situ-
ation in Iceland. The organization of the
energy supply industry shall be revised,
including the role of the National
Energy Authority and the Energy
Fund™.

By and large the industrial and
energy policy of the new government
remains the same as that of the previous
one, with a somewhat lighter emphasis
on energy-intensive industries, in line
with the present depressed market
situation for the products of these indu-
stries.

On June 22 talks between represen-
tatives of the Icelandic Governmentand
the UK-based industrial concern RTZ
Metals on the latter’s possible invest-
ments in energy-intensive industries in
[celand, which had been going on since
the beginning of 1986, were temporarily
terminated with negative results. The
reason for this outcome of the talks was
stated to be the international market
situation; especially for silicon-metal
products, which were the target of the
proposed investments by RTZ Metals.
It was agreed, though, that the partners
would remain in contact in the future on
this question.

Export of electric power from Iceland
to Scotland via a HVDC submarine
cable has been the subject of discussion
a number of times through the years.
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Among other things the National
Energy Authority sponsored studies of
the economics of such a power export
scheme in 1975 and in 1980. In both
cases the results indicated that the cost
in Scotland of power from Iceland
would be about the same as that of
power generated in Scotland in coal-
fired ornuclear plants. In1986, the NEA
once more looked into this guestion
and, with the help of data provided by
the Swedish firm ASEA Transmission,
Vesterds, Sweden, again came to the
same conclusion as before concerning
the economics of such a scheme.
However, the scheme may have
other aspects than purely economic,
such as environmental ones. Besides,
the economic prerequisites do change
over time. In connection with the
planned privatization of the UK power
supply industry various groups in
Britain have expressed interest in alter-
native means of power generation.
Some of these have shown interest in
studying power import from Iceland as
one such alternative. In 1987 the
National Power Company, Iceland’s
largest power producer, initiated a study

En udsigt over Thingvallaseen, Syvd-Island, og
dens udlob, Sog floden, med tre vandkrafi-
veerker.

View of Lake Thingvallaseen, Southern
Iceland and its outflow, the Sog River with
three hydro-electric power plants.

of their own of this question, which is
expected to be completed in early 1988.
In December 1987, one of these groups
contacted the NPC on the matter.

The Electricity Consumption

Total gross consumption of electri-
city in Iceland in 1987, i.e. including
transmission and distribution losses
and power plants’ own consumption,
amounted to 4152 GWh, compared to
4058 GWh the previous year, corres-
ponding to a growth of 2.3%.

The share of power-intensive indu-
stries in the 1987 consumption was
52.1% compared to 52.8 in 1986. Their
consumption grew by 1.0%. General
consumption grew by 3.9% without and
7,5% with correction for outdoor tempe-
rature in the two years. The total
consumption consisted of 3656 GWh of
firm energy and 497 GWh of non-
guaranteed energy.



In their series of energy forecasts the
so-called Energy Forecasting Com-
mittee in 1987 issued a forecast of
consumption of geothermal energy in
Iceland for the period 1987 to 2015, by
consumption categories. The following
table shows an excerpt from this fore-
cast. The figures refer to GWh's of

utilized heat energy.
Space Swimming Snow- Horti- Aqua- Other ;
Year  heating pools  melting culture  culture I'g“sw uses é%tvﬂh
GWh GWh GWh GWh GWh GWh
1986 3.770 226 127 207 18 262 1 4.611
1990  4.060 262 310 224 90 375 | 5.322
1995  4.322 299 493 245 210 493 1 6.063
2000 4481 330 629 261 274 520 1 6.496
2005 4.629 358 742 270 274 540 1 6.814
2010  4.762 376 845 280 274 561 1 7.099
2015 4.860 386 942 290 274 582 2 7.336
Electricity Production Electric Power Tariffs.
The electricity production in Iceland The Wholesale Power Tarif (WPT) of

in 1987 amounted to 4152 GWh (4058
GWh in 1986), of which 94.1% were
produced in hydro-electric plants
(94.7% in 1986); 5.6% in geothermal
plants (5.2% the previous year) and 0.1%
in diesel plants, condensing steam
plants and gas turbine plants.

Total installed capacity of public
utility power plants in Iceland at the end
of 1987 was 921 MW (922 MW at the end
0f1986). Of this 752 MW were in hydro
plants (same as at end of 1986), 128 MW
in conventional thermal plants, ie.
diesel, steam condensing and gas
turbine plants (129 MW at end of 1986)
and 41 MW in geothermal power plants
(unchanged from 1986).

The construction of the 150 MW
hydro-electric power plant Blandainthe
western part of Northern Iceland,
owned by the National Power Company
(Landsvirkjun), proceeded in 1987. The
plant is due for commissioning in 1991.
In the same year the Reykjavik Muni-
cipal District Heating Service started
preparations for the construction of a
geothermal combined heat and power
(CHP) plant Nesjavellir in Southwest
Iceland. The plant will have a rating 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 commis-
sioning around 1990, but without any
power production, which has been post-
poned indefinately.

the National Power Company (NPC)
was raised by 7.5% on Jan. 1; by 9.5% on
Augland by 9.0% on Dec11987. In real
terms (viz, corrected for inflation), the
WPT was 1.1% higher on Jan. 11988 than
on the same date 1987, but 31.8% lower
than on May 1 1984,

Due torising price quotations for raw
aluminium during the second half of
1987, the NPC’s contract power price to
the Icelandic Aluminium Company
rose from 12.5 mUSD/kWh in the first
two quarters of 1987 to 13.2 in the third
and 14.9 mUSD/kWh in the fourth
quarter of the year, (viz. from 0.073
SEK/kWhinthel.and 2.t00.077 in the
3.and 0.086 SEK/kWh in the 4. quarter
of 1987).

?.42_




Energy policy

n 1987, electricity generation based

I on natural gas from the North Sea
became a real alternative in the
Norwegian energy supply system.

On 26 February 1987 Statkraft (the
Norwegian State Power System) sub-
mitted their concessionary application
for a gas fired power station at Kérste in
Rogaland. The station will have an
installed capacity of approximately 700
MW, and an annual production of 5
TWh. The Ministry of Petroleum and
Energy planned a swift processing of
thisapplication giving the NVE (Norwe-
gian Water Resources and Energy
Administration) a deadline of 15
November '87 for submitting its recom-
mendation. The Ministry of Petroleum
and Energy aims to put this proposition
to the Storting (Norwegian Parliament)
by the end of the first quarter 1988.

The treatment ofthe application fora
gas fired power station on Karmey in
Rogaland made by Norsk Hydro on the
25 May 1987, was been temporarily
postponed by the Ministry. However, in
a letter dated 22 December 1987, the
Ministry requested that the NVE
resume the processing of the applica-
tion.

On 10 April 1987, the Government
issued White Paper No. 38 (1986-87)
"Norway’s future energy consumption
and production”. The Paper presents an
up-dated evaluation of energy supply
demand in Norway in the 1990’s. The
Government forecasts a future firm
power consumption in the general
supply, of 77 TWh in 1995 and 85 TWh
in the year 2000.

In accordance with earlier decisions
made by the Storting, a firm power allo-
cation of 36 TWh has been set for the
powerintensive industries for the years
1995-2000. An extra 2 TWhin 1995 and
3 TWh in the year 2000 are added to
cover for cold winters and uncertainties
in the forecasts. Taking this into consi-
deration it is necessary to increase the
firm power supply to 115 TWh in 1995
and to 124 TWh in year 2000. This is an
increase of 3.5 and 4 TWh respectively,
compared to the corresponding esti-
mates in the last White Paper on Energy
from 1985.

The Paper on Energy stresses the
great uncertainty involved in forecasting
electricity demand and underlines the
need for flixible energy planning, so as
to tailor production capacity to suit
varying demand.

The possibility of building gas power
stations increases the flexibility of
power supply, as construction periods
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are significantly shorter than for large
hydro power projects. The Government
also points out that it is unrealistic to
suppose that power demands towards
the year 2000 could be met by the deve-
lopment of hydro power alone. Because
of this and in the knowledge that gas
power is economically more competi-
tive than hydro power, the Goverment
propose the building of gas fired power
stations in Norway. The White Paper
specifically mentions Statkraft’s appli-
cation for permission to build and
operate a gas power station in Kdrsto. It
is planned that the station may be comp-
leted by as early as 1991.

The development of Haltenbanken
could most probably serve as a basis for
gas power stations in Central Norway
from the mid 1990’s. On 4 December
the Governmentissued it’s White Paper
No. 19 (1987-88), Supplement to White
Paper No. 38 (1986-87). This elaborates
further on certain questions concerning
the development of gas power stations,
and the phasing-in of large quantities of
gas power in Norway. The supplemen-
tary White Paper makes the following
remarks on gas prices in Norway:

"The main principle for the pricing of
gas in Norway should be that the price
reflects the value of gasin the market. As
long as the production of power consti-
tutes the only important application of
gas in Norway, gas prices should reflect
the value gas has in the power market,
i.e. when used for power generation.
This power will be sold in the wholesale
market and in the view of the Ministry,
should be priced on the basis of the
value of power in this market when
calculating backwards to the price for
the gas”.

The Government furthermore
advocates that Statkraft, as a rule, shall
have a majority interest in the construc-
tion of gas power stations. Larger power
companies and industrial firms having
large power consumption, should also
be able to participate in the construction
ofgas powerstationssoas toensure their
required power supply.

White Paper No. 53 (1986-87),
Master Plan for Remaining Hydro
Electric Power Resources was sub-
mitted by the Government on 30 April
1987. This is a follow-up of the first plan,
White Paper No. 63 (1984-85), which
was dealt with by the Storting in Spring
'86. White paper No. 53 aims to group
the remaining hydro power projects
according to certain criteria, which
consist of a combination of rising costs
and the increasing degree of conflict
with other user interests. Category I
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encompasses projects which may be
dealt with immediately - usually
smaller projects having low storage
reservoirs relative to annual run-off. The
planned gas power stations are run as
base - load plants, this resulting in
increased demand for winter-power and
on the installed capacity of the hydro
power system. In this connection
several, including the NVE, have
expressed a wish to re-arrange priorities
in the Plan in order to promote larger
projects having greater storage reser-
voires relative to annual run-off.

The Storting had in 1987, not yet
dealt with either the White Paper on
Energy or the Master Plan, but this is
expected to happen in Spring "88.

The report issued by the World
Commission on Environment and
Development ("Brundtland Commis-
sion”) was published in 1987. The report
considers the global environment and
the development of resources, and
contains recommendations on what
must be done to achieve, what the
Commission calls sustainable develop-
ment. In the chapter on Energy the
Commission concludes that a low
energy strategy is the best method of
ensuring a sustainable future. To
achieve this, emphasis should be puton
energy efficiency, technologies with low
environmetal impact and renewable
energy resources. In the Government’s
supplementary White Paper it is stated:

"The possible dangers of using fossil
fuels can in the long run limit the amount
of gas power which should be produced.
To limit the use of fossil fuels globally, it
may be necessary to reduce the growth of
total energy consumption. To prevent the
expected economic growth from stimula-
ting a similiar growth in energy consump-
tion, international prices of energy should
in the long run, increase. Increased prices
will both limit consumption, and make it
more profitable to engange in energy
conservation.

Electricity consumption

Gross general consumption and
consumption by power-intensive indu-
stries totalled 98.4 TWh in 1987. This is
an increase of 2.5 TWh or 2.7% over the
previous year. Thisisasomewhat higher
growth rate than the average rate over
the last seven years, of 1.9%.

The general consumption of firm
energy, referred to the power stations,
increased by 2.6% to 68.4 TWh. Under
normal temperature conditions this
consumption corresponds to 66.3 TWh,
which is an increase of 1.2% over the
same figure for the previous year. This is



a significantly lower growth rate than
the average of 3.5% for the period 1980-
87, this lower growth rate is easily
explained by the national economic
situation. Private consumption is
expected to fall by a few percent from
1986 to 87 and little GDP growth is envi-
saged, oil and shipping excluded.

During 1987 it was cheaper, in most

areas of Norway, to use light fuel oil than
electricity where the necessary equip-
ment was already installed. However,
therelatively smallincreasein the sale of
light fuel oil during 1987, means that
there has been little substitution from
electricity to light fuel oil the last yecar.
Converted to the equivalent amount of
electricity delivered to consumers, sales
of light fuel oil in 1987 amounted to 11.1
TWh, an increase of approximately 6%
from 1986. 1987 was considerably colder
than 1986.
In 1987 the power-intensive industries
used 30.1 TWh referred to the power
stations, an increase of 0.8 TWh overthe
previous year. Own production and
permant contracts supplied industry
with a guaranteed quantity of almost 30
TWh firm power.

There are great differences between
the various power-intensive industries.
Producers of aluminium and other non-
ferrous metals, have increased their
consumption by approx. 6%, and in
1987 accounted for 57% of the total
power-intensive industries’ consump-
tion. World market prices for alumi-
nium were exceedingly highin 1987 and
the industry used its production capa-
city to the fullest. The iron, steel and
ferrous alloy industries reduced their
consumption by approx. 3%, these
industries are having to contend with
low prices on the world market and poor
profits. Producers of chemical raw mate-
rials consumed about the same amount
of electrical power in 1987 as in 1986.

In 1987 the recorded deliveries of
occasional power supplied to larger
electric boliers was 3.6 TWh referred to
the power stations. This is approxima-
tely double the figure for 1986. The
reason for this is to be found in the
wood-processing  industry,  firstly
because of increased activity and
secondly, due to the replacement of
heavy fuel oil with occasional power.
The sale of heavy fuel oil to the wood-
processing industry was at least 160 000
tons less in 1987 than it was in 1986. This
is the equivalent of aprox. 1.4 TWh of
electrical power.

The registered sales of occasional
power over the last years have been
significantly higher in the official statis-

tics than in the preliminary short-term
analyses. This concerns sales to smaller
boilers and other consumption of non-
guaranieed power, over the last years
approx. 1 TWh. In 1987 the consump-
tion of occasional power in smaller
boilers is expected to be 0.8 TWh.

Maximum system load, in terms of
domestic consumption, occured on 12
January and is estimated to have been
18 440 M'W. This is the largest load ever
registered and is almost 900 MW higher
than the previous record of 1985. The
maximum load was measured duringan
extremely cold spell nationwide. It is
rare that these cold periods occur simul-
taneously throughout the country.

In 1987 electricity represented 47%
of the theoretical energy content of all
energy supplied to consumers (net final
consumption). Petroleum products
accounted for 40.3% and solid fuels
12.4%. District heating accounts for the
remaining 0.3%.

Electricity production

In 1987, hydro power generation
amounted to 103.8 TWh. With the addi-
tion of approx. 0.6 TWh thermal power,
total production was 104.4 TWh. This is
7.2 TWh higher than in 1986, but pro-
duction was higher in both 1983 and 1984.

Usable run-off to Norwegian hydro
power plants in 1987, was 97% of that of
an average year. Practically no energy
was lost in 1987 due to lack of markets.
Storage capacity has increased by 3.5
TWh during the year, andatthe year-end
was 76.4 TWh. The energy content of
the reservoirs was 56.5 TWh by the end
of the year, whichis only 0.5 TWh higher
than the beginning of the same year.

Production capacity of firm power
was in 1987 approx. 99 TWh, including
probable imports. New installations
increased the capacity by approx. 1.5
TWh. The largest new installation is that
of Kobbelv in Nordland, with an in-
stalled capacity of 300 MW and an esti-
mated firm power contribution of 942
GWh when running at full capacity.
Other important power plants opened
in the course of the year were Alta in
Finnmark, Myster in Hordaland, Nadd-
vik in Sogn og Fjordane and Skarje in
Aust-Agder. The average production
capacity of the entire generation system
is estimated to be 105 TWh.

Power exchange with neighbouring
countries resulted in a net export of 0.5
TWh. Exports to Sweden totalled 1.4
TWh and imports 2.2 TWh. Exports to
Denmark were 1.4 TWh and imports 20
GWh. Norway imported 47 GWh from
the U.S.S.R.
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The increase in installed capacity
(for those plants having an installed
capacity of | MW or more) amounted to
848 MW in 1987. Total machine capacity
by the end of 1987 is 25 531 MW, 314
MW of whichis thermal power. Statkraft
owns almost 30% of the installed capa-
city. Over 50% is owned by municipali-
ties and counties, the rest owned by the
private companies and industry.

Electricity prices

Statkraft’s prices for deliveries for
general consumption increased from
16.53 ore/kWh to 18.20 ere/kWh on
I May 1987. The Storting passed a
further increase of 12.5% to bring the
price up to 20.50 ere/kWh from 1 May
1988. The price is calculated as the esti-
mated average of 6000 hours consump-
tion and applies to central areas served
by step-down transformers.

The average price of electricity deli-
vered to households and agriculture,
was 38.4 pre/kWh including all taxes.
The unit price (variable part) in an H<4
tariff, (the most common) averaged 34.5
ore/kWh including taxes, while the
equivalent energy cost using light fuel
oil was approx. 30 ere/kWh.

The general electricity tax charged to
all consumers was 3.4 ere/kWh. Power-
intensive industries paid an electricity
tax of 3.1 ore/kWhin 1987 and in 1988 it
is 2.8 ere/kWh in manufacturing of
ferro-alloys and 3.4 ere/kWh for other
power-intensive industries.

The long-term marginal cost of
general consumption of hydro power
has been estimated to be approx. 32.2
pre/kWh. A 6% real interest rate is used
in the above calculations, and the
money value is that of 1 January 1987, in
comparsion with the variable part of the
H4 tariff, which by 1 january 1987
averaged 29.2 ere/kWh.

National grid

No major transmission plants were
putinto operation in 1987. On the trans-
mission line from Hardanger/Indre
Sogn to Eastern Norway an expansion is
planned by adding a new 420 kV line
from Dagali to Nore and another420 kV
line from Aurdal to Usta. The projects
are under licencing and are planned to
be put into operation in 1991.

Studies are in progress looking at the
future required transmission capacity in
view of the proposed gas fired power
station projects in Karste and Karmaey.
For a gas fired power station with an
installed capacity of 700 MW it is
expected that only minor investments
in transmissions plants will be necessary



to connect the power station to the grid
and in transformers to improve the load
allocation between the 420 kV grid and
the 300 kV grid. For any additional gas
fired stations, more considerable exten-
sions will be necessary. Furthermore,
studies are in progress of the transmis-
sion capacity requirement from Tren-
delag to Oslo in case of a possible deve-
lopment of Haltenbanken and gas fired
power stations in Central Norway.

As a consequence of the decision to
develop Saltfjell/Svartisen in Nordland,
extensions of the transmission network
are being considered from Ranato Tren-
delag. Svartisen power station with an
installed capacity of 600 MW is planned
to be put into operation with its full
capacity in 1993.

Disturbances in the 420 and 300 kV
main grid have not caused any large
losses or longlasting interruptions for
consumers during the last year.
However, an unusual large number of
smaller disturbances occurred within a
relatively small time-span when a storm
passed southern parts of Norway. Strong

winds and heavy rain then caused more
than 100 disturbances in the 132, 66 and
45 kV grids during a period of about 18
hours. Smaller geographical areas expe-
rienced numerous and even longlasting
interruptions in the electricity supply, in
some few cases lasting up to 24 hours.

One powerplant was flooded and
suffered a loss in production of about
6000 MWh.

The year’s largest loss of delivery
(approx. 8000 MWh) due to one distur-
bance hit an industrial factory only
radially connected to the system. A
flash-over resulting in a sustained fault
ina 132 kV cable led to a short interrup-
tion of the total load, but also to forced
reduction of the load for 9 days due to
lack of transfer capability.

The year’s largest loss in production
(approx. 8500 MWh) occurred due to
damages in the servosystem for the
hydro-turbine of a 65 MVA generator.

Miscellaneous

Within the Norwegian Wind Power
Programme, the first period of ordinary
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Terskelutbygging i regulerte vassdrag, Ana-
Sira krafiverk.

Weir-construction in the Ana-Sira river.

operation took place during 1987, witha
55 kW plant at Froya off the coast of Sor-
Trendelag. The availability has been
good and the production has been in
accordance with the manufacturers esti-
mates.

In 1988 the aim will be to make an
estimate of the potential for small-scale
integrated wind power in Norway. At a
number of locations it is planned to
build demonstration plants of about
100-400 kW.

Atthe Norwegian Research Institute
of Electricity (EFI), work is in progress
to develop a suitable control system for
wind/diesel prototype plants (an IEA-
project).



2 m oweden

Energy policy and energy studies
n the middle of May, the Govern-
I ment laid before the Riksdag a
draft bill (Bill no. 1986/87:159)
concerning the phasing-out of nuclear
power generation and resulting restruc-
turing of the country’s energy supply
system. The Bill was passed unaltered
by the Riksdagin December. The earlier
decision to complete the phasing-out by
2010 remains unaltered: the commis-
sions appointed to investigate the
results of the Chernobyl accident have
not indicated any reason to bring this
date forward. However, the Govern-
ment feels that experience in Sweden
and other countries may justify such an
advancement of the date, and so the run-
down should be started straight away. It
is therefore important that intensive
work on energy conservation and new
energy supplies should be started quickly.
The Bill proposes that the first
reactor should be decommissioned be-
tween 1993 and 1995, to be followed by a
second reactor in 1994-1996, with the
exact times being determined by the
energy supply situation. Nodecision has
vet been made as to which reactors
should be taken out of use first.

The elimination of nuclear power
generation will result in a shortage of
electric power. The Bill proposes that
this shortfall should be met primarily by
reduced use of electricity. The Govern-
ment is of the opinion that it is already
important toreduce the use of electricity
in order to lessen the shock of adjusting
to the change. However, present electri-
city prices are such that there is a risk of
failure to apply conservation measures
and to provide the necessary new gene-
ration capacity. This is an additional
reason which added to previously given,
may cause the Government to recom-
mend increased rate of return required
from the Swedish State Power Board. As
the Board is the price leader in determi-
ning electricity prices, thiswill resultina
general rise in prices in the long term,
making it profitable to invest in new
generation capacity and in energy conser-
vation.

The Bill outlines two possible paths
along which new energy technology can
develop. One involves low-pollution
combustion processes for larger power
plants, while the other involves the use
of smaller production plants, such as
combined heat and power plants,
having a high efficiency and low envi-
ronmental impact.

In December, the Riksdag also passed
another Government bill (Bill no. 1986/
87:167), giving small electricity producers
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the right to sell their power to the grid.
The objective of this is to make as much
use of small-scale electricity generation
as possible.

The year saw the formation of an
energy development company, Svensk
Energiutveckling AB, intended to deve-
lop the technology needed to replace
nuclear power generation. The com-
pany is jointly owned by the Swedish
State Power Board, the Swedish Power
Association and the South Swedish
Power Company, together with the
Association of Swedish Electric Utili-
ties, the Swedish Gas Association and
the Swedish District Heating Associa-
tion. Work is planned initially to last for
ten years. It is expected that about SEK
100 million/year will be invested during
the first five years, with the Swedish
State Power Board providing half.

During the year, the Swedish Energy
Administration investigated on behalf
of the Government the effects of shut-
ting down two reactor blocks in the
middle of the 1990s. This investigation,
known as the Two-Reactor Investiga-
tion, came to the conclusion thatitis not
impossible that the loss of the output
from two reactors, amounting to be-
tween 8 and 10 TWh/year, could be made
good without requiring new production
resources. Here it is assumed that the
electrical energy consumption does not
exceed the level of 1987 and that the
peak load demand is considerably
reduced compared with 1987. This will
probably be achieved by a small in-
crease in the price of electricity.
However, the report emphasises that
the power industry should plan for ways
of compensating for the loss of nuclear
generating capacity. The main means of
providing such alternative capacity is
through the use of coal-fired power
stations, although the report provides
no indications of whether cold condens-
ing generating capacity or combined
heat and power capacity would be more
suitable. Further analysis of economics
and environmental impact is needed.

The Two-Reactor Report does not
indicate which two reactor blocks
should be taken out of service first. The
investigation has studied the economic
effects of the loss of various combina-
tions of the oldest units (Oskarshamn [
and 2, Barsebick 1 and 2 and Ringhals 1
and 2), and also the effect that the loss of
generating capacity would have on the
regional supply of electricity.

In its response to the report, the
power industry advises against shutting
down a couple of reactors as early as the
middle of the 1990s, unless safety



reasons so dictate. Against the back-
ground of the expected real develop-
ment, and for other reasons, the indu-
stry questions the Administration’s
assessment of the feasibility of restric-
ting the rate of growth of use of electri-
city. Even if the Administration’s fore-
cast turns out to be correct, the power
industry feels that new power stations
must be built to replace the reactors that
have been shut down if security of
supply isto be assured. Publiceconomic
and environmental considerations indi-
cate that shutdown should be as close to
2010 as possible. Bringing forward this
date can also result in a personnel situa-
tion that would lead to reduced security
of supply during the twenty years that
nevertheless still remain for nuclear
power generation.

A number of other investigations,
forming part of the process of prepara-
tion for the phasing-out of nuclear power
generation, have also been started or
concluded during the year.

The ELIN investigation into electri-
city and indigenous fuels has published
its final report entitled "Statistics and
Forecasts for the Energy Sector” (SOU
1987:65).

In the field of energy and the envi-
ronment, the "Safety of Dams and pro-
tection against Flooding” report (SOU
1987:32) has also been published.

The Electricity Use Commission
report, "Electricity Conservation during
the 1990s” (SOU 1987:68 and 1987:69),
has been submitted to the Minister of
Energy and the Environment. The report
claims that users, distributors and
producers of electricity should engage
themselves more actively than hitherto
in conservation of electricity that is
profitable not just for individual users or
organisations but also for the country as
a whole. This conservation should be
encouraged by such means as greater
incentives for electricity conservation
and substitution of electricity at con-
sumer level and by support for low-
electrical-energy  technology and
methods of substituting electricity, e.g.
for substitution of direct electric space
heating. Direct measures intended to
improve the efficiency of use of electri-
city in public organisations are also
proposed.

Another of the Commission’s propo-
sals is that suppliers of cabled or piped
energy carriers should be required to
negotiate tariffs and energy conserva-
tion measures with groups of subscri-
bers, known as subscriber councils.

The Government has asked the
Swedish Council for Building Research

to prepare a proposal for a plan for a
future research and development work
within the sector of "Efficient Use of
Electricity - Efficient Buildings”.

The National Energy Administra-
tion has been asked by the Government
to prepare a detailed crisis situation
supply plan and an action programme
intended to improve readiness to act in
the event of a crisis situation in the
energy sector.

The cold winter of 1986/87 prompted
the Government to ask the National
Energy Administration to investigate
what needs to be done to avoid extreme
system load peaks. The Administration
is also investigating the risks of a general
shortage of energy occurring. Presenta-
tion will be in the form of an annual
review of the current situation, pub-
lished on 1st October each year.

The Government proposes to put
forward a new energy policy bill in the
spring of 1988, containing more detailed
plans for restructuring the national
energy system, based on the Two-
Reactor Report, the report of the Electri-
city Use Commission and on other
material.

The tax on petrol and the energy tax
on oil were increased on 1st July 1987.
The tax on oil was raised by SEK 50/m?
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Kraftvarmeverk i liten skala (4 MWel, 12 MW
varme) i Hallsberg.

A small thermal power plant in Hallsberg (4
MWel, 12 MW thermal).

to SEK 660/m’, although only SEK 20 of
the additional tax will be borne by
consumers. Petrol tax rose by 20 ore/l
for unleaded petrol and by 24 6re/l for
leaded petrol, of which 10 6re and 14 6re
respectively will be passed on to consu-
mers. The new rates increased the taxa-
tion differential between leaded and
unleaded petrol from 16 6re/l to 20 ore/l.

The use of petrol and LPG for
production of town gas will not be liable
to taxation in future.

On behalf of the Government, the
National Energy Administration has
investigated the use of interruptible
supply electric boilers after 1987. The
Administration proposes that the use of
such boilers continues to be exempt
from taxation for the time being, and
thatthe previousrequirementforacertain
number of qualifying days be removed.

The Government has fixed the
nuclear waste treatment levy at 1.9 6re/
kWhofelectricity supplied from nuclear
power stations during 1987. The
Nuclear Fuels Board has proposed that
the levy remain unaltered for 1988.



The use of electricity

Total use of electricity in Sweden, in-
cluding transmission and distribution
losses, amounted to 138.0 TWh during
1987, representing an increase of 9.0
TWh, or 7%, over the preceding year.
Between 1985 and 1986, use fell by 1%,
which should be compared with the
increases of almost 10% from 1983 to
1984 and from 1984 to 1985.

Ofthe totaluse, 5.4 TWh (2.3 TWhin
1986) consisted of supplies to interrup-
tible electric boilers. Primary electricity
use in the country therefore amounted
to 132.6 TWh, which was 5.9 TWh, or
4.6% higher than in 1986. Between 1985
and 1986, use other than for electric
boilers increased by 1%. The cold winter
at the beginning of 1987 and high indu-
strial output account for the greater rate
of increase during 1987.

After conversion to statistically
average temperature conditions and
average trade balance, the following
values emerge for primary use of electri-

city:

1984-85 + 6.5 TWh (+ 6%)
1985-86  + 3.5 TWh (+ 3%)
1986-86  + 5.0 TWh (+4%)

Use of electricity in industry in 1987
amounted to 50.8 TWh, which was 3.1
TWh (6%) higher than in 1986. Between
1985 and 1986, use of electricity in
industry had fallen by 2%.

Of the total use of electricity in
industry, 1.4 TWh was in the form of
supplies to interruptible electric boilers.
Allowance for electric boilers the in-
crease in use was 5%.

Compared with 1986, the greatest
sectorincreases in use were noted by the
food industry and the pulp and paper
industry (about 10%). The chemical,
mechanical engineering and agricul-
tural products industries also increased
their uses during 1987. The iron and
steel industry, however, experienced an
unchanged level in use of electricity.

Use of electrical energy by railways
and tramways remained essentially
unchanged relative to 1986 at 2.6 TWh.

Use of electricity within the residen-
tial, service and heating plants etc.
sector amounted to 73.3 TWh, of which
4.0 TWh was used by interruptible
electric boilers. In comparison with
1986, this represents an increase in total
use within the sector of 5.2 TWh, or 8%.
Supply of energy to electric boilers
increased by 2.3 TWh.

Exports of electrical energy during
the year amounted to 6.2 TWh, which is
0.3 TWh less than in 1986. Power inter-
change with neighbouring countries
resulted in a substantial export surplus

of 4.0 TWh. A considerable quantity of
power had also been exported during
1986, amounting then to a surplus of 4.6
TWh

The very wet summerand autumn of
1987 made it possible to export con-
siderable quantities of power. Denmark
used this purchased power to reduce its
fossil power production. Power was also
exported to Finland in the middle of the
summer, and during the summer and
autumn also to Norway, where the water
situation had not been so favourable.

Maximum demand occurred be-
tween 8 and 9 AM on 12th January, and
amounted to 26.2 GWh, the highest
value ever noted in Sweden. The geo-
graphically weighted mean temperature
for the purposes of determining elect-
rical load was -22.2°C at 7 AM, which
was 17.5 degrees colder than the statisti-
cally average value.

Electricity supply

Afterallowance for the power plants’
own use, power production in Sweden
amounted toa total of142.0 TWh during
1987, or8.4 TWh (6%) more than in 1986.
Hydro power production amounted to
71.0 TWh, representing an increase of
11.2 TWh (19%) over the relatively low
value during 1986. A statistically aver-
age year’s production is 62.4 TWh.

The storage level all regulation reser-
voirs amounted to about 71% at the
beginning of the year and 78% at the
end, equivalent to a stored energy quan-
tity of 26 TWh. Maximum levels were
reached in the middle of October,
amounting to 97% full, which was about
17 percentage points above the mean
level. Throughout the second half of the
year, reservoir levels were at their highest
for ten years. Annual inflow exceeded
the 30-year mean value for1950-1980 by
no less than 33%. The spring flood was
somewhat higher than normal, while
inflow during the summer and autumn
were extremely high.

Power production from nuclear plants
amounted to 64.4 TWh during the year.
The reduction relative to 1986 of 2.5
TWh (4%) was due to the large quanti-
ties of water available in the rivers during
the year. Nuclear power accounted for
about45% ofthe country’s total produc-
tion of electrical energy.

From an operational point of view,
1987 was a very good year for the
Swedish nuclear power industry - as
good as 1985, which was the previously
best year. All targets for production
costs and safety were exceeded, and
very few forced outages occurred. Mean
energy availability was 87%, which can
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be compared with a world-wide average
of 70% for light water reactors. The
highest energy availability of Swedish
reactors was noted by Forsmark 1 with a
figure of 94%.

Back-pressure power production
amounted to 6.0 TWh, which was 0.2
TWh (3%) less than in 1986. Production
in condensing plant, gas turbines etc.
amounted to 0.6 TWh, in comparison
with 0.7 TWh during the previous year.

Fossil fuel power accounted for just
under 5% of the country’s total produc-
tion in 1987, unchanged from the
previous year.

Electrical energy imports during
1987 amounted to 2.2 TWh. During
1986, 1.8 TWh had been imported from
neighbouring countries.

Installed capacity in hydro power
stations increased by 224 MW during
the year. The largest new units were
Kymmen (55 MW) on the Nors river,
Vargfors (62 MW) on the Skellefte river
and Porsi (95 MW) on the Lule river.

During the year, rebuilding of Fors-
mark 3 resulted in an increase in capa-
city of 24 MW. The capacity of the
Oskarshamn power station has been
increased by a total of 15 MW. Total net
output capacity of the Swedish nuclear
power stations amounted to 9 675 MW
at the end of the year.

A small coal-fired combined heat
and power station was commissioned in
Hallsberg during the year. Electrical
output amounts to 4 MW, and the
station is the first of series of small-scale
thermal power production units.

The national grid and
international links

Agreement was reached during the
year on construction of an HVDC link
between Forsmark in Sweden and
Raumo in Finland, in the form of a 200
km submarine cable with water return.
This will be the longest HVDC cable
link anywhere in the world. Rated datais
400 kV and 500 MW, which are also
higher values than have previously been
employed in DC cable links. The link is
intended to be used for both permanent
and temporary power interchange
between the two countries.

The plans to replace five of the six
220 kV lines from north to central
Sweden with two 400 kV lines have
meant that it must be possible to run a
400 kV overhead line in a clearway origi-
nally intended for a 220 kV line, and to
reduce the magnetic field strength at
ground level. The Swedish State Power
Board has therefore developed existing



pylon designs and also developed a new
pylon inwhich the phases are supported
in triangular formation. This new T-
pylon needs only a 24 m wide clearway,
as opposed to 40 m as needed by earlier
designs. The symmetrical arrangement
of the conductors also results in areduc-

tion of magnetic field strength at ground
level.

Electricity prices

The Swedish State Power Board has
a current five-year contract period for
high-voltage subscribers, running from
1984 to 1988, while the South Swedish
Power Company has applied one-year
contracts during 1987. Swedish State
Power Board customers have had
largely the same tariffs during 1987 as
during 1986, while prices to South
Swedish Power Company’s customers
have increased by an average of 2.5%.

Prices charged by other power compa-
nies have been similar. Inflation during
the year was 5%.

The Swedish State Power Board’s
low-voltage tariffs were raised by 3% on
January Ist 1987, with a corresponding
increase of 3.5% from the South Swedish
Power Company.

Energy tax during 1987 was 5 ore/
kWh for industry, and 7.2 dre/kWh for
other customers, except in certain parts
of northern Sweden where it is reduced

to 6.2 dre/kWh. The Government may
grant special dispensations, based on
individual consideration from case to
case, reducing energy tax on electricity,
fuel oils and solid fuels used in certain
industrial processes to a value equiva-
lent to 1.7% of the sales value of the
manufactured products. Supplies of
electricity to interruptible electric boilers
have been exempt from tax in 1987
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during times at which it has not been
necessary to produce electricity in oil-
fired power stations.

Foto: Bengt Johansson
400 kV kraftledningar vid Porjus.

400 kV lines in Porjus.
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General

the electricity consumption in

the Nordic countries varies signifi-

cantly overayear,a week and a 24-
hour period. Over the period of one year,
peak loads occur during the day on cold
winter days, when industrial production
is in full swing and the space heating
demand is a maximum. Since electricity
must be produced at the same time as it
is consumed, sufficient capacity, i.e.
power, must then be available to meet
the peak loads. The electricity demand
must also be met during other periods of
the year, which demands sufficient
resources in the generation system. An
adequate amount of energy must there-
fore be available in the form of water for
driving the hydro stations and in the
form of fuel for driving the thermal
power stations. In addition to the
demands made on the generation
system, the transmission system must
also have adequate capacity and availa-
bility.

The planning of a power system
must begin with a forecast of the electri-
city demand in the more distant future.
The time elapsed between the power
utility’s decision to build a plant and the
actual plant commissioning date is long,
often as much as 10 years or more. Long-
term forecasts are therefore essential.
But an unavoidable fact is that the relia-
bility of an electricity demand forecast is
inversely proportional to the time horizon
of the forecast.

When rating a power system, consi-
deration must be given to the faults that
can be expected to occur in the various
plants included in the system. Expe-
rience has demonstrated that, sooner or
later, every section of the plant will
develop a fault that will make the plant
incapable, for a longer orshorter period,
of generating or transmitting electricity.
A fault of this nature is termed an
“outage” in this article. Various mea-
sures are taken to restrict, as far as
possible, the number of such outages
and their consequences. To ensure the
best possible reliability of supply in the
event of outages in the generation
system, the installed capacity must be
higher than the power demand, i.e. a
certain reserve capacity must be avai-
lable. The magnitude of this reserve
capacity is determined on the basis of
economic considerations, in which the
cost of increasing the capacity is related
to the cost of an outage and the resulting
electric power supply restrictions.

In the operating stage, the reliability
and security of supply are determined

by the available generation and trans-
mission capacities, and by the power
demand at that particular time. If the
actual power demand is higher than
forecast, the risk of disturbances and
rationing will increase, whereas a lower
electric power demand has the opposite
effect. The risk of disturbances in the
electric power supply will also increase
if the generation plant and grid exten-
sions are delayed in relation to the plans
- a situation which is increasingly
common today.

Background
to the Nordel studies

The unusually cold spells in the
beginning of 1985 and 1987 placed
heavy demands on the interconnected
Nordel system. But due to the very high
availability of the generation plant and
transmission systems, power supplies
remained unaffected, even though they
were backed by very small reserves.
However, the reserves were sufficient to
enable the interconnected Nordel
system to withstand the loss of an indivi-
dual generation unit or power transmis-
sion line. But more serious faults could
have led to failure of large parts of the
Nordel system and could then have
restricted supplies for several days.

The interconnected Nordel
system comprises the power
stations and high-voltage grids in
Denmark, Finland, Norway and
Sweden. The grids of these coun-
tries are connected by intercon-
necting links and are also of
uniform design. They can be
regarded as an electrically inte-
grated unit.

Iceland participates in the
Nordel work but, due to its
geographical location, is not inter-
connected with the other coun-
tries.

The total energy consumption in the
Nordic countries has declined substan-
tially. On the other hand, the consump-
tion of electrical energy is on the in-
crease in all Nordic countries, in spite of
the forceful conservation measures
adopted. Accordingto current forecasts,
the increase in electrical energy con-
sumption is expected to continue. (The
matter has been discussed in the Nordel
report entitled "Balance between elect-
rical and other energy”, 1986.) The
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reason for the increasing proportion of
electrical energy in the total energy con-
sumption is the widespread change-over
from various fuels to electric power. Elec-
tricpoweris considered by consumers to
be attractive because it is easy to control,
itis non-polluting and it is convenient. It
is conveniently available everywhere at
any time and does not need to be stored
by consumer. In industrial applications,
processes based on electric power are
often advantageous for product quality,
raw materials utilisation and environ-
mental reasons.

Due to the growing consumption of
electrical energy and the difficulties asso-
ciated with obtaining permission to build
new power stations and transmission
lines, the power and energy reserves in
the interconnected Nordel system are
on the decline. Although the design of
the interconnected Nordic power system
has so far been based on energy conside-
rations, experience from the cold spells
in 1985 and 1987 has shown that the
power balance is beginning to show
signs of strain. One contributory cause
to this is increasing heat-load which is
depending on the temperature. It was
also found that large areas (the Nordic
countries and Western Europe) can
suffer long cold spells simultaneously,
which givesrise torecord peaksinelectri-
city consumption.

The opportunities available for
meeting a certain electricity de-
mand presuppose that sufficient
power (generation capacity) and
energy (water and fuel) are always
available.

If a power generation system is
rated to meet the power demand
under peak load conditions and
thus also to meet the energy
demand, the system is said to be
rated for power. This is normally
the case if the system is based
purely on thermal power.

If a power generation system is
rated to meet the energy demand
and thus also to meet the power
demand, the system is said to be
rated for energy. This is normally
the case if the system is based
purely on hydro power.

However, generation systems usually
comprise combinations of thermal and
hydro power plants. The system may then
be either rated for power or rated for
energy, depending on the rating principle
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Figure 1. Break-down of the Nordel system into
sub-systems.

that dominates. In the interconnected
Nordel system, Denmark is rated for
power, whereas Norway is rated for
energy. Finland and Sweden are at some
intermediate stage, since both the
power balance and the energy balance
must be taken into account in the plan-
ning of the electrical system.

Small power reserves even in 1995

Electricity consumption and generation
plant expansions

Studies have been undertaken of the
peak load conditions in the winter at the
beginning of 1985 and 1987 (actual
values) and in 1990 and 1995 (forecasts).
Source data for the studies has been
obtained from the power utilities in each
country, and the data has then been
processed by Nordel.

In these calculations the intercon-
nected Nordel system and the intercon-
nections with the power systems in the
U.S8.S.R. and West Germany have been
broken down into areas shown schema-
tically in Figure 1.

The limitations in the transmission
capacity on the interconnecting links
between the countries have been taken
into account, and so have the capacities

of the transmission networks within the
countries. Sweden has been considered
as being divided into sub-systems. In
some calculations, Norway has also
been considered as being divided into
sub-systems, in order to study the trans-
mission limitations within the country.

Since the electrical system on
Zealand and other islands is not directly
connected to the electrical system on
Jutland and Funen, the power balance
for Denmark is considered as being
divided into one sub-area east of the
Great Belt (ELKRAFT) and another
sub-area west of the Great Belt
(ELSAM).

The day-to-day cooperation at
Nordel is aimed at achieving the best
possible utilisation of the available
resources, while maintaining the relia-
bility in all sub-areas at an acceptable
level. This leads to the transmission of
significant quantities of electrical
energy between the Nordic countries at
all times. Some of this transmission
consists of contracted interchanges and
some is of a temporary nature. The latter
is dependent on the power situation
prevailing at any particular time.

Since the magnitude of future
temporary power interchanges cannot
be predicted, we have chosen to assume
that they will be zero. However, such
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interchanges will actually continue in
the future, in order to reduce the genera-
tion costs and to minimise the risk of
restrictions in the supply.

Evenifit were technically possible, it
is not economically feasible to eliminate
entirely the risk of power shortages.
Each country has set up rules for the
shortage risk which is acceptable under
given conditions, and the power
reserves in the country have been rated
accordingly. This is done by taking into
account the results of a Nordel study
concerning the rating of the reserve
capacity, as reported in 1975. This study
resulted ina Nordel recommendation to
the power utilities in the Nordic count-
ries to "apply the overall economics
approach in the rating of the reserve
power capacity, whereby the cost of
installing additional power and any new
interconnecting links are weighed
against the cost of energy that cannot be
delivered due to a shortage of power”.

For the stages that were studied,
information was compiled on the
electric power demand and the installed
power in each sub-system and on the
interconnected Nordel system. The
studies for the 1985 and 1987 stages
where carried out for the hours during
which the power demand on the inter-
connected Nordel system was a
maximum. In 19835, this occurred on the
18 February between 08.00 and 09.00
hours, and in 1987, on the 12 January,
between 08.00 and 09.00 hours (central
European time). The mean hourly
values are reported. The objectives for
the 1990 and 1995 forecast stages was to
obtain hourly mean values correspond-
ing to the conditions prevailing in
extremey cold weather. It should be
noted that the peak value during the
hour is higher than the mean value. The
method employed for reporting the
power balance therefore underesti-
mates somewhat the seriousness of the
conditions occurring. For the stages
studied, the historical values were
reported for the peak-load hoursin 1987,
agg the forecast values for 1990 and
1995.

The rate of increase of electric power
demand was substantial between 1985
and 1987. For the Nordel system as a
whole, the difference between the peak
load values on the 18 February 1985 and
the 12 January 1987 corresponds to
more than 5% annually. The rate of
increase in electric power demand is
expected to decline in the future, parti-
culary during the period between 1990
and 1995. This reduction in the rate of
increase in electric power demand is



expected to be achieved by forceful
electrical energy conservation measures
and also by saving power by the intro-
duction of time-related tariffs. However,
it must be borne in mind that the
expected saving may be completely
upset by substantial increases in the
price of oil, which would switch a larger
proportion of the total energy consump-
tion onto the electric power sector. The
accuracy of the electric power forecasts
is also highly dependent on changes in
the general business climate and indu-
strial development.

The installed capacity betwen the
peak load hours in 1985 and 1987
increased by more than 3.5% annually,
which is lower than the rate of increase
of electric power demand. This trend is
expected to continue during the next
few years. However, there is some hope
that, during the period between 1990
and 1995, the installed capacity will
increase somewhat faster than the
power demand. It can be determined
that the annual rate of increase in electri-
city consumption between 1985 and
1990 will be 3.8%, whereas the average
annual increase in installed capacity will
be only 2.3%. The forecasts for the
period between 1990 and 1995 extend
the promise of an improvement, since
the installed capacity is expected to
increase at the rate of 1.3% unnually,
whereas conservation measures are
expected to restrict the rate of increase
in electricity consumption to an average
of 1.0% annually.

Considering the entire period
between 1985 and 1995, the reserves will
still decrease, since the rate of increase
in electricity consumption is 2.4%
annually, as compared to an annual
increase of 1.8% in the installed capacity.
However, it must be emphasised that
developments during the forecast stages
are highly uncertain in terms of electric
power demand and installed capacity.
Minor variations in relation to the
assumed conditions may have major
consequences in terms of power
balance and particularly the reserve
power capacity.

Work is already in progress on the
expansions in the generation and distri-
bution network capacities that will be
commissioned during the next few
years, and no other expansions can be
implemented before the end of the
decade. Neither can significant savings
be achieved beyond those already
assumed in the planning.
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Figure 2. Rate of increase in electricity consump-
tion and installed capacity.

The above underscores the
importance of achieving the
targets set for the period between
1990 and 1995 as regards the
expansions in the generation and
transmission network capacities as
well as the electrical energy
conservation measures.

Power balances

The fundamentals ofa power balance
are described in Figure 3. The left-hand
bar represents the installed capacity,
and the proportion of the installed capa-
city that may be unavailable, for a
variety of reasons, for meeting the
power demand. The right-hand bar illu-
strates the electric power demand and
the proportion of the demand that can

& Installed  Electricity
capacity consumption
Unavailable
capacity
Can not be
supplied
Outages
Spinning:
reserve
Can bae;.i
Contingenc supplie
reservqa' ¥ with reduced
reliabifity
Generation Can be
at the pre- supplied at
determined the prede—
shortage termined
fnsk ______ - ————— shortage risk

Figure 3. Fundamental description of power
balance.

be met, with different degrees of reliabi-
lity, or that may not be met fora number
of reasons.

A certain proportion of the installed
capacity is unavailable or is shut down
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due to outages. Moreover, a certain
minimum spinning reserve must be
available in the generation system for
covering temporary variations in the
electric power demand and is also a safe-
guard to ensure that the next distur-
bance will not lead to an interruption in
the electric power supply. In addition to
the generation capacity necessary to
meet the current power demand, a
certain amount of additional reserve is
necessary for meeting probable events.
Under the operating conditions at the
stages that were studied, this was a
reserve that was available for meeting
additional outages. In the forecast
stages, this reserve also provides a
margin for covering the uncertainty of
the predicted power demand. This is
shown in the figure as the contingency
reserve.

For the historical operating condi-
tions, the actual outages are reported.
But the generation capacity which will
beaffected by outages cannot bereliably
predicted for the forecast stages. How-
ever, an expected loss of generation can
be calculated on the basis of past expe-
rience. It is this expected value which
has been calculated and is reported.

Under the historical operating con-
ditions, the transmission network
remained basically intact. The network
is also assumed to be intact for the fore-
cast stages. But the possibilities of
outages in the transmission network
must be taken into account, and such
outages may reduce the contingency
reserve.

Situations may occur in which
one sub-system has a shortage of
power, even though power reserve
is available in another sub-system.
Such situations arise as a result of
limitations in the transmission
capacity on the grid. This may be
the case, for instance, in the trans-
mission of power from the hydro
power areas in northern Sweden
and western Norway to the major
consumer areas, and in the trans-
mission of power on the intercon-
necting links between the count-
ries.

In a system which is geographically
as widespread as the Nordic system, the
transmission capacity is relatively
expensive. As a result, the balance
between the availability of new genera-
tion and new transmission lines must be
based on economic criteria. Economic



UNAVAILABLE 18 Feb. 12 Jan. Forecast  Forecast
CAPACITY, MW 1985 1987 for1990  for 1995
LIMITATIONS

excl. transmission network limitations and outages

ELKRAFT 200 402 200 300
ELSAM 712 617 400 750
Finland 1483 1483 1400 1200
Norway 1850 3080 2350 3600
Sweden 2852 2915 1900 1600
Nordel as a whole 7097 8497 6250 7450
TRANSMISSION NETWORK LIMITATIONS _
Norway 0 700 0 0
Sweden 654 1282 1600 800
TOTAL

excl. outages 7751 10479 7850 8250
OUTAGES \

Hydro power 898 732 400* 700*
Thermal power 664 1403 2800* 2950*
TOTAL i il
unavailable capacity 9313 12614 11050 11900

*) Expected values for outages

Figure 4. Summary of unavailable power.

considerations may thus restrict the
transmission capacity between different
areas. Figure 4 shows the actual and
forecast values of unavailable power.

In addition to outages, 8000-10000
MW of the installed power on the
Nordel system is unavailable. Although
these values may appear to be high at
first sight, closer study will reveal that
they are perfectly natural values in a
system as large as the interconnected
Nordel system. The values are also
largely unavoidable.

In the case of hydro power, for
instance, the unavailability may be due
to the fact that certain water flow and
water level conditions have been stipu-
lated to satisfy ecological or environ-
mental considerations. These restric-
tions make it impossible to utilise fully
the installed capacity under peak load
conditions.

In the case of thermal power, certain
older oil-fired plants may no longer be
manned, since they do not satisfy
today’s environmental demands or the
need to conserve imported fuels.
Another reason for unavailability of
power is that, in certain plants for
combined heat and power generation,
the generation capacity is significantly
reduced when the heat demand is high.
Moreover, the appreciable back-pres-
sure capacity in industry cannot be fully
utilised at the present time, since
process modifications have reduced the
heat demand.

The results of the studies for the
various stages are shown in the form of
the bar chart in Figure 5. The values
shown are for the entire system at a
giventime. Asageneral rule, mostofthe
reserve power is located in Norway and
in northern Sweden, i.e. in hydro power
areas. Only a minor proportion of the
reserve is sited in the parts of the system
dominated by thermal power. The capa-
city of the transmission network allows
only a limited additional amount of
transmission from hydro power areas to
thermal power areas.

Limited risk of energy shortages

General review of energy balances

Itis only during recent years that the
need has arisen for taking into account
the power balance situation when consi-
dering the reliability of supply on the
interconnected Nordel system. In the
past, the reliability of supply was largely
determined by the availability of energy.
This is due to the previous even more
dominant position of hydro powerin the
system.

However, the proportion of hydro
power in the Nordel system is still signi-
ficant, and it is therefore important to
take into account the energy balance. At
the end of 1987, the total installed hydro
power in the interconnected system was
approximately 43900 MW, which
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The available power also includes contracted power
exchanges with the U.S.S.R. and West Germany.

Figure 5. Power balances for the intercon-
nected Nordel system,

Key:

Unavailable = Unavailable power,
excluding outages.

Outages = Unavailable power due to
outages (historical stages) and ex-
pected values of outages (forecast
stages).

Spinning reserve = The required
stand-by power that must be avai-
lable instantaneously to meet
sudden disturbances and sudden
increases of electricity demand.
Reserve = Total reserve power that
was available during the historical
stages for meeting additional
outages. For the forecast stages, this
reserve also represents a margin for
contingencies, such as uncertainty of
the forecast power demand. Note
that, due to transmission network
limitations, most of this power is not
available in an individual system.
Power demand = Actual or forecast
power demand (one-hour mean
value), excluding temporary power
for electric boilers.

The magnitude of the power
specified as "Reserve” (see the Key
above) is directly dependent on the
magnitude of the outages, agree-
ment between actual and forecast
power demand, etc. Figure 6 shows
the summated power reserve in per
cent of the power demand.
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corresponds to 55% of the total installed
capacity. It is obviously of vital impor-
tance to take into account the variations
in the water available from year to year.
The hydro power generation capacity
during a year with average availability of
water is around 180 TWh (billion kWh).
During an extremely wet year, which is
defined as the year with the highest
precipitation in a 30-year series, the
availability of water may be about 25%
higher than average. In a corresponding
manner, during an extremely dry year,
the availability of water may be around
25% lower than average. This variation
in precipitation results in great variation
in hydro power generation between
different years.

The variation in the annual
energy generation by hydro power
plants from one year to the next
may bearound 75 TWh. This varia-
tion is at the same magnitude as
the present electric energy
consumption in Denmark and
Finland.

As in the case of electric power, a
certain proportion of the theoretically
available electrical energy may also
sometimes be unavailable for various
reasons. At certain times, the maximum
attainable generation exceeds the
demand and cannot be utilised. In the
case of hydro power, the water reservoirs
provide opportunities for shifting the
energy generation to different times
within a 24-hour period, within a week
and also within the year. Certain water
reservoirs (long-term reservoirs) can also
be utilised for energy transfer between
different years and are thus of particu-
larly great importance for boosting the
hydro energy generation during dry
years.

Energy balances have been drawn
up for the 1990 and 1995 stages. The
theoretically available energy gene-
ration is calculated as the maximum
generation in all thermal power units
considering limitations due to outages
and maintenance. Inreality all this gene-
ration can not be utilized as the gene-
ration in each moment has to be the
same as the consumption. During the
summer-period and during nights and
holidays the consumption is low, and
thus the theoretically available genera-
tion can not be utilized. The practically
maximum energy generation is signifi-
cantly lower than the theoretically avai-
lable energy generation. In the case of
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Figure 6. Summated power reserve in per cent of

the power demand*).

*) It should be noted that, in addition to the indi-
cated uncertainty as regards the magnitude of
the outages at the forecast stages, there are
other uncertainties, such as the forecast power
demand.

hydro power, an average year as well as
extremely wet and extremely dry years
were studied.

The 1990 stage

The results for the interconnected
Nordel system are shown in Figure 7. In
addition to the energy generation capa-
city for the three typical years studied,
the chart also shows the forecast energy
consumption, excluding temporary
power to electric boilers.

In an average year, the prime elect-
rical energy consumption in the Nordel
system is about 60 TWh lower than the
theoretically maximum generation
capacity. Inaddition to the prime energy
consumption, the deliveries to electric
boilers are around 5 TWh. The remai-
ning margin in the energy generation
capacity is primarily the oil-fired genera-
tion capacity in Denmark and Sweden.

During a wet year, the theoretically
surplus increases by about40 TWh. Toa
certain extent, this can be utilised to
reduce the fossil-fired generation and,
moreover, for filling the long-term reser-
voirs for hydro power. During a wet year
the hydro power generation will
increase such that it will significantly
reduce the possible thermal power
generation during the summer and
autumn. The hydro power generation
will furthermore be lower than what
corresponds to the total inflow because
of the fact that maximum discharge is
normally lower. Due to limited storage
capacity and/or big local inflow

Theoretically
maximum production
TWh -~ o Wet
* e
Average
400  Yex %
Dry
o= (i
350 E cﬂmﬂcm
IR
oo |} 3
1
250 J =
2004
150
100 4
50 |
o

Figure 7. The 1990 stage. Energy balance for the
interconnected Nordel system.

between long term storage and hydro
power station spillage will normally
occur.

The dry year is the most interest-
ing of the typical years because of the
significant shortfall of generation in the
hydropower dominated Norwegian
power system. It is obviously not
possible to compensate the shortfall by
imports from the neighbouring count-
ries of their unutilized thermal power.
During the summer period importation
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possibilities will be greatly limited
because the low load will mainly be
supplied by the minimum hydro power
generation. During winterperiod the
importation possibilities will be limited
by the available capacity of the intercon-
necting links.

In spite of adequate energy availa-
bility in the Nordel system as a
whole, difficult dry-year situations
may lead to supply restrictions in
Norway. This is due to the fact that
the electric power consumption in
Norway during the summer mon-
ths is largely covered by a mini-
mum generation of hydro power
and that the import facillities
during the winter months are rest-
ricted by the transmission capacity
of the interconnecting links.

The 1995 stage

The results of the energy balance
studies for the 1995 stage agree very
closely with the results for the 1990
stage. However, due to the higher
electric power demand, the theoreti-
cally energy margin will be about 10
TWh lower. During an average year, the
electrical energy consumption will
therefore be about 50 TWh lower than
the maximum generation capacity. As
at the 1990 stage, this theoretically
surplus increases by about 40 TWh
during a wet year. During a dry year, the
generation capacity on the intercon-
nected Nordel system is a total of about
20 TWh higher than the forecast energy
consumption. Like the situation for
1990 the possibillities to import power
to Norway during the summer-period
are limited by the fact that the consump-
tion in Norway mainly is supplied by the
minimum generation in the Norwegian
hydro-power. During the winter-period
the limited capacity of the interconnec-
tions will limit the importation possibili-
ties. In Norway restrictions in the power
deliveries are probable during extre-
mely dry years.

Conclusions

The studies indicate that there is
little risk of energy shortages on the
Nordel system as a whole. But supply
restrictions in Norway during extremely
dry vears may nevertheless occur.

As regards the power situation, the
studies indicate shrinking margins
between the available generation capa-
city and the power demand. During the



period between 1985 and 1990, the
electric power demand will increase
more rapidly than the growth in genera-
tion capacity. A certain improvementin
the power balance is descernible during
the period between 1990 and 1995,
although not to such an extent that an
improved power balance will be
achieved for the entire period between
1985 and 1995. It is also important to
note that the improvement between
1990 and 1995 presupposes
- that the energy conservation mea-
sures will produce the expected
results
- that the expected expansions in the
generation capacity will not be delayed
The article pointed out that the
power and energy balance situations
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are both affected by the capacities of
the interconnecting links and the
internal transmission system. But the
conditions for determining the need
for transmission capacities vary
depending on whether power or
energy is considered. Transmission
capacity for power must be available
instantaneously when power peaks
occur. In the case of energy, a shorter
orlongertime can betakentotransmit
a given amount of energy.

The growing power capacity pro-
blems demonstrate a new situation for
the interconnected Nordel system. In
order to meet this new situation, data is
being collected and methods are being
developed for more detailed analyses of
the power balance. The objective is to

ensure best possible utilisation of the
resources at the prevailing operating
conditions. Detailed power balance
analysis are made before the peak-load
period each winter. Work will also be
initiated to determine the measures that
are technically feasible and economi-
cally justifiable for reducing the values
of unavailable power. The transmission
network expansions will also be sub-
jected to such studies.

Foto: Juhani Eskelinen

220 KV farbindelsen fran Vajukoskii Finland
till Varangerbotn i Norge berdknas bli fardig
sommaren 1988.

The 220 kV from Vajukoski, Finland, to
Varangerbotn, Norway, is expected to be
completed in summer 1988.
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Definisjoner
1 Nordels definisjoner har de anvendte
utrykk felgende betydning:

Installert maskineffekt i en kraftstasjon
angis i MW og er sum nominell effekt for
de enkelte aggregater.

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

Elproduksjon angis i GWh og er den
produksjon som vedkommende land
oppegir i sin offisielle statistikk.

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

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

Bruttoforbruk av elektrisk energi angis i
GWh og er summen av elproduksjon og
nettoimport.

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

Tap er differansen mellom bruttoforbruk
og nettoforbruk.

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

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

Magasininnhold ved et gitt tidspunkt
angis i GWh som den energimengde,
som kan produseres i de nedenforlig-
gende kraftverk av magasinets vanninn-
hold over lavest 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 orreceived by
the individual countries. Net imports is
the difference between import and
export.

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

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

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

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

Storage capacity of a reservoir is given in
GWhand is equivalent to the power that
is expected to be generated by all down-
stream power stations by full discharge
of the impounded water.
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Storage contents of a reservoir at certain
times is indicated in GWh as being the
quantity of energy which can be ex-
tracted from the water contents above
the lowest regulated water level at all
power stations below the reservoir.

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



Enheter

Effektenheter

kW = kilowatt

MW = megawatt=1000 kW

kVA = kilovoltampere

MVA = megavoltampere=1000 kVA
Energienheter

J = joule

kJ = kilojoule=0,24 kcal

TJ = terajoule=10'21=23.9 toe
PJ = petajoule=10%]

kWh = kilowattime=3600 kJ
MWh = megawattime=1000 kWh
GWh = gigawattime=1million kWh
TWh = terawattime=1000 GWh

= | milliard kWh
Mtoe = 1 million toe-olje ekvivalent
tilsvarer 11,63 TWh
Symboler
=~ Tilnermet verdi
- Verdi null
ee  Data ikke tilgjengelig eller
for usikkert a4 oppgi

@ Data kan ikke forekomme
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Units

Power Units

kW = kilowatt

MW = megawatt=1000 kW

kVA = kilovoltampere

MVA = megavoltampere=1000 kVA
Energy Units

J = joule

kJ = kilojoule=0.24 keal

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 = | million tons of oil
equivalentcorresponds to
11.63 TWh

Symbols

~ Approximate value

- Value zero

ee  Data not available

® Category not applicable



Installert effekt

Den totalt installerte effekt i Nordel-
landene okte i 1987 med 1281 MW til
80165 MW. Installert effekt i vannkraft-
stasjoner utgjorde ca. 56%. I Sverige og
Finland var det ved rets utgang instal-
lert 11985 MW kjernekraft.

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

Installed capacity

In 1987 the total net capacity in the
Nordel countries increased by 1281 MW
to 80165 MW. Of the total capacity 56%
consisted of hydro power. The nuclear

capacity was 11 985 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, while Sweden has
an equal amount of thermal and hydro
installations. In Finland thermal power
amounts to more than 3/4 of the
installed capacity.

Fig. S1 Installert effekt 31.12. 1987 og tilsvarende middelarsproduksjon for installert vannkraft og vindkraft
Installed capacity on Dec. 31, 1987 and corresponding avarage-year production by hydro power and wind power

Vannkraft, MW
Hydro power, MW

Middelarsproduksjon, GWh
Avarage-year hydro praduction, GWh

Vindkraft, MW
Wind power, MW

Middelarsproduksion, GWh
Avarage-year production, GWh

Varmekrafl, MW
Thermal power, MW

Derav MW
of which

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

mottrykk, industriell
back-pressure, industry

kondens, process
condensing, process

kondens, kieme
‘condensing, nuclear

kondens, konvensionell
condensing, conventional

gassturbin, diesel
gas furbine, diesel

Totalt installert effekt
Total installed capacity
1987 MW
1986 MW

Tilskudd i 1987, MW
Additions in 1987, MW

Tatt ut | 1987, MW
Retiraments in 1987, MW

Danmark Finland Island Norge Sverige Nordel
8 2603 782 25273 16001 44 637

20 12110 4200 106214 62514 185058
8" 0 0 0 5 13

16 0 0 0 10 26
8113 9382 170 314 175386 36515
384 1807 ® . 2531 4822
L1 1790 . 201 989 2980

. 120 ° 54 L] 174

. 2310 . . 9675 11985
74292 24359 19 24 2641 12548
300 820 151 35 1700 3006
8129 11985 922% 25587 33542 80165
8223 11956 a22% 24683 33100 78884
36 29 0 904 4424 1411
130 0 0 0 0 130

" Bare vindkraftaggregat som eies av krafiselskap.

Wind power owned by power companies only.

¥ Inkl. kondensturbiner med uttak for flernvanme.
Incl. condensing turbines with steam drawn for disfrict heating.

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

Y Tilskudd 271 MW, korreksjon av gamle oppgaver 171 MW,

Additions 271 MW, correction of earlier statistics 171 MW,
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Fig. S2 Nye aggregater i drift i 1987
New power plant capacity 1987

Kraftslag/
kraftstasjon
Power categary/plant

Danmark
Vannkraft
Hydra power

Vindkraft
Wind power

Konw. varmekraft
Cony, thermal power

Finland
Vannkraft
Hydra power

Konv. varmekraft
Conv. thermal power

Kjernekraft
Nuclear power

island
Vannkraft
Hydro power

Konv, varmekraft
Conv. thermal power

Norge
Vannkraft
Hydro power

Skarje/Holen 3
Alta

Kobbelv
Maddvik
Myster

Konv. varmekraft
Caonv. thermal power

Sverige

Vannkraft

Hydro power
Kymmen
Vargfors G2
Porsi G3

Vindkraft
Wind power

Konv. varmeakraftverk

Conv. thermal power

Kjernekraft
Nuclear power

Forsmark B2, effektakning
Increase in capacity
Oskarshamn B2, effektzkning
Increase In capacity
Oskarhamn B3, effektakning
Increase in capacity

! Bare for vann- og vindkraft. For den konv. varmekraften angis brenselslag.
(o =olje, k=kull, g = gass, t = torv, a = avfall)

Antal

aggr.
Number
of units

N—=Pro—

Nyinstallasjon i 1987
New units taken into operation

Ny
effekt
New
capacity

MW

942

29

904

150
160
300
100
107

224

55
85

39
24
<]

10

Only for hydra power-and wind power, For new conv. thermal power type of fuel is stated:

(o=uoil, k=coal, g = gas, t = peat, a = garbage, waste)
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Totalt 31.12. 1987

Total
Dkning av Tol. inst.
middelarsprod.” effekt
Increase in Total installed
average-year capacity
production
GWh MW
T 8
8 8
. 8113
80 2603
= 7072
= 2310
= 752
= 170
2962 25273
170 150
625 160
71 300
345 100
260 107
i 314
127 16001
58 55
0 136
20 270
== b
k 7861
. 9675
. 970
L 600
. 1070

Total middel-

arsprod.!

Total average-

year production”
GWh
20

16

12110

4200

106214

170
625
711
345
260

62514

58
403
1108

10

2 Tilskudd 36 MW, tatt ut 130 MW
Additions 36 MW, retirements 130 MW
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Fig S3 Besluttede storre kraftstasjoner

Decided larger power plants
Kraftslag/ Totalt inst. Middelars- Besluttet nyinstailasjon
kraftstasjon nettosfiekt prod.” Decided new plants
Power category/plant 31.12.87 3112.87
Aritall Ny Jkn. av Beregnet
Installed net Avarage- agar. effekt middelarsprod.) idrifissettelse
capacity year Numer of New Increase in Estimated
production” new units capacity  average commissioning
ear
;roduction”
MW GWh MW GWh
Danmark
Konv. varmekraft
Conventional thermal power I
Amagervaerket B3 256 k/o ] 250 /o 1989
Avederevasrket b = = 1 250 k/o 1990
Fynsveerket B7 537 k/a 1 390 ko 1991
Vestkraft B8 426 k/o 1 350 k/o 1992
Finland
Vannkraft
Hydro power
Tainionkoski 42 330 1 18 30 1989
Kokkosniva == B i 25 a0 1990
Konv. varmekraft
Conventional thermal power
Tampere 128 . 1 132 g 1988
Kouvola — = 1 41 5} 1988
Vantaa 67 ® i 68 g 1989
Kajaani - - = 3 62 1 1989
Hameenlinna 20 . 1 43 g 1989
Haapavesei A ° 1 150 t 1989
Kristiina 240 . 1 263 0 1989
Seinajoki — ° 1 109 t 1990
Espoo 82 . 1 44 g 1990
Helsinki — . 3 167 g 1990
Island
Vannkraft
Hydro power
Blanda = = 3 150 750 1991
Norge
Vannkraft
Hydra power
Nedre Nea — — 2 150 626 1987-88
Mel = e 1 50 170 1988
Dokka/Torpa i = 2 194 487 1988-90
Jostedal = = 2 270 870 1989-91
Stor-Glomfjord - — 4 600 1201 1994-2000
Sverige
Vannkraft
Hydro power
Gallejaur G2 115 626 1 101 0 1988
Sikfors 6 47 1 34 135 1989
Konv. varmekraft
Conventional thermal power
Vartan 433 o 2 128 k 1990
Kiernekraft, eftektakninger
Nuclear power, powar extensions
Barsebéck B2 585 ° i 15 - 1988
Ringhals B1 750 ° - 50 . 1988
Ringhals B2 800 ° = 50 @ 1989

I Bare for vannkraften. For den konv: varmekraften angis brenselslag
(o=olje, k= kull, g=gass, t = torv, a=aviall).
Only lor hydro power, For new conv. thermal power type of fuel is stated
(0 = oil, k =coal, g = gas, { = peal, a = garbage, waste).
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Det nordiske hayspentnettet

Sverige har forbindelser med Danmark,
Finland og Norge. Mellom Finland og
Norge er det bare ledninger for lokale
leveringer fra Norge til forbrukere i
Finland. Ved arets utgang var den totale
overforingskapasiteten fra Sverige ca.
4700 MW og til Sverige ca. 4300 MW.
Mellom Danmark (Jylland) og Norge
finnes en likestremsforbindelse med
overferingskapasitet 510 MW i begge
retninger. Syd-Jylland har 400, 220 og
60 kV forbindelser med Vest-Tyskland.
Mellom Finland og Sovjeter det en 1000
MW likestremsforbindelse. Dette er
den ferste hovednettforbindelse av
denne storrelsesorden mellom Sovjet

Fig. S4 Overforingsledninger
Transmission lines

400 kV
Tatt | drift
1987
Brought
into service
in 1987
km
Danmark 0
Finland 34
Island =
Norge a5
Sverige 92

og Vest-Europa. Fra for er det mindre
samkjeringsforbindelser mellom Norge
og Sovjet, og lokale forbindelser
mellom Finland og Sovjet. Island erikke
elekirisk sammenkoplet med de evrige
Nordellandene.

The grid system in the
Nordel countries

Sweden is connected to Denmark,
Finland and Norway. The latter two
countries are not interconnected except
for a few lines from Norway to Finland
for local consumption there. The total
capacity from Sweden was about 4 700
MW and to Sweden about 4 300 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 thereisa 1000 MW DC
link. This is the first main grid connec-
tion of this size between the Soviet
Union and Western Europe. Between
Finland and the Soviet Union and
between Norway and the Soviet Union
there has been a number of local inter-
connections for many years. Iceland is
not electrically connected to the rest of
the Nordel countries.

220, 300 kV 110, 132, 150 kV
| drift Tatt | drift | drift Tatt i drift | drift
3112.1987 1987 3112.1987 1987 31.12. 1987
In service Brought In service Brought In service
Dec. 31, 1987 into service Dec. 31,1987 ima service Dec. 31, 1987
in 1987 in 1987
km km km km km
g21" 0 223% 67 3496”
3259 1224 22744 300 13450
= 0 467 15 1343
1487 0 50982 L1 9450
9951 -349% 52467 Lid 14400

Y'Herav 321 km i drift med 150 kV og 48 km med 132 kV.
Of which 321 km in service with 150 kV and 48 km with 132 kV.

2 Herav 80 km | Danmark og 96 km i Sverige (Kontiskan), samt 89 km | Danmark og 151 km i Norge (Skagerrak) i drift med 250 kV likestrem
Of which 80 km in Denmark and 96 km in Sweden (Kontiskan) and 89 km in Denmark and 151 km in Norway (Skagerrak) in service with 250 kV DC.

% Herav 33 km i drift med 60 kV og 105 km med 50 kV.
Of which 33 km in service with 60 kV and 105 km with 50 kV.

122 km tatt | drift 1987 er inntil videre i drift med 110 kV.
122 km braught into service in 1987 are temporary in service with 110 kV.

5 Endringen i 1987 er riving av 100 km. Dessuten er det korrigert for riving av 248 km | 1986.
The change is 100 km taken out of service in 1987, and correction for 249 km taken out of service in 1986.
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Fig. S5. Nordels hayspentnett
The Nordel main grid
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Fig. S6 Samkjeringsforbindelser mellom Nordellandene
Interconnections between the Nordel countries

Land Stasjoner Nominell Overforingskapasitet Lengde Kabel
Countries Terminal stations spenning, kV  Transmission capacity Length Cable
Rated voltage
kv MW km km
Fra Til
Danmark Danmark
From To
Denmark Denmark
| drift:
In service:
ganmark— Tiele—Kristiansand +250= 510 510 240/pol 127/pol
orge
Fra Til
Sverige Sverige
From To
Sweden Sweden
Danmark— Teglstrupgard-Sofiero 132~ 350" 350" 23 10%
Sverige Hovegard-Helsingborg nr 1 400~ 700" 200" 91 8
Hovegard-Helsingborg nr 2 400~ 9 8
Vester Hassing-Goteborg 250~ 260 260 176 87,5
Hasle (Barnholm)-Borrby 60~ 60 60 476 433
Finland- Ossauskoski-Kalix 220~ 93
Sverige Petdjaskoski-Letsi 400~ 900 700 230
Keminmaa-Svartbyn - 400~ 134
Hellesby (Aland)-Skattbol k= 35 35 76,5 56
Norge- ‘Sernes-Tomehamn 132~ 200 500 39
Sverige Ritsem-Ofoten 400~ 58
Ressaga-Ajaure 220~ 260° 100%4) "7
Linnvasseh® 220/66~ 50 50 -
Nea-Jarpstrommen = 275~ 5007 500" 100
Lutufallet-Haljes 132~ 40 20 175
Eidskog-Charlottenberg 132 100 100 13
Hasle-Borgvik 400~ 11002 11007 106
Hasle-Trollhattan 400~ 135
Totalt 4718 4335
Besluttet: Fra Til
Decided: Sverige Sverige
From To
Sweden Sweden
Danmark— Vester Hassing-Lindome 285= 300 300 149 875
Sverige (nov. 1988) '
Finland- Raumo-Forsmark 400= 500 500 233 198
Sverige (dec 1989)
Fra Til
Norge Norge
From To
Norway Norway
Finland- Ivalo-Varangerbotn 220~ 50 50 228
Norge (hesten 1988)

'l Ogs4 ved parallell drift er total overferingskapasitet 700 MW i begge fetninger. Overteringskapasiteten er ofte hayere. Den er avhengig av
aktuell produksjonssituasjon og driftskopling.
At parallell operation of the interconnections the total transmission capacity amounts 1o 700 MW. The transmission capacity is often higher, 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 parallsll connected twa by two.

3 Av hensyn til ringdriften over flere samkjeringsfarbindelser Norge-Sverige og visse andre driftssituasjoner, kan dimensjonerende feiltilfelle
gl lavere overfaringskapasitet.
Transmission capacity is in some cases reduced by dimensioning fault case.

41100 MW gjelder ved maksimal produksjon i Gejméan-Ajaure-Gardikfors. Ved minimal produksjon i disse stasjoner og maksimalt 2560 MW
produksjonsoverskudd i Helgeland er overferingskapasiteten 200 MW.
100 MW with maximum production in Gejmén-Ajaure-Gardikiors. With minimum production in these stations and up 1o 250 MW surplus production in
Helgeland the transmission capacity is 200 MW.

5 Samkjeringsforbindelsen er en 220/66 kV transformator i den norsk-svenske kraftstasjonen i Linnvasseiv.
The interconnection consists of a 220/66 KV transformer in the Norwegian-Swedish power station i Linnvasselv.
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Elproduksjon .
Den totale produksjonen i Nordel var /— Kjernekraft 25,3%
327,5 TWh 1987, en ekning pa 5,9% i !\luclear power

Vannkraft 58,7% i
Hydro power (i

IIII—HH_‘ i

forhold til 1986. Vannkraften utgjorde
58,7% og kjernekraften 25,3%. Tilsvar-
ende tall i 1986 var 55,9 og 27,5%.

Electricity production

The total production in Nordel was
327,5TWhin1987. Thisisanincrease of
5.9% compared with 1986. Hydro power

amounted to 58.7% and nuclear power
to 25.3% of the total production. The R
corresponding figures for 1986 were *
55.9 and 27.5%.
@vrige 0.4%J Mottrykk 6,0%— Kondens 9,6%
Others Back-pressure Condensing power
Fig. S8 Elproduksjon (GWh)
Electricity production
Danmark Finland Island Sverige Norge Nordel
Vannkraft 1987 30 13518 3914 70990 103769 192221
Hydro power, 1987
Vannkraft 1986 29 12266 3842 59824 86724 172685
Hydro power 1986
Vindkraft m.m. 1987 190 . ® 6 - 196
Wind power etc, 1987
Vindkraft m.m. 1986 129 . ° 6 - 135
Wind power efc. 1986
Mottrykk, fiernvarme oo 6817 . 3192 . 10008
Back-pressure, district heating
Mottrykk, industri oo 6470 . 2825 246 9541
Back-pressure, industry
Kondens, prosess e 362 . ° i 362
Condensing, progess
Kondens, kjerne s 18549 . 64419 ° 82968
Condensing, nuclear
Kondens konvensjonell 26118 4757 - 481 128 31484
Condensing, conventional
Gassturbin, diesel m.m. L1 224" 2382 79 140 681
Gas turbine, diesel etc.
Varmekraft 1987 26118 37179 238 70996 514 135045
Thermal pawer 1987
Varmekraft 1986 27264 34850 216% 73811 432 136373
Thermal power 1986
Total produksjon 1987 26338 50697 4152 141992 104283 327 462
Total production 1987
Total produksjon 1986 27397 46916 4058 133641 97 156 309168
Total production 1986
Endring i prosent -39 8.1 23 6.2 7.3 59
Change in %
""Herav 212 GWh fra naturgas Of this 212 GWh from natural gas

“ Herav 234 GWh geotermisk kraft Of this 234 GWh geothermal power
% Herav 212 GWh geotermisk kraft Of this 212 GWh geothermal power
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Fig. S9 Produksjon og bruttoforbruk ekskl. tilfeldig

kraft til elektrokjeler
Production and gross consumption excl. excess hydro
power to electric boilers

Forbruk
Consumption

Varmekraft
Thermal power

JFMAMJJASOND|J FMAMJ JASOND

Vannkraft
Hydro power 1986 1987

JFMAMJ JASOND|JFMAMJJASOND JFMAMJJASOND|JFMAMJ JASOND

1986 1987 1986 1987
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Fig. 5§10 Magasinfylling

Kurvene viser magasinfyllingen i % av
magasinkapasiteten i 1986 og 1987. De
ovre og nedre begrensningskurver for
de senere ars magasinvariasjoner er inn-
tegnet. Begrensningskurvene er hoyeste
henholdsvis laveste ukeverdier i peri-
oden 1977-1986.

Water reservoirs

The curves show the impounded water
in per cent of total storage capacity for
1986 and 1987. The field gives upperand
lower extremes which are composed of
the weekly maximum and minimum

NORDEL 1987

100

90

recorded for the period 1977-1986. 50
40
............ 1986 1987 30
Ekstremverdier (1.1. 1977-31.12. 1986)
Extreme values (1.1. 1977-31.12. 1986) 20
10
0
%
100
NORGE
90
80
\ 70
-.‘\\
4\ \ 60
5 \\\ 50
ol \
r._\\/ 3 40
\\J . 30
\ 20
\4 Magasinskapacitet
Reservoir capacity I 10
1.1.1987 73 816 GWh
31.12.1987 76 393 GWh
0
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Magasinskapacitet
Reservoir capacity

1.1.1987 4 646 GWh
31.12.1987 4 646 GWh
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Fig. S11 Maksimal belastning 3. onsdag i januar og desember 1987
Maximum load on the 3™ wednesday in January and December 1987

Desermnber 1987
Lokal tid
Local time MW

17-18 2635
9-10 231

8-9
18-19

7880
592
17-18
8-9/1415
16-17

15736
951

22871

16-17 52217

Island
4152

3914

4152

4152

110

Installert Max. kraftstasjons-
nettoeffekt belastning
Installed Max power station
net capacily  output
31.12.87 Januar 1987
Lokal tid
MW Local time MW
Danmark
Vest for Store Belt (ELSAM) 4432 12-13 2750
West of the Great Bell
@st for storebelt ekskl.
Bornholm [ELKRAFT) 3701 9-10 2311
Easl of the Great Belt excl, Bornhalm
Finland 11985 8-9 7686
Island 922 12-13 569
Norge
Ser for (south of) 67,5°N 23733 17-18 15479
Nord for (north of) 67.5°N 1799 15-16 914
A : 2
Sverige 33542 8-9 22000
Nordel ekskl. Island
Nardel excl. lceland
Mellomeuropeisk tid 79192 8-9 51020
Central-European time
Fig. $12 Elenergiomsetningen 1987 (GWh)
Electric energy turnover in 1987 (GWh)
Danmark Finland
Produksjon 26338 50697
Production
Derav: vannkraft 30 13518
Of this: hydro power
Vindkraft m.m. 190 .
wind power etc,
Import 4173 6093
Import
Total produksjon og import 30511 56790
Total production and import
Eksport 593 504
Export
Bruttoforbruk 29918 56286
Gross consumption
Tilfeldig kraft til elkjeler etc. . 165
Excess hydro pawer 1o electric boilers eic.
Bruttoforbruk ekskl. tilteldig
kraft til elkjeler 29918 56121
Gross consumption excl. excess
hydro power to electric boilers ete.
Endring fra 1986 % 44 6.7

Change as against 1986 %

" Herav pumpekraft 671 GWh
? Inkl. utveksling med land utenfor Nordel

25

Of this pumped storage power 671 GWh

Incl. exchanges with countries outside Nordel

_.70_

Max. systembelastning

May. system load

Januar 1987 Desember 1987
L.okal tid Lokal tid
Local time MW Local time MW
17-18 3075 17-18 3140
17-18 2431 17-18 2394
8-9 8367 17-18 8904
L] - L] L ]
8-9 15139 16-17 15262 | /. :
15-16 937 8-9 995
8-9 21973 16-17 22574
8-9 51587  16-17 52803
Sverige Norge Nordel
141982 104283 327462
70990 103769 192221
(5] - 196
2170 2230 146667
144162 106513 342128
6186 2716 9999
137976 103797 332129
5390 a77Th 10442
132586 99020 321687
46 3.0 4.4
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Elenergituveksling e
Power exchange .
' &7
Fig. $13 Oversikt over omsetningen av "o C
elektrisk energi i Nordel 1987 ®N €01
Review of the electric energy turnover in ~ 0 }
Nordel 1987 _ 6d € 504
GWh/ar 177 1215 = \
GWh/year - 23 $ \
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146
Fig. S14 Elenergiutveksling 1987 (GWh)
Exchange of electric energy in 1987 (GWh)
Import til: Danmark Finland Sverige Norge Nordel- Andre Total eksport
Import to: land land Total export
Nordel Other 1987 1986
countries countries
Eksport fra
Export from:
Danmark . 5 309 20 329 264 593 721
Finland <3 ° 504 A 504 = 504 491
Sverige 2668 1355 . 2163 6186 — 6186 6451
Norge 1359 — 1357 . 27186 = 2716 1659
Nordel-and 4027 1355 2170 2183 8735 264
Mordel countries
Andre land 146 4738 > 47 4931
Other countries
Total import 1987 4173 6093 2170 2230
1986 2166 6298 1819 3638
Nettoimport 1987 3580 5589 -4016 486
Net import 1986 1445 5807 -4632 1979
Nettoimport/ 1987 120 10.0 -3.0 -0.5
bruttoforbruk i % 1986 50 11.0 -36 2.0

Nel import/gross
consumption




Fig. S15 Manedlig utveksling av elektrisk energi T A 7))

mellom Nordellandene 1987 504 <l8verige| | Finiand [>1355

Monthly exchange of electric energy within | , A

Nordel 1987 JF Norge 47
M 4 A
% Sovjet 0
M
\\
J
A

£ "
@)
N
o
L] L] - - [ ] o o L
SWh 300 200 00 0 0 100 200 300 GWH

-

' L] L[] L] L[] L] L] L[] . " B S o
s 500 600 700 800 GW

. J ° -
.:.‘F}T‘BD 600 500 400 300 200 100 0 0 100 200 300

Til
1359 <1 Danmark

Til

Norge > 20

TR, L
2668 <] Danmark Sverige [> 309
- Ll L] - I
Gwh 300 200 0 100 GWh d
F
M
= A
M
(3
J
A
5
Ranmark;
130 N
# A b}
v J L ] L] L ] - L] L L L L - L -
Tyskland GWh 500 400 300 200 100 D @ 100 2000 300 400 500 GWh

270

f72_



NORBEL 13987

Elfor b!'u_ket Fig. S16 Elforbruket fordelt pa konsumentgrupper ekski. elkjeler
Electricity consumption Electricity consumption distributed on consumer groups excl. electric boilers

. Bosteder, service m.m. Jernbane og sporveier Industri
Domestic, commercial etc. Traction Industry
Fig. $17 Elforbruk 1987 (GWh)
Electricity consumption 1987 (GWh)

Danmark Finland lsland  Sverige Norge Nordel
Bruttoforbruk 29918 56286 4182 137976 103797 332129
Gross consumption
Tilfeldig kraft til elkjeler — 165 i U8) 5390 47778 10442
Excess hydro power to electric boilers :
Bruttoforbruk” 29918 56121 4042 132586 99020 321687
Gross consumption”
Tap Tizo62 2081 390 11346 10003 26722
Losses
Nettoforbruk 27916 53140 3652 121240 89017 294965
Net consumption
Industri 7750 29180 2500 49440 42565 131435
Industry
Jermnbane og sporveier 160 380 e 2570 700 3810
Traction
Bosteder, service m.m 20006 23580 1152 69230 45752 159720
Domestic, commercial
Forandring av bruttoforbruk i =
jamfert med foregaende &r %" 44 6.7 25 46 3.0 44

Change in gross consumption
as against previous year, %

Gjennomsnittlig forandring av

bruttoforbruk de siste 10 ar % 3.0 56 45 4.5 32 4.1
Average change in gross

consumption in the last 10 years, %"

Bruttoforbruk pr. innbygger i KWh 5843 11384 16168 15765 23632 14047

Gross consumption per inhabitant in kWh

Middelfalkermnengde 1987 mill. 512 493 025 841 419 229
Average population 1987 mill. i

" Ekskl tilfeldig kraft til elkjeler Excl, excess hydro power to electric boilers

% Herav pumpekraft 671 GWh Of this pumped storage power 671 GWh



TWh
140
Fig. S18 Bruttoforbruk" av elenergi
1978-1987
Gross consumption of electric energy

" Ekskl. tilfeldig kraft til elkjeler
Excl. excess hydro power to electric boilers

120

100

80

60

40

20

MWh 78 79 80 81 82 83 84 85 86 87

Fig. S19 Bruttoforbruk" av elenergi
pr. innbygger

Per capita consumption"

) Ekskl. tilfeldig kraft til elkjeler
Excl. excess hydro power to electric boilers

. e
RN
P

78 79 80 81 82 83 84 85 86 87

Fig. S20 Total energitilforsel PJ
Total energy supply

Sverige
Norge
Finland
Danmark

1]

Island

78 79 80 81 82 83 84 85 86 87
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Fig. $21 Energitilgang i Norden

Energy supply within
the Nordic countries
PJ TWh
(504) 140

NORDEL 1887

PJ
1470

(432) 120

1260

(360) 100 - 1050
(288) 80 840
(216) 60

(144) 40

(72) 20

N | S

DK|SF| N | S

1990

19956

Fordeling pa energislag av eltiferseler
Distribution of electricity on energy sources

Elimport Import of electincty

Innenlandsk brensel, prosessbrensel
Domestic luels, process fuels

Kull Coal

Naturgas Natural gas
Olje oil

Kjermnekarft Nuclear power

Vannkraft Hydro power
(middel-vannar)

. Eleksport Export of electricity
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Brenselforsyning for andre formal enn
elproduksjon

Fuel supply, other than that for electricity
production

Innenlandsk brensel, prosessbrensel
Damestic tuels, process fuels

Kull Coal
Naturgass Natural gas
Qlje il

Kommentarer 1il figuren pa neste side
Comments on this figure at next page



Fig. S21 viser den faktiske elenergitil-
forsel i 1987 samt prognoser for 1990 og
1995. De enkelte Nordelland er vist for
seg. Oppdelingen er foretatt pa katego-
riene vannkraft, kjernekraft og annen
varmekraft med angivelse av de ulike
brenseltyper. Vannkraften i prognosen
er middeldrsproduksjon. For Norge
innebzerer dette betydelige mengder
tilfeldig kraft som kan utnyttes i innen-
landske elkjeler og/eller eksporteres.
Den norske kraftproduksjonen forut-
settes dimensjonert med ekstra fast-
kraftreserve utover forbruksprognosen,
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 heyre viser
ovrig energiforbruk.

For skalaene gjelder:

- Venstre skala i TWh gjelder eltilfor-
selen.

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

Figuren muliggjer en sammenligning

mellom elsektoren og den evrige energi-

sektor. Vannkraftens dominerende rolle

i norsk energiforsyning fremgir tydelig.

Fig. S21 shows the energy supply in 1987
and forecasts for 1990 and 1995. Each
Nordel country isshown separately. The
categories 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 of tempo-
rary power which can be exploited in
domestic electric boilers and/or ex-
ported. The Norwegian power pro-
duction is anticipated to be dimen-
sioned with additional contracted
pOWer reserves.

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

The leftscale in TWhrefers to electri-
city supply. The rightscale 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
hydro power predominates in the
Norwegian energy supply.

Prognoser

Prognosene for drene 1990 og 1995 er
basert pi krafiselskapenes egne vurde-
ringer av den sannsynlige utvikling.
Prognosene danner grunnlaget for ut-
byggingsplanleggingen av kraftoverfo-

ringssystem og produksjonsanlegg.

Forecasts

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

Fig. S22 Faktisk og prognosert elenergiforbruk

ekskl. elkjeler

Electrical energy consumption and forecast excl.

electrical boilers

1987 1990

TWh/ar  TWh/éar

Danmark 299 32

Finland 56,1 61

Island 40 44

Norge 99,0 105

Sverige 1326 132

MNordel totait 3217 334
Nordel total

1995
TWh/ar

Fig. S23 Faktiske og prognoserte eleffekter
Peak load capacity and forecast

1987

1990

MW MW
Danmark 5983 6450
Finland 10085 10500
Island 592 650
Norge 18199 ¢ 18100
Sverige 26204 25900
Nordel totalt 61063 62600
Nordel total

1995
MW

7350
11800
750
21200
26900

68000

Fig. S24 Faktiske og prognoserte installerte
effekter i MW i de respektive land (verdier
pr. 31.12. respektive ar)

Installed and forecast for installed capacity in each

country (valid per Dec, 31)

1987 1880

MW MW

Danmark 8129 8150

Finland 11985 13250

Island 922 950

Norge 25587 26600

Sverige 33524 34100

Nordel totalt 80147 83050
Naordel total
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1995
Mw

10200
14200

1100
28250
34850

88600
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Nordels medlemmer
Nordel’s Members

Danmark

Henning Buhl

Direktor

Managing Director
ELKRAFT A.m.b.A.
Viseformann i Nordel
Deputy chairman of Nordel

Poul Erik Nielsen
Direktor
Managing Director
1/S Nordkraft

Preben Schou

Direktor

Managing Director

NESA A/S og Isefjordvaerket 1/S

Georg Styrbro
Direktor
Managing Director
ELSAM

Hans von Biilow
Direktor
Managing Director
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
Verkstillande direktor

President and Chief Executive Officer

Imatran Voima Oy

Pertti Voutilainen
Direktor

Director

Imatran Voima Oy

Island

Jakob Bjernsson
Generaldirektor
Director General
Statens Energistyrelse

Adalsteinn Gudjohnsen
Direkter

Managing Director
Reykjavik Elverk

Halldér Jonatansson
Direktor

Managing Director
Landsvirkjun

Kristian Jonsson
Direktor
Managing Director
Statens Elverker

Norge

Erling Diesen
Generaldirekter
Chairman of the Board
and Chief Executive
Norges vassdrags- og
energiverk

Armne Finstad
Direktor
Managing Director
Oslo Lysverker
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Nordels utvalgsmedlemmer
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Omslaget

Nordels drsmete 1987 ble holdt pa
Hotel Hvide Hus | Aatborg. Omslagets
1. side viser utsikten fra hotellets drs-
metelokaler mot 1/S Nordkraft, og et
av Danmarks kullfyrte kraftverk.

The cover

Nordel's 1987 Annual Meeting was
held at the Hotel Hvide Hus in Aalborg.
The front cover shows the view fromi the
hotel’s conference rooms towards I/S
Nordkrafl, one of Denmark’s coal-fired
power stations.

Denne drsbéretningen er utarbeidet
av Nordels sekretanat, Oslo, under
ledelse av Oddmund Larsen. Materialet
er sammensatt av Hanne Breistrand ng
Gro Kristoffersen. Statisukkmaterialet
er fremskaffet av kentakipersonene for
statistikk og sekretieren i Planleggings-
utvalget.

Fotografiene er fremskaffet av de
enkelte lands kraftselskap.

Nardel

¢/o Samkjeringen av
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