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Nordel, som grundades
1963, ar en sammanslut-
ning for nordiskt elkraft-
samarbete. Nordel bestar av le-
dande personer inom kraftfor-
sorjningen 1 Danmark, Finland,
Island, Norge och Sverige. Nord-
el ar ett radgivande och rekom-
menderande organ vars syfte ar
att beframja internationellt, framst
nordiskt samarbete betraffande
produktion, distribution och kon-
sumtion av elenergi. Nordel har
foljande fasta arbetsuppgifter:

- att kontinuerligt folja utveckling-
en av produktionen och kon-
sumtionen av elenergi i de nor-
diska landerna, bl.a. genom att
publicera lamplig statistik.

—att sammanstélia konsum-
tionsprognoser och utbygg-
nadsplaner uppgjorda inom de
enskilda landerna.

Nordel

-aftt publicera en arsberattelse
som innehaller Nordels verk-
samhetsberéttelse, landernas
arsredogorelser, specialartiklar
och statistik.

En stor del av Nordels arbete
utfors av utskotten och arbets-
grupperna. Genom dessa har
man tillgang till specialister inom
alla omraden av elforsdrjningen.
For insamiing av statistik och an-
nan periodisk rapportering finns
kontaktiman i de olika landerna.
inom Nordel finns ocksé kontakt-
man i manga internationella or-
ganisationer.

Nordels ordférande valjs for
en period om tre ar. Ordfdran-
deskapet cirkulerar mellan lan-
derna. Ordférande utser sekrete-
rare och svarar for sekretariatet.

Danrmark
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Nordel
1985

ndustrilandernas ekonomiska tillvaxt
har avstannat under 1985 och skill-
naderna i tillvaxt ujamnats. Flera lan-
ders ekonomiska politik har bdrjat
stodja en ekonomisk tillvaxt. Den arliga
okningen i OECD-landernas totalpro-
duktion minskade fran 4,9% under
1984 till 2,8 % under 1985. OECD-Euro-
pas produktionstilvaxt stannade pa
2,2 % under 1985. Inflationen minskade
fortfarande i Vasteuropa och var under
aret 4,5 %. Utvecklingstrenden &r skénj-
bar ocksa | de nordiska landerna.
Bruttonationalproduktens tillvaxt i de
nordiska landerna var under 1985 mel-
lan 2 och 3%. Tillvaxten var storst i Fin-
land och Norge. Inflationstakten hdll sig
pa en nagot hdgre niva an i Vasteuropa
och lag melian Danmarks 4,8% och
Sveriges 7,0 %. Island noterade dock en
betydligt hogre inflation. De arbetsldsas
andel av den arbetsféra befolkningen
varierade mycket. Lagsta siffran noteras
i Norge, 2,5%, medan Danmark har
den hogsta arbetslosheten pa 9,2 %.
Elférbrukningen i Nordellanderna
fortsatte att dka och var 8,2 % storre an
under foéregaende ar. Bruttoforbruk-
ningenvar 306,6 TWhvilketar 22,2 TWh
mer an under 1984. De enskilda lander-
nas andelar av forbrukningen var: Dan-
mark 27,7 TWh, Finland 51,6 TWh, Is-
land 3,7 TWh, Norge 97,8 TWh och Sve-
rige 1259TWh. Forbrukningsandring
mot foregaende ar var: Danmark 6,3 %,
Finland 8,1%, Island -2,4%, Norge
5,0% och Sverige 11,5%.
Vattenkraften, basen fér elproduktio-
nen inom Nordel, stod detta ar for
188,8 TWh, vilket ar 1,1 TWh mindre an
foregaende ar, och utgor 60,4 % av den
totala produktionen. Norge &r den stors-
ta vattenkraftoroducenten med 102,9
TWh. Kéarnkraften, som ocksa har en
viktig stalining i Norden, stod for 73,9
TWh och okade 7,5 TWh jamfért med
foregaende ar. Karnkraftens andel har
standigt bkat och den ar nu 23,6 %. Sve-
rige ar den storsta karnkraftproducen-
ten med 55,9 TWh. Ovrig varmekraft, vil-
ken forekommer framst i Danmark, Fin-
land och Sverige, stod for 49,7 TWh, vil-
ket innebar en okning pa 12,7 TWh och
en andel pa 15,9% av den totala pro-
duktionen. Oljans andel i elproduktio-

nen var ocksa detta ar minimal.
Kraftutbytet landerna emellan mins-
kade ocksa detta fran féregaende ar
och var 13,2TWh vilket ar 1,6 TWh
mindre an 1984. Kraftutbytet var 4,2 %
av dentotala forbrukningen. Ar 1985 var
Sverige bade den stdrsta exportoren
med 6,7 TWh och den storsta importo-
renmed 5,1 TWh. Danmark och Finland
var nettoimportorer och Norge liksom

Sverige nettoexportorer inom Nordel.
Finland importerade dessutom 4,2 TWh
fran Sovjetunionen och blir den storsta
nettoimportdren inom Nordel om den-
na elmangd inraknas. Danmark impor-
terade 0,3TWh fran och exporterade
0,1 TWh till Vasttyskland. Nordel ar net-
toimportdr pa grund av importen fran
Sovietunionen.

Danmark Norge

Denmark Norway
Finland
Finland
Island Nordel
Iceland Nordel
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Nordels
verksamhet

1985

ordels arsmote holls | Reykjavik
Npé Island den 29 augusti 1985,

Vid arsmotet behandlades fore-
gaende motes protokoll, arsberattelsen
1984 och den aktuella kraftsituationen |
de enskilda landerna samt prognoser
for kraftsituationen under de narmaste
aren. Drift-, Planerings- och Varmekraft-
utskotten presenterade sin verksamhet
under det gangna aret samt pianer for
kommande ar. Gruppernas och kon-
taktmannens verksamhet diskuterades
och de internationella kontakterna rap-
porterades.

Vid arsmotet avgick Bjarne Ander-
sen pabasenav cirkulationsordningen i
Danmark och som ny medlem invaldes
Preben Schou. Sigurd Aalefjaer fran
Norge och Goran Ekberg fran Sverige
meddelade aftt de lamnar sin aktiva
fjanst och sadlunda ocksa avgar fran
Nordel. Gunnar Vatten fran Norge och
Goran Ahistrém fran Sverige invaldes
som nya medlemmar.

Nordel holl ett ordforande- och sek-
reterarmote den 12 mars 1986 pa Ar-
landa | Sverige emedan det inte fanns
behov for extramote. | detta mote deltog
ordforande, vice ordforande, utskotts-
ordférande och sekreterare. Vid motet
behandlades aktuella fragor inom ut-
skotten och sekretariatet.

Nordels samarbete med de nordis-
ka energimyndigheterna har fortgatt
aven under 1985. Den 23 september
sammantradde representanter for lan-
dernas energimyndigheter och Nordel
forattinformera varandra om pagaende
verksamhet samt for att diskutera ak-
tuella fragor inom elkraftsektorn.

Nordels ordfdrandepost innehar
Klaus Ahistedt fran Finland och som
vice ordforande fungerar Rolf Wied-
swang fran Norge vilka valdes for pa-
gaende trears period vid arsmotet 1984,
Sekretariatet finns hos Imatran Voima
Oy i Finland.
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Driftutskottet

Utskottet har liksom tidigare fortio-
pande behandlat aktuella samkor-
ningsfragor sasom kraftsituationen i de
nordiska landerna, kraftutbytena lan-
derna emellan, driftsdkerhet och drift-
tekniska fragor samt storningar inom
det nordiska kraftsystemet.

For bedomning av kraftsituationen
under de narmaste tre aren har effekt-
och energibalanser avseende denna
tidsperiod upprattats. Kraftbalanserna
bedémes som goda.

Forbrukningsdkningen inom Nord-
elsystemet har under 1985 varit stor.
Detta beror framst pa hogkonjunktur for
industrin, dvergang fran oljevarmet till el-
varme i Sverige samttemperaturunder-
skott under aret. Vinterperioden janua-
ri-mars var mycket kall, vilket resultera-
de i rekordhég momentan elforbruk-
ning.

Vattenkraftsituationen i Nordelsyste-
met har varierat vasentligt under aret,
Magasinslagena vid arets borjan var
hogre &n normala. Den hoga elférbruk-
ningen under vintern resulterade i hard
utnyttining av vattenkraften och mycket
laga magasinslagen i Norge och Sveri-
ge vid tidpunkten for varfloden. Genom
goda tillrinningar framst i Sverige, spe-
ciellt under sensommaren och hosten,
har magasinen fyllts upp till i stort sett
normal niva i Finland och Norge samittill
Gver normal niva i Sverige. Vattenkraft-
produktionen under 1985 har varit hog.

Karnkraften har fungerat mycket val
under 1985. Framst under de mycket
stora hostflédena nedreglerades karn-
kraften ca 4,5 TWh (framst i Sverige).
Under aret togs Sveriges tva sista karn-
kraftblock Forsmark 3 och Oskarshamn
3 i kommersiell drift.

Kraftutbytena har under 1985 varit
omfattande. Under den kalla vintern im-
porterade Sverige stora kvantiteter kraft
fran Norge vilka senare aterlevererades
under sommaren och hosten. | véantan
pa forsenad varflod importerade Sveri-
ge kraft aven fran Danmark och Finland.
Under den nederbordsrika sommaren
och hésten exporterade Sverige kraft till
alla tre grannlanderna. Kraftutbytena
under arets sista tva manader var myc-
ket sma. Den andra 400 kV-forbindel-
sen mellan Sverige och Sjalland har ta-
gits i kommersiell drift.

Driftutskottet avslutade under areten
analys av kraftutbytena mellan Nordel-
landerna, vilken redovisas i en slutrap-
port.

En arbetsgrupp har tillsatts med
uppdraget att bearbeta frdgan om pris-
séttning av kraftutbyten. | uppdraget in-
gér att studera om nuvarande regler le-
der ill ett rationellt utnyttjande av elkraft-
systemet samt om en rimlig férdelning
sker av de ekonomiska fordelarna av
kraftutbyten. Vidare skall gruppen un-
dersoOka behovet av eventuella andrin-
gar i reglerna som innebér en bttre to-
tal resursutnyttining. Som ett underlag

for gruppens arbete anvandes nyss-
namnda slutrapport frdn analys av kraft-
utbytena.

Driftutskottet har under 1983, 1984
och 1985 genomfort prov med reduce-
rat krav pa reglerstyrka under sommar-
perioden. Proven har utvarderats och
Driftutskottet avser pa basis harav atttilis
vidare genomfora en provverksamhet
med reducerat krav pa reglerstyrka pe-
riodvis under sommarhaivaret enligt
vissa regler.

En undersokning av tillrinningskor-
relationen mellan Nordellandernas vat-
tenkraftsystem har slutforts och redovi-
sas i en slutrapport. Viss tillrinningskor-
relation har konstaterats mellan Sverige
och Norge.

Driftutskottet har slutfért en torrars-
studie av Nordelsystemet i stadium
1990 vilken redovisas i en slutrapport.
Elforbrukningen kan pa detta stadium
tackas inom Nordelsystemet dven un-
der extremt torrar. Dyr fossilproduktion
forutséttes da behdva tas i anspraki sa-

dan omfattning att extra bemanning
maste planeras med viss varseltid.

Planeringsutskottet

Ett omfattande arbete med utveck-
ling av berdkningsmodeller for pro-
duktionsstudier pa det samkorande
Nordelsystemet har genomforts. Inom
produktionsgruppen har utvecklats en
metod som kombinerar en simulerings-
modell for vattenkraftberdkningar (ener-
gimodell) baserad pa dynamisk pro-
grammering och en berakningsmodell
baserad pa en forenklad linjar program-
meringsmetod (effekimodell). Data har
samlats in och bearbetats och en del
berakningar har gjorts pa stadium 1990
med de bada modellerna som verkar
valanvandbara for sitt andamal. Efter en

del ytterligare testkorningar avser man
att starta berakningsarbete pé& stadium
1995. Resultaten fran detta senare sta-
dium skall anvdndas som underlag for
natstudier om Overféringskapaciteter
pa samkdrningsforbindelserna. Model-
len oppnar mojligheter fér en integrerad
planering av produktions- och overfo-
ringssystem. Detta innebér ett nytt grepp
nar det géller att hantera fragor om
lamplig samkdérningskapacitet och for-
hoppningsvis annu bétre underbygg-
da framtida Nordelrekommendationer i
denna fraga. Modellerna beddms ock-
sa anvandbara for andra aktuella stu-
dier inom Planeringsutskottet.

Aktuelltarbete pa natomradet omfat-
tar dels studier som skail resultera i for-
slag il overféringskapaciteter pé
samkorningsforbindelserna | stadium
1995 och dels en dversyn av Nordels
nétdimensioneringsregler. | studierna
om oQverforingskapaciteter sker samar-
bete mellan Planeringsutskottets nat-
och produktionsgrupper. Vad galler
natdimensioneringsreglerna sa antogs
dessa 1972 av Nordel och har sedan
dess géllt oférandrade. Den nu aktuella
Oversynen avser att belysa om de bety-
dande férandringar som skett i de nor-
diska kraftsystemen sedan dess kraver
nagra andringar av reglerna.

Arbete pagar med en rapport med
rubriken "Awvédgning mellan el och an-
nan energi”. | rapporten analyseras el-
energi- och totalenergiutvecklingenide
nordiska landerna under en statistisk
arsserie samt aktuella prognoser fram
ill stadium 1995. Rapporten ar en vida-
reutveckling av den artikel, "El ersatter
annanenergi”, som redovisades i Nord-
els arsberattelse 1984. | rapporten kons-
tateras att elenergin fortsatt att dka i alla
de nordiska landerna trots omfattande
sparatgarder och trots att man kunnat
konstatera en avmattning eller till och
med minskning hos totalenergin. Forut-
sattningar och motiv for att denna ut-
veckling skall fortsatta behandlas. Man
konstaterar aft inom manga omraden i
det moderna samhallet sa &r el den en-
da energiform som kan valjas. Det beto-
nas dock att stravan bdr vara att astad-
komma det energisystern som ar gynn-
sammast ur ekonomisk och miljomas-
sig synpunkt och med beaktande av
fSrsériningstryggheten i olika krissitua-
tioner. | rapporten redogérs fér substitu-
tionsmajligheter mellan olika energi-
slag och kortfattat for den miljopaverkan
som energianvandning innebar. Dia-
gram redovisas for utvecklingen av el-
energi respektive totalenergi och brutto-
nationalprodukt. Det kan slutligen note-
ras att man for arbetet med rapporten
samlat in och sammanstallt statistikma-
terial som torde kunna vara anvandbart
ocksa for andra studier inom Nordél.

Nordel har uppdragit at Planerings-
utskottet att ta fram en rapport som ger
en sammanfattning av nuléget betraf-
fande kostnader for vindkraft. | rappor-
ten kommer att behandlas de erfaren-
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neter som hittills finns 1 de nordiska lan-
derna om genomforda projekt samt
drifterfarenheter fran dessa. Arbetet har
pabaorjats.

Efter forslag fran Planernngsutskottet
har igangsatts en studie om pakanning-
ar pa det nordiska elkraftsystemet un-
der kallperioden i borjan av 1985. Stu-

dien gors i samarbete mellan Plane-
rings- och Driftutskotten. Man kommer
att analysera den situation som gallde

under toppbelastningstmmarna  for
konsumtion, produktion och nat samt
vilka reserver som fanns tillgangliga.
En studie planeras om inverkan av
samkorningen pa dimensioneringen
av de enskilda Nordellandernas pro-
duktionssystem. Den sammanlagda
kapaciteten pa samkorningsforbindel-
serna ar betydande och okar vtterligare
nar beslutande forbindelser kommer |
drift. Det ar darfor angelaget att import-
o_ch exportmojligheterna beaktas pa ett
riktigtsatt vid landernas dimensionering
av sina produktionssystem. Hittilils har
detta endast kunnat ske schablonmas-
sigt men de berakningsmodeller som
nu utvecklats for produktionsstudier be-
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doms majliggora ett battre beaktande
av hur samkorningen inverkar pa beho-
vet av produktionsresurser.

T et Cigré/UPDEA-symposium
(UPDEA = Union of Producers, Con-
veyors and Distributors of Electrical
Energy in African Countries, Madagas-
car and Mauritius) hade Planeringsut-

skottet redovisat en rapport "Power
Cooperation between Neighbouring
Countries”. Syftet med rapporten var
framst att med Nordelsamarbetet som
bakgrund ge idéer till utvecklingslander
om hur man kan bygga upp och ut-
veckla ett elsamarbete mellan grann-
lander. Nagra av Planeringsutskottets
ledaméter deltog i symposiet. Man ha-
de visat stort intresse for Norden och for
Nordelsamarbetet.

En Nordelrapport till WEC-kongres-
sen 1986 har tagits fram. Rapportrubri-
ken ar "Nordic electrical cooperation -
simple cooperation forms offer signifi-
cant benefits”. Rapporten har tagits fram
i samarbete mellan de tre Nordelutskot-
ten. Den redogor for det omfattande el-
samarbete som sker mellan de nordis-
ka landerna och for de fordelar som sa-

marbetet innebar for landerna.

Ett antal lander 1 sodra Afrika samar-
betar | organisationen SADCC (= Sout-
hern African Development Coordina-
tion Conference). Man har till den nor-
ska bistandsorganisationen NORAD
framfort onskemal om att fa en informa-
tion om det nordiska elsamarbetet.

Gullfoss pa Island
Gullfoss in iceland

Gejsern Strokkur pa Island
The Geyser Strokkur in lceland



NORAD harisintur etableratsamarbete
i fragan med motsvarande bistandsor-
ganisationer i de Ovriga nordiska lan-
derna och med Nordel. Nordel har
uppdragit at Planeringsutskottet att
samordna Nordels aktiviteter i fragan.
Ettendagsseminarium med information
om Norden och om det nordiska elsam-

arbetet planeras varen 1986 och daref-
ter en studieresa med besok vid kraft-
anlaggningar i de nordiska landerna.
Enligt overenskommelse mellan
Nordel och ECE:s elkommitté¢ (ECE =
Economic Commission for Europe)
skall Nordel vartannat ar ta fram en kar-
ta 6ver de nordiska stamnaten. Arbete

med en sadan karta avseende stadium
januari 1986 har pabdrjats.

| aila de nordiska landerna rader stor
brist pd hégskoleutbildade elektroing-
enjorer med kraftteknisk inriktning. Pa
sikt kan detta leda till svara problem sa-
val for krafttdretagen som for den elekt-
rotekniska industrin. Pa forslag fran Pla-
neringsutskottet beslots vid Nordels &rs-
mote 1985 att tillskriva de nordiska ut-
bildningsdepartementen och under-
stryka behovet av atgarder for att astad-
komma en forbattring av situationen.

Virmekraftutskottet

Utskottet har under aret aktivt fortsatt
sittarbete med att beframja erfarenhets-
utbytet inom varmekraftomradet inom
Norden. Utskottets och dess under-
gruppers sammantrdden och enskiida
anordnade seminarier har en viktig
funktion i detta sammanhang.

Karnbranslegruppen konstaterar i
sin arsrapport "Markedsituationen i ker-
nebraendselkredslgbet” att den sen tidi-
gare gynnsamma tillgangen pa uran,
anrikningskapacitet och resurser for
bransletillverkning i variden fortfarande
ar vid handen. De totala karnbrans-
leanknutna kostnaderna for ett kraftverk
som tas i drift pa 1990-talet uppskattas
till 0,066 SEK/KWh enligt penningvarde
primo 1985 vilket innebéar en sankning
aveninominellt penningvarde fran férra
arets uppskattning.

Utskottets Drift- och Underhalls-
grupp har i sin seminarieverksamhet for
olika kategorier av kraftverkspersonal
under aret anordnat et mote for under-
halischefer. Under 1986 planeras ett
speciellt moéte for driftchefer. Gruppen
har under aret etablerat en informa-
tionsservice for problemavhjatpning via
erfarenhetsdverforing fran andra nor-
diska varmekraftverk med erfarenheter
av problemet. Genom arbetsgruppens
forsorg har den arliga publikationen
"Tillganglighetsstatistik for varmekraft-
verk” sammanstallts, vilken redovisar
tillganglighets- och feldata under 1984
for de olika typerna av varmekraftverk i
Norden.

Forsknings- och utvecklingsverk-
samheten inom NKA (Nordiska Kon-
taktorganet for Atomenergifragor) har
fortsattningsvis bevakats av utskottet,
och utvalda projekt har givits en omfat-
tande presentation. Utskottet kommer
att nara folja upp NKA:s sakerhetspro-
gram fér 1985-89.

Utskottet har funnit att miljéfragorna i
samband med varmekraftproduktion
skall ges 6kad uppmarksamheti utskot-
tets arbete. En foljd harav &r att ad-hoc
gruppen for svavelutslapp har givits i
uppdrag att dven folja lagstiftningen
inom Norden betraffande utslapp av
NO, och koldioxid.



Danmark

Energipolitik

roduktionen af Nordsg-olie og
-naturgas stiger fortsat og bidrog |

1985 afgerende til, at produktio-
nen fra danske energikilder svarede til
omkring 23 % af Danmarks bruttoener-
giforbrug. Det danske forbrug af nord-
seolie var 1,92 mio. tons og af naturgas
0,62 mia. m3. Herudover eksporteredes
godt 0,42 mia. m* gas og 0,97 mio. tons
olie.

Produktionen kommer fortsat ude-
lukkende fra Dansk Undergrunds Con-
sortium. Otte andre selskabsgruppereri
gang med efterforskning pa basis af de
15 tilladelser, der blev giveti1984,0giju-
li 1985 abnedes 2. udbudsrunde for
yderligere efterforskningsaktiviteter.
Ved fristens udigb | november var der
indgivet ansagninger fra otte selskabs-
grupper. Koncessionsvilkarene omfat-
ter i denne runde en dansk statsdelta-
gelse pad minimun 20 % i indvindingsfa-
sen.

Grundlaget for ELKRAFT's og EL-
SAM's feelles aftale med Dansk Natur-
gas A/S blev revideret11985. Den mak-
simale maengde gas, som elvaerkerne
forpligter sig til ataftage i alt 1 aftaleperio-
den, blev nedsat fra 2,5 mia. m® til 1,9
mia. m3. Aftalen lgber til 30.9.91 og in-
debaerer, at elveerkerne aftager de na-
turgasmaengder, som Dansk Naturgas
A/S ikke kan afseette til anden side.

| december 1985 skennede Dansk
Naturgas A/S, at der kan ventes et yder-
ligere fald i overskudsmaengden til ca. 1
mia. m3.

11985 blev kedler ombyggettil natur-
gas pa Svanemellevaerket, Kyndbyveaer-
ket og Fynsveerket. Gasleverancerne
pabegyndtes i oktober og blev 1985 ialt
82 mio. m3

Kut var dog med 94 % fortsat det do-
minerende braendsel pa elveerkerne i
1985. Den fremtidige forsyningssitua-
tion vil blive pavirket af, at det danske
Folketing i december vedtog et beslut-
ningsforslag om skaerpelse af sanktio-
nerne mod Sydafrika. Folketinget op-
fordrede herved regeringen til at frem-
seette forslag inden 1. 2. 86 til lovgivning,
der bla. pdlaegger elselskaberne at af-
vikle kulimporten fra Sydafrika senest
seks maneder fra lovens ikrafttraeden.

Herudover er der i 1985 taget afge-
rende energipolitiske skridt pa tre andre
omrader:

-1 marts besluttede Folketinget, at ker-
nekraft skal fiernes fra den offentlige
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energiplaniaegning. Som falge heraf
blev pladsreservationerne for kerne-
kraftvaerker opheevet i efteraret, lige-
som Energiministeriet har en ny
"Energiplan 86" under udarbejdelse.
Denne plan vil bl.a. vurdere, hvorledes
eludbygningen kan finde sted uden
anvendelse af kernekraft.

-Ved udgangen af 1985 optog Energi-
ministeriet droftelser med elvaerkerne
om @get anvendeise af vedvarende
energl | elproduktionen. Forhandling-
erne resulterede i et aftaleforslag om,
at elveerkerne foretager en udbygning
med store vindmglier og vindmalle-
parker som et led i det almindelige
produktionsapparat. For den kom-
mende fems ars periode omfatter pla-
nerne i alt 100 MW vindkraft. Aftalefor-
slaget droftes i de kompetente el-
veerksforsamliger farst pa aret 1986.

Montering av maskinerna pa den forsta av de
fem 750 kW anliggningama i ELKRAFTs
vindkraftspark pa Masnedo

Placing the nacelle at the first of the five 750
kW wind power plants in ELKRAFT's Masnedo
windfarm

Forslaget skal ses i lyset af Energimi-
nisteriets opfattelse, "at detudfra ener-
gipolitiske synspunkter ikke er gnske-
ligt, at der sker en udbygning med sto-
re vindmeller og vindmglleparker
uden lokal og forbrugsmaessig tilknyt-
ning i privat regie”. Det undgéas her-
ved, at vindmelleudbygningen over-
vejende bestemmes af enkeltperso-



ners investeringsgnsker. Energiminis-
teriet henstiller pa denne baggrund, at
elveerkerne afviser tilslutning af sa-
danne ikke elvaerksejede magller til
nettet.

-1 varmeforsyningsplanlaegningen for
omrader uegnede il direkte forsyning
med kraftvarme eller naturgas konklu-
derer energiministeriet, at der er res-
sourcemaessigt grundlag for, aten be-
tydelig del af varmeforsyningen her
kan baseres pa indenlandske energi-
kilder som naturgas, overskudsvar-
me, halm, traeflis, biogas m.v. | denne
forbindelse vil energiministeriet drgfte
spergsmalene om agetanvendelse af
halm i elproduktionen og decentrale
kraftvarmeveerker.

Elforbrug

Det samlede elforbrug i Danmark
blev i 1985 27,7 TWh, en stigning pa
6,3% fra 1984. Det foregaende par ars
tendens til eget elforbrug forstaerkedes
saledes i 1985.

En del afforklaringen er, at arets fors-
te maneder praegedes af en kold og
langvarig vinter, som desuden medferte
rekordstore topbelastninger i savel EL-
KRAFT-omradet som ELSAM-omradet
pa henholdsvis 2549 MW og 3.006
MW,

Ogsé konjunkturforbedringen bid-
rog til eget elforbrug, bade i industri og i
privathusholdningen.

Konflikterne pa det danske arbejds-
marked i marts—april medferte dog et
20% lavere forbrugiindustrien end nor-
malt i konfliktperioden. Det manglende
forbrug svarede til ca. 0,4% af arets
samlede elforbrug.

Elforbruget fordeler sig pa boliger
med 31%, handel, service og landbrug
med 36 %, industri med 26% og tab
med 7 %.

Det danske elforbrug repraesentere-
de i 1985 36% af landets bruttoenergi-
forbrug. (17 % af det endelige energifor-
brug).

De seneste par &rs egede stignings-
takt for elforbruget har ikkke medfort re-
vision af prognoserne, som baseres pa
forventningerne om en moderat stig-
ningstakt pa 2-3 % pr. ar. Hvis den sko-
nomiske vaekst fortseetter, vil en noget
sterre forventet arlig stigning med tiden
blive aktuel.

Elproduktion

Den installerede effekt pa danske el-
vaerker var ved udgangen af 1985 ca.
;3.100 MW, ca. 460 MW mere end aret
or.

Effekten fordeler sig med 96,0 % pa
dampkraftanlzeg, 3,3% pa gasturbine-
og dieselanlaeg, 0,6% pa privatejet
vindkraft og 0,1% péa vandkraft.

Der blev i 1985 idriftsat to sterre kul-/
oliefyrede kraftvarmeenheder, Stud-
strupvaerkets blok 4 (350 MW) og
H.C.Qrsted vaerkets blok 7 (88 MW).
Desuden idriftsattes godt 21 MW vind-
meller i privat eje.

Dampkraftanleeggene  daekkede
93,3% af arets elforbrug, evrige anleeg
0,5% og nettoimporten 6,2 %,.

Sidelgbende med elproduktionen
leverede de dampkraftanlaeg, der er
indrettet til kraftvarmedrift, 45500 TJ
fiernvarme, svarendetil ca. 23 % af Dan-
marks varmebehov.

Ved produktionen pa dampkraftan-
leeggene forbrugtes braendsel svaren-
de il 9,73 mio. tons kul. Kulandelen blev
94,4 %.

En omfattende streamafbrydelse
fandt sted den 24.4. i Sjeellandsomra-
det. Arsagen var pendlinger mellem de
sjeellandske vaerker og det nordiske
system, hvorved samarbejdsforbindel-
serne og tre sjellandske kraftvaerks-
blokke udkoblede. Automatisk aflast-
ning med 35 % af forbruget forhindrede,
at driftsforstyrrelsen udvikledes yderli-
gere.

To danske kraftvaerker var under ud-
videlse eller nyopferelse i 1985, begge
med kul-/oliefyrede kraftvarmeblokke,
som udstyres med afsvovlingsaniaeg.
Det drejer sig om Amagervaerkets blok
3 (AMV3) og Avedgrevaerkets blok 1
(AVV1) til idriftseettelse i henholdsvis
1989 og 1991. Hver blok far en elektrisk
ydeevne pa 250 MW netto og en kraft-
varmeydeevne pa 330 MJ/s. Bygge-
pladsen for AMV3 blev etableret og
bygningsarbejderne igangsat i 1985.
Ved AVV1 blev landvindingsarbejderne
til etablering af kraftvaerksomradet pa-
begyndt i maj.

Desuden var to veerker i ELSAM-
omradet med en samlet ydeevne pa
574 MW under ombygning til kombine-
ret kul-/oliefyring, ligesom der blev ind-
hentet tilbud pa afsvoviingsanlaeg til
Studstrupveerkets blok 3 og 4 (2x350
MW).

Elpriserne

Forbruger-elprisen varierer en del
landet over til trods for, at udgifterne ved
fremskaffelsen af elektriciteten kanalise-
res gennem feellespuljer, en hos EL-
KRAFT og hos ELSAM. For hvertaf de to
omrader sikres herved ensartede en-
hedspriser for de tilsluttede selskabers
effekt- og energibehov. Men da tillaeg-
get il deekning af de mere end 100 sels-
kabers egne omkostninger varierer, bli-
ver forbrugerprisen ikke den samme
overalt.

Priser og tariffer skal godkendes i El-
prisudvalget, som ansker hurtig og
bedst mulig udligning af udgifter og ind-
teegter. De uundgaelige variationer i ugd-
gifterne til braendsel, afskrivning og hen-
lzeggelser, m.m. medferer derfor varie-
rende elpriser fra ar til ar.

Det vejede gennemsnitaf forbruger-
priserne anmeldt pr. 1.1. 85 varierede fra
ca. 50 ere/kWh ved 3.000 kWh/ar til 36
ore/kKWh ved 1 mio. kWh/ar. Dette er en
stigning pa 7-8% i forhold il priserne
aret far. Spredningen ved 3.000 kWh/ar
var fra 34 gre/KWh til 63 ere/kWh og ved
1 mio. KWh/ar fra 26 ere/kWh til 57 gre/
kKWh. Ved arets slutning varsledes et fald
i elprisen pa gennemsnitligt 5 %.

Udover de ovenfor naevnte, omkost-
ningsbestemte elpriser beskattes elek-
triciteten hos forbrugeren med bade
energiafgift og moms. Erhvervsdriven-
de kan dog fa begge afgifter refunderet.

Energiafgiften var 15,3 are/kWh i
1985 og blev ved arets udgang sat op il
19 gre/kWh. Momsen beregnedes som
22 % af elpris + energiafgift, hvorved af-
gifterne 11985 i alt blev fra 35-45% af
den samlede elregning. Eksempelvis
betalte en almindelig forbruger med et
arsforbrug 1985 pa 3-4 000 kWh derfor
ca. 80 gre/kWh som landsgennemsnit.

Eltransmissionsnettet

Udbygningen af 400 kV samar-
bejdsforbindelsen mellem Sjaeliand og
Sverige blev afslutteti 1985 og har vaeret
i brug fra og med december. Pa dansk
side har ELKRAFT etableret 63 km 400
KV luftledning, 1 km jordkabel, 8 km se-
kabel og en 400 kV transformerstation.
Fra svensk side har Vattenfall og Syd-
kraft etableret 0,6 km jordkabel og 25
km lufledning.

Denne udbygning medfarer en sik-
rere elforsyning samt muligger en @get
eludveksling mellem ELKRAFT-omra-
det og Sverige.

Som felge af kraftvaerksudbygning-
en i Kgbenhavn ivaerksattes i 1985 et
projekt til forstaerkning af det keben-
havnske kabeinet. Arbejdet omfatter fire
nye 132 kV forbindelser med en samlet
laengde pa ca. 35 km.

Det primaere net blev i 1985 ramt af
fejl, da en saltstorm i Jylland den 11.-12.
oktober forarsagede 79 saltoverslag il
trods for, at netspeendingen under stor-
men blev saenket til 80 % af detnormale.

Det blev i 1985 besluttet at udbygge
Konti-Skan forbindelsen mellem EL-
SAM-omradet og Sverige med en ny
250 kV kabelforbindelse, hvis overfe-
ringsevne bliver omkring 300 MW. For-
bindelsen ventes idriftsat i 1988, og pro-
jektet bliver udfert i et samarbejde mel-
lem Vattenfall og ELSAM efter samme
retningslinier som ved det ferste kabel.
Aftalen blev godkendt af de svenske
myndigheder i 1985, men var ved arets
udgang fortsat under behandling hos
de danske myndigheder.

Spergsmaélet om etablering af en
Store Beelts forbindelse mellem EL-
KRAFT-omradet og ELSAM-omradet
behandledes i 1985 af et udvalg nedsat
af energiministeren. Udvalgets arbejde
forventes afslutteti begyndelsen af1986.
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Finland

Energipolitik

Finland ar det aktuellt att fatta beslut

om elforsorringen for1990-talet. Den

alltmer stigande elforbrukningen un-
der de senaste aren visar att behovetav
ny basproduktionskapacitet ar stort, vii-
<etman ocksa fran industrins sida fram-
havt. De mest ekonomiska alternativen
‘or utbyggnad av baskraftoroduktion ar
karnkraft eller kolkondens. Nagot prin-
cipbesiut har dock annu inte fattats.

Karnkraftsolyckan : Tjernobyl 1 slutet
av april 1986 har lett tilf en omprovning
av den finska energipolitiken, vilket man
Inte kunnat beakta 1 denna text.

Den14 november godkande statsra-
Qet stampianen for elforscriningen for
aren 1985-1995. I stamplanen tog man
inte stallning il utbyggnad av kondens-
kraft eftersom handeis- och 'ndustrimi-

0

nisteret forberedde eft separal forslag
for Finlands eliorsarning pa 1990-talet.
Stamplanens utbyganadsprogram for
produktionskapaciteten omfattar bla.
byggandet av Tammerfors kraftvarme-
verk pa 125 MW och Neste QOy:s pro-
cesskraftverk pa 25 MW.

Regeringen behandlade + novem-
ber handels- och industriministeriets
forslag for 1990-talets elforsorning. Mi-
nisteriets forslag innehaller atgarder for
beframjande av samproduktion av el
och varme, atgarder for effektivare elan-
vandring och forslag till okad elimport
samt till byggnad av kondenskraftverk
dar karnkraften skulle tacka en del av
behovet av kondenskraftkapacitet. M-
nisteriet ansag det vikligt att eiforsorn-
ningen baserar sig pa flera olika ener-
gislag.

Utbyggnaasprogrammet for elover-

Rauhalahti torveldade fjarrvarmekraftverk pa
80 MW togs i drift i Jyvaskyla

The Rauhalahti peat-fired district heating
power plant of 80 MW was taken into opera-
tion in Jyvaskyla

fonngssystemet omfattar 62 km 400 kV
ledningar, 300 km 220 kV ledningar
samt en fransformatorstation pa 400 kV
och tva stationer pa 220 kV.
Propositionen till en ny karncnergi-
lag har behandlats i nksdagens utskott
under 1985 och vantas bl godkand till
innehallet 1986. Lagen skall dock be-
handlas som grundlag, vitket torde kra-
va godkannande aven efter riksdags-
valet 1987. Enligt propositionen ar det
regeringen som bor fatta ett principbe-
slut om byggande av eft karnkraftverk
och detta beslut bor understallas riks-
dagens godkannande. Regeringen kan



inte fatta sitt principbesiut utan att den
kommun dit kraftverket avses placeras
godkanner detta.

En kommitté under miljdoministeriet
har utrett hur méangden svavelutslapp
kan sénkas med 30 % fran 1980 &rs niva
fram till 1993. Ar 1985 konstaterade
kommittén att svavelutsldppen redan
hade minskat med 40%. Eftersom
minskning forefaller att fortsétta, kom-
mer kommittén att undersdoka om ut-
slappen kan sankas med 50 % fram till
mitten av 1990-talet.

Elkor_isumtionen

Dentotala energikonsumtionen steg
med 6,7 % till ca 245 TWh ar1985. Den
totala elkonsumtionen 6kade ar 1985
med 8,1% till 51,6 TWh. Till 6kningen,
som utgjorde drygt tre miljarder kilowat-
timmar, bidrog den ovanligt kalla vintern
och industrins hégkonjunktur i bérjan
av aret. Aven inom sekiorn bostader
och service okade elfdrorukningen
ovantat mycket. Fran augusti avtog ok-
ningen som foljd av den langsammare
ekonomiska uppgangen. Karnkraft
tackte 35 % av elkonsumtionen, vatten-
kraft 24 %, mottryckskraft 23 % och &v-
rig kondenskraft 9%. Med importel
tacktes hela 9% av konsumtionen.

Elleveranserna till elpannorna ut-
gjorde 0,2 TWh.

Aven naturgasanvandningen okar i
Finland i och med att rornatet utbyggs i
sodra Finland. Den arliga anvandning-
en av naturgas berdknas 6ka fran 700
miljoner m* ill 1500 miljoner m? inom ett
par ar. Byggnadsarbeten fortskrider nu
fran Kouvola stad till huvudstadsregio-
nen och fill Tammerfors.

Energiproduktionen

Den inhemska insatsen i energipro-
duktionen, vilken omfattar andelen in-
hemska brénslen samt vattenkraft av
det totala primarenergibehovet, blev
densamma som aret forut, d.v.s. 30%.

Oljans andel av den totala energifor-
brukningen var ca 34 % raknat i Mioe.
Karnkraftproduktionen uppgick till 18,0
TWh, vilket innebér en 6kning paca 9%,
och dess andel av elproduktionen var
38 %. Karnkraftverken i Lovisa och Olki-
luoto fungerade bra och kédrnkraftens
sammanlagda utnyttiningsfaktor var
fortfarande pa toppniva i varlden, d.v.s.
89%.

Vattenkraftproduktionen minskade
betydligt, med 7,2 %, och utgjorde 12,2
TWh. | sjdlva verket svarade vattenkraf-
ten nu for forsta gangen for endast
en fjardedel av produktionen. Tillrin-
ningen till vattendragen motsvarade
medelvardet och nederbédrden var 3%
stérre an normalt. Den lagrade energi-
mangden uppgick till 3,2 TWh ar 1985,
vilket ar 0,1 TWh mindre an 1984. Den
hogsta magasinsfyllnaden uppnaddes
den 16 november och var da 79%
(3,7 TWh).

Ar 1985 producerades med mot-
tryckskraft 12,1 TWh, vilket motsvarar ca
26 % av produktionen. Pa grund av de
lAnga koldperioderna i januari-februari
Okade stadernas samproduktion av el
och varme. Produktionen av kolkon-
denskraft tredubblades.

Den totala elimporten uppgick ill 5,6
TWh. Elimporten fran Sovjetunionen,
som sker kontrakisbaserat, utgjorde 4,2
TWh och importen frAn Sverige 1,4 TWh.
Exporten till Sverige var 0,9 TWh.

Utbyggnaden

Ny kraftverkskapacitet togs i drift i
och med att ett industriprocesskraftverk
pa 42 MW eleffekt togs i kommersiell
drifti juli 1985 i Adnekoski nara Jyvasky-
14 stad i mellersta Finland. Imatran Voi-
mas torveldade fiarrvarmeverk i Jyvés-
kyla pa 80 MW eleffekt togs i provdrift i
december1985 och dess kommersiella
drift inleds i maj 1986. Imatran Voimas
torveldade 60 MW fjarrvarmeverk i
Joensuu tas i drift i oktober 1986.

Stamnatet

Ar1985 tardigstlldes ca 350 km 110
kV kraftledningar. Under byggnad var
26 km 400 kV ledningar och under pla-
nering 28 km. Byggandet av en 325 km
lang 220 kV ledning Vajukoski-Varang-
erbotn fran norra Finland till Nordnorge
inleddes. En 185 km lang sjokabel ver
Alands hav byggs mellan Finland och
Sverige. Den planerastasi drifti decem-
ber 1989. Enligt preliminara planer ar
férbindelsens dverforingskapacitet 420
MW i vardera riktning och spanningen
350 kV. Ledningen byggs sa att kapaci-
teten kan férdubblas i ett senare skede.

| juni invigdes likstromsstationen na-
ra staden Viborg dar de finska och ryska
elndten har kopplats samman. Statio-
nen bestar av tre 350 MW likstroms-
bryggor. Det ar fraga om en av varldens
storsta likstrdmstorbindelser och den
mojliagdr en fortsatt omfattande elim-
port fran Sovjetunionen till Finland. Den
arliga avtalsenliga leveransen har ut-
gjort ca 4 TWh.«

Den enda stérre stationsstérningen
agderumidamsaden4.7.1985. En hu-
vudtransformator (64 MVA 220/110 kV)
forstérdes som foljd av ett genomslag i
en genomféring. Stdrningen ledde till ett
lokalt elavbrott pa11/2 timme och ett le-
veransunderskott pa 105 MWh.

Elfdrsériningen fungerade bra trots
den stranga kylan i bérjan av aret. Dare-
mot astadkom stormarna, i synnerhet
Manda-stormen den 26 oktober, betyd-
liga skador f6r eldistributionen, sarskilt i
Ostra Finland.

Elpriserna

Priset pa el hdll sig for fiarde aret i
féljd pa ungefar samma nominella niva.
Medelpriset for elverkens leveranser f6r
hushalls- och lantbruksforbrukare var

33,3 p/kWh inklusive skatt i borjan av
aret 1985 som fdlid av forandringen i
kolpriset. Elskatten sanktes i borjan
av november fran FIM 21/MWh till FIM
16/MWh.

imatran Voimas nya prissattnings-
system for engrosel, H/85, togs i bruk
den1oktober1985. Systemet tar hansyn
till elproduktionens strukturférandring
och stammer darmed battre Overens
med dagens kostnadsstruktur for elpro-
duktionen.

Realpriset pa el har sjunkit med
drygt 44 % sedan 1967.

Forsknings- och
utvecklingsfrdagor

For att effekiivera elanvandningen
studerar och utvecklar imatran Voima -
ofta i samarbete med apparaturtiliverka-
re — elbaserade industriprocesser tex.
mekanisk komprimering av anga, in-
duktiv och konduktiv uppvarmning,
infrardd uppvarmning och membran-
teknik. Fordelarna for elbaserade pro-
cesser ar att de ar miljévanliga och
medfor battre kvalitet och konkurrens-
kratft.

Inom karnenergiomradet pAgar om-
fattande forskning och utveckling, till
exempel rérande slutdeponering av av-
fall, avfallshantering och drifisakerhet.
Helsingfors universitetet och Imatran
Voima har i samarbete utvecklat en ny
metod for att rena radioaktivt vatten. Me-
toden baserar sig pa att cesium skiljs
genom filtration. Med hjaip av den har
metoden kan kostnaderna for karnav-
fallshanteringen i Lovisa sdnkas och vo-
lymen av indunstningskoncentrat kan i
teorin minskas till en tredjedel av den
nuvarande volymen.

Redan ar1983 inleddes ettomfattan-
de forskningsprojekt med syfte att ut-
veckla avsvavlingsmetoder som lam-
par sig for de finlandska forhallandena.
Under varen 1986 testas avsvavlings-
metoder bade vid Inga kolkraftverk och
Lojo varmecentral.

Imatran Voima fortsatter ocksa att
studera alternativa energiformer. For att
fa praktisk erfarenhet av vindenergi har
Imatran Voima bestallt ett 300 kilowatts
vindkraftverk fran Danmark. Kraftverket
kommer att monteras i Kopparnas, Inga,
och det kommer att drivas i experiment-
syfte i 3-5 &r. Arsproduktionen vantas
uppga till ca 300 megawattimmar.

Imatran Voima har tillsammans med
det statliga torvbolaget Vapo Oy, Sta-
tens tekniska forskningscentral och
u-omradesfonden inlett ett projekt med
syfte att utveckla ett varmeforsérinings-
system som baserar sig pa bivalentan-
vandning av inhemska brénslen pa vin-
tern och el pa scmmaren. Varmeforscrj-
ningssystemet skulle lampa sig for en-
skilda storre fastigheter (Gver 5000
kbm) och mindre, regionala varmenat,
till exempel kyrkbyar. Andelen inhemsk
energi vantas att uppga tilt dver 50 %.
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Island

Energipolitik og lovgivning

[t geometrisk fiernvarmevaerk pa
= Reykjaneshalvéen, det sydvestli-
= j& NjOrMe af Istand, har sammen
med 6 lokale distributions-elvaarker i
kommunalt eje dannet et regionalt
energiveerk i omradet. Fiernvarmeveer-
ket ejedes for af staten til 40 % og kom-
muner i omradet til 60 %. Det nye ener-
giveerk, som ogsa i fremtiden baerer det
gamle navn Sudurnes fiernvarmeveaerk,
ejes tit 20% af staten og 80 % af kom-
munerne. Det har kdbt transmissions-
ledninger til omradet samt nogle andre
anlaeg fra Statens Elveerker. En lov om
det nye energivaerk blev vedtaget af Al-
tinget 1 1985..

Altinget vedtog ogsa et loviorslag fra
regeringen om Landsvirkjun's kob af
Krafla-kraftveerket fra staten. En kontrakt
herom blev underskrevet i juli 1985,
med forbehold om altingets samtykke.
Kobesummen udgoér ca. en trediedel af
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investeringerne i Krafla; resten vil staten
tage sig af. Den grundleeggende idé
bag bestemmelsen af kobesummen
var at kobet ikke skulle fore til en forho-
jelse af Landsvirkjun's en-gros elpris.

Elkonsumtionen

| Island udgjorde elkonsumtionen i
1985 3837 GWh brutto (d.v.s. inklusive
transmissions- og distributionstab, samt
elveerkernes egetforbrug), mod 3914
GWh i 1984. Der var altsa en tilbage-
gang pa 2,0% i1985.11985 gik 52,2 %
af totalforbruget til kraftkraevende indu-
stri mod 55,0% aret for. Dens forbrug
gik tilbage med 6,9%. Det almindelige
forbrug voksede med 4,0 %: tempera-
turkorrigeret almindeligt forbrug dog
med 5,5%. Forbruget bestod af 3430
GWh fastkraft og 407 GWh ikke garan-
teret kraft.

Det sakalte Elprognoseudvalg ud-
sendte 1 1985 en ny elprognose. Ifdlge

Svartsengi geotermiska kraftvarmeverk i nar-
heten av Keflavik

The Svartsengi geothermal power plant near
Keflavik

denne ventes summen af detalmindeli-
ge forbrug og nuvaerende kraftkraeven-
de industri (hvis fastkraftforbrug, ink.
overféringstab, var 1700 GWh/ar 1 1985)
at vaere som folger. Til sammenligning
vises prognosen fra 1981. Mellem 1981
09 1985 er ingen ny kraftkraevende in-
dustri kommet til.
Tallene er i GWh/ar refereret kraft-
vaerk, d.v.s. inklusive tab.
1985 1990

1995 2000

Ifolge 1981-ars 3904 4514 5161 5925
prognose
Ifolge 1985-ars 3633 4049 4415 4739
prognose

Forskel 271 465 746 1186




Arsageme til at man nu venter lang-
sommere veekst i forbrugetend 1981 er
mange, men ifolge Elprognoseudvalget
kan maske folgende faktorer anses at
have storst veegt:
1.Lavere veekst i befolkningstallet end

ventet 1 1981.
2.Mere energi-effektive forbrugerappa-
rater bade i industrien og hjiemmene.,
3.Mindre elforbrug pr opvarmet m3 i
elekirisk opvarmede huse end man

Pa bilden dr132 kv ringledningen spiand 6ver
en 564 m bred jokelilv

The 132 kV national grid crossing a 564 m
wide glacier river

regnede med i prognosen fra 1981,
dels pga. bedre statistik, og dels
p.g.a. en kombineret effekt af bedre
isolering og hojere realpris pa el end
tidligere.

4.Meetning i visse forbrugsgrene sa-
som forbrug i hjemmene ventes at
indtraede for end tidligere antaget, at
démme bl.a. efter eraringen i andre
lande.

Diskrepancen mellem 1981-ars el-
prognose og den virkelige udvikling
samt forsinkelser i oprettelsen af et sili-
ciummetalveerk i Ost-Island som af den
forrige regering var planlagtat komme i
drift 1984-85 har fort til en ikke ubetyde-
lig overkapacitet hos Lansvirkjun; lan-

dets stdrste elproducent,

Elproduktionen

Island i 1985 udgjorde elproduktio-
nen lait 3837 GWh mod 3914 aret fér.
Heraf blev 95,4% produceret i vand-
kraftvaerker (95,5% i 1984); 4,5% ved
geotermiske kraft (4,4% aret for) og
0,1% dieselkraftvaerker; samme andel
som i 1984.

Installeret effekt i islandske kraftvaer-
ker var 921 MW ved udgangen af 1985
(917 MW i slutningen af 1984), hvoraf
752 MW i vandkraftveerker (uforandret
fra forrige ar); 128 MW i konventionale
varmekraftvaerker  (diese!; kondens:
gasturbiner) (126 aret for) og 41 MW |
geotermiske vaerker (39 MW).

| den sidste del af 1984 kom byg-
gearbejdet i gang med Blanda vand-
kraftvaerk i den vestlige del af Nord-Is-
land som skal vaere pa 3x50MW.
Byggherren er Landsvirkjun. | april 1985
undertegnedes en kontrakt med det ja-
panske firma Sumitomo om leverancer
afturbiner og generatorer till Blanda. Ef-
ter nuvaerende planer skal kraftvaerket
vaere Klart til drift til efteraret 1989, men
deter muligtatidrifttagningen udskydes
med 1-2 ar hvis igangvaerende for-
handlinger om ny kraftvaerkende indu-
stri traekker i langdrag.

Statens Elveerker har i 1985 haft en
reekke 66 og 132 kV regionale overfo-

ringsledninger i Nord- og Ost-Island un-
der bygning.

Elpriser

Landsvirkjuns engros tarif forhoje-
des den1.jan. 1985 med14 % i forhold til
den som gjaldt fra 1984-05-01. Den 1.
jan 1986 forhojedes tariffen igen med
14 9%, saledes at den da var 30 % hdjere
I6bende kroner end den 1. mai 1984, |

fast pengevaerdi (d.v.s. inflationskorrige-
ret) var engros tariffen imidlertid 2,6 %
lavere den 1. jan. 1985 0g 17,9 % lavere
den 1. jan 1986 en den 1. mai 1984.

I 1984 blev kontrakten meliem
Landsvirkjun og Det islandske alumi-
niumselskab revideret og elprisen del-
vis knyttet til aluminiumsnoteringerne.
P& grund af lave prisnoteringer pa alu-
minium i hele 1985 var elprisen til alumi-
niumsvaerket den samme i alle kvartal
af 1985, 12,5 mUSD/kWh (0,0947 SEK/
kWh if6lge kursen den 31. dec 1985.)

Den af industriministeren i 1984 be-
budede og af Altinget igangsatte etape-
vise afskaffelse af prisudjsevningsatgit-
ten pa el, som dengang var 19 % er ikke
kommet noget videre i 1985, idet den
var pa 16 % savel ved arets begyndelse
som dets udgang. Man regner dog med
at dette kun kendetegner et midiertidigt
stop i afviklingen af denne afgift.
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Norge

Energipolitikk

eglermgen fremla 1 1985 for
RSI(thmget tfre meldinger som
vil prege energidebatten i No--
ge 1 arene ‘remover. Det dreier seg om
Stortingsmeiding nr. 63 "Om Samlet
plan for vassdrag” og Stortingsmelding
nr. 71 "Norges framticige energibruk og
-produksjon” (Energmeidingen; samt
St prp. nr 89 "Verneplan Il for vass-
drag” Meldingene ventes a bl behand-
let | Stortinget 1 varsesjonen 1986.

Gjennom Samiet pian ‘or vassdrag
har man fatt er samietlandsomfattende
giennomgang og kartlegging av lan-
dets gjenveerende vannkrafipotensiaie
0g «onsekvenser av vassdragsutbyg-
ging forandre brukennteresser. | Samlet
plan er aetvurdert 540 prosjektalternat-
ver 1 310 vannkraftorosjekter som tilsva-
eren kraftmengde pa i underkantav 40
Wh midlere arsproduksjon.

Prosjektene er rangert - 16 grupper.
Prionteringskrteriene har 1+ hovedsak
vaert xrafiverkspkonomisk lonnsomhet
og konflikigraden med andre interesser.
Gruppene 1 Samlet plan inndeles 1 3 ka-
tegorier Kategor | - tilsammen 11 TWh/
ar er prosjekier som alle kan behand-
les straks og fortlopende ‘or & bidra tl
energidekning 1+ arene fremover. Kate-
gor Il omiatter gruppene 6-8 | Samlet
plan med omlag 7 TWh midlere kraft-
produksjon. Dette er prosjekter som et-
ter neermere vurdering kan nyties il
kraftutbygging eller andre formal. I den
tfredje kategorien or prosjekter som ba-
sertpade tekniske utbyggingslasninger
som hittit er vurdet, ikke anses aktuelle
for kraftutbygging pa grunn av meget
stor konflikigrad med andre brukerinte-
resser og/eller hoye utbyggingskostna-
der.

Regjeringen leggeropp titaten vide-
reforing av arbeidet 1 Samlet plan, bla.
yiterligere vurderning av prosjekter pa
bakgrunn av nye forutsetninger eller
opplysninger om  brukerinteressene,
skier innenfor den ordinaere forvaltning-
en.

I Energmeldingen (Stortingsmel-
ding nr. 71 legger Regjeringen frem en
oversiktover Norges energisituasjon g
trekker opp hovedretningslinjer for
energipolitikken frem mot ar 2000. Mel-
dingen tar spesielt for seg utviklingen i
Innenlands ettersporsel frem til 1995,
med seerlig vekt pa kraftettersparselen
0g tiltak for & dekke denne.

Norges meget gunstige situasjon
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nar det gjelder energiressurser under-
strekes - med tilstrekkelige vannkraft-
ressurser il fullt ut & dekke elektrisitets-
forbruket, og med en produksjon av olje
0g gass som er 7-8 ganger hayere enn
det innenlandske forbruket av petro-
leumsprodukter.

Regjeringen ser pa energipnsene
som det viktigste virkemiddel for & ‘rem-

me en effektiv og rasjonell bruk av ener-
giressursene idet det er forutsatt for-
holdsvis hey priselastisitet. Energiprise-
ne bor avspeile samfunnets kostnader
ved 4 fremskaffe merenergi. Dette vil fo-
re til rasjonell utnyttelse av ressursene
og stimulere til innsparng 1 energifor-
bruket der dette er samfunnsekonomisk
lonnsomt. For petroleumsprodukter og



andre energiprodukter som har etinter-
nasjonait marked, vil Regjeringen holde
fast ved en prispolitikk som innebeerer
at verdensmarkedets priser danner ut-
gangspunkt for innenlandsprisene.
Meldingen tar ikke sikte pa en dref-
ting av prispolitikken for kraft til kraftin-
tensiv industri og sterre treforedlingsin-
dustri. Denne er fastlagt av Stortinget pa
grunnlag av seerskilte proposisjoner
varen 1983 og -84. Nar det gjelder fast-

Norges forsta vagkraftverk baserat pa prin-
cipen "svdngande vattenyta” togs i provdrift
i Oygarden utanior Bergen i november 1985

Norway's first wave power plant based on the
principle of "multiresonant oscillating water
column” was taken into pilot operation at
@ygarden near Bergen in November 1985

kraft til alminnelig forsyning, mener
Regjeringen at samfunnets kostnader
ved & fremskaffe ny fastkraft ber veere
retningsgivende ogsa for prissettingen.
Siden utbygging av fastkraftkapasiteten
er sveert kapitalkrevende, blir kostnaden
for nedlagt kapital, dvs. kalkulasjonsren-
ten, vesentlig for den samlede kostnad
for ny kraft. Mens det i de senere ar har
veert vanlig a legge til grunn en kalkula-
sjonsrente pa 5% ved prissammenilig-
ninger, har Regjeringen i denne mel-
dingen basert ettersparselsprognosene
for krafttil alminnelig forsyning i 1995 p&
elpriser som svarer til kostnaden for ny
kraft beregnet med 6% kalkuiasjons-
rente.

| prognosene for samlet energiet-
terspersel frem mot arhundreskiftet er
det forutsatt en betydelig bedret ener-
gieffeldivitet. Sammenliknet med uend-
ret energieffektivitet innebaerer efters-
parselsprognosene et redusert energi-
forbruk tilsvarende 83 PJ i 1995 og 140
PJ i ar 2000.

Som basisalternativ for den videre
planiegging har Regjeringen lagt il
grunn en prognose som gir et fastkraft-
forbruk i alminnelig forsyning pa 70
TWh i 1990, 75,5 TWh i 1995 og 83,0
TWh i 2000. Prognosen bygger bl.a. pa
en gjennomsnittlig akning i BNP for fast-
lands-Norge pa 2,3% p.a. frem til ar
2000.

Rammen for fastkraft til kraftintensiv
industri, som idag er pa 31 TWh, settes
til 33,2 TWh i 1990, 35 TWh i 1995 og
deretter uendret til &r 2000.

Inklusive paslag for usikkerhet i et-
tersparselsanalysene blir Regjeringens
maltall for nedvendig fastkrafttiigang
104,7 TWhi1990 0og 111,5 TWh i 1995.
For illustrasjonsformal angis ngdvendig
krafttiigang i ar 2000 til 120 TWh.

Etter Regjeringens vurdering er det
mulig & dekke den innenlandske etter-
spersel etter fastkraft frem til &r 2000 ved
fortsatt utbygging av vare vannkraftres-
surser tit lavere kostnad enn alternative
mater & skaffe elektrisitet pa.

Det forutsettes i meldingen at en re-
vurdering av ettersparselsutviklingen
og tilgangen blir fremlagt for Stortinget |
en egen melding i varsesjonen 1987.

I motsetning til Samlet plan behand-
ler Verneplan lil bare et utvalg av vass-
drag der verneinteressene synes &
veere seerlig store. Forslagetsom legges
frem i Verneplan Il omfatter varig vern
av 49 vassdragsprosjekter med et sam-
let kraftipotensiale pa 10,3 TWh. Med de
vassdrag som tidligere er vernet i ver-
neplanlogllviltisammen 22 TWh veere
undergitt varig vern. Verneplan ill og
Samlet plan for vassdrag griper inn i
hverandre ved at vassdrag i verneplan
Il som ikke blir gjenstand for varig vern
vil inngd i Samiet plan.

Stortinget vedtok sommeren 1985
endringer i Norges vassdrags- og elek-
trisitetsvesens organisasjon og som
tradte i kraft 1.1.1986. Detftidligere Direk-
toratet for Statskraftverkene t NVE er
dermed skilt ut som egen forvaltnings-
bedrift under navnet Statkraft, med eget
styre og underlagt Olje- og energide-
partementet (OED).

Energidirekioratet og Vassdragsdi-
rektoratet fortsetter som egne direktora-
ter innenfor fellesetaten Norges vass-
drags- og energiverk, NVE. NVE ledes
av en generaldirekigr med et rad under-
lagt OED.

Elektrisitetsforbruk

Samlet bruttoforbruk til alminnelig
forsyning og kraftintensiv industri gkte
med 5,0% fra 1984 til 97,6 TWh i 1985.
De siste 10 ar har dette forbruket gkt
med i gjennomsnitt 3,6 % pr ar.

Fastkraftforbruket innen alminnelig
forsyning okte med 10 % il 65,8 TWh re-
ferert kraftstasjon. 1985 var imidlertid et
kaldere ar enn normalt, og korrigert til
normale temperaturforhold biir forbru-
ket 63,6 TWh. Aretfor vartilsvarende for-

bruk 60,9 TWh, dvs. vi har hatt en tem-
peraturkorrigert forbruksvekst pa 4,4 %.
Dette forbruket var 4,6 TWh hayere enn
hva som var prognosert iflg. forrige
Energimelding fra 1980. Arsaken antas i
forste rekke & vaere atelvarme i hele pe-
rioden harvaert det klart billigste oppvar-
mingsalternativ, og omlegging til elvar-
me fra olijeoppvarming har veert starre
enn antatt i Energimeldingen.

| den nye Energimeldingen i 1985
presenterer Regjeringen nye prognoser
for det alminnelige forbruket, nd med
1983 som basisar. Sammenlignet med
en jevn forbruksvekst fra det faktiske for-
bruket i 1983 og frem il det prognoserte
forbruketi1990 (70 TWh) var dettempe-
raturkorrigerte forbruket i 1985 allerede
1,6 TWh hayere enn forutsatt.

Regjeringen forutsetter altsa en
giennomsnittlig arlig forbruksvekst pa
2,45% i perioden 1983-1990. Til sam-
menligning har det temperaturkorriger-
te forbruket steget med 4,1% pr. ar i
gjennomsnitt siden 1977, og med arlige
vekstrater som hver for seg bare margi-
nalt avviker fra gjennomsnittet for perio-
den.

Som grunn for den fortsatt sterke for-
bruksveksten fra 1984 ma vi farst og
fremst trekke frem den generelt gunsti-
ge gkonomiske situasjonen 1985, med
sterk vekst i tienesteytende naeringer og
i det private forbruk. Til forskijell fra de
naermeste foregaende ar er det i 1985
ikke antattat noe av gkningen i elforbru-
ket skyldes overgang fra olje til el i opp-
varmingssektoren. Omregnet til ekviva-
lent mengde elektrisitet levert forbruker
sersalgetav lette fyringsoljer uttil & veere
10,7 TWh, ca 10 % gkning fra 1984. Men
korrigert til normale temperaturforhold
ser det uttil & bli en marginal nedgang i
lettoljeforbruket.

Kraftintensiv industri har i 1985 brukt
31,0 TWh referert kraftstasjon, en ned-
gang pa 1,1 TWh eller 3,4% fra 1984.
Forbruksnedgangen har sin bakgrunn
bade i generelt darligere marked for in-
dustriens produkter, og at prisene for til-
feldig kraft i 1985 gjennomsnittlig har
vaert ca. 2,5 ganger gjennomsnittspri-
sen for 1984. Dette siste forhold har gjort
bedriftene mer tilbakeholdne med a kjo-
pe tilfeldig kraft for & supplere sin fast-
krafttigang.

Omsetningen av tilfeldig kraft il
elektrokjeler var i 1985 4,3 TWh eller 4,6
TWh referert kraftstasjon. | de senere ar
har vi spesielt hatt en sterk gkning i ins-
tallasjon av elektrokjeler med lettolje
som fyringsreserve. Dette har sin bak-
grunn i haye oljepriser og god tilgang
pa rimelig tilfeldig kraft. Det innenland-
ske marked for tilfeldig kraft til elektro-
kjeler er vurdet til 5,7 TWh pa arsbasis.
65% av dette markedet har tungolje
som fyringsalternativ.

Den maksimale systembelastning
som refererer seg til det innenlandske
forbruket, er i 1985 anslatt til 17.324 MW
og inntraff 11. februar. | 1984 var maksi-
malbelastningen 16.993 MW.
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Elekirisitet dekket i 1985 47,6% av
det teoretiske energiinnholdet i energi-
beerere levert forbruker (netto sluttfor-
bruk). Oljeprodukter dekket 36,8%
mens faste brensler og gass dekket det
resterende, 15,6 %.

Elektrisitetsproduksjon

Ved utgangen av 1985 var produk-
sjonsevnen for fastkraft i det norske
kraftsystem ca 95 TWh, medregnet an-
tatte importmuligheter. Nye installasjo-
ner i lopet av aret gkte produksjonsev-
nen med 1,3 TWh, dvs omtrent det sam-
me som i 1984, De to siste arene repre-
senterer likevel en belgedal hva angar
fysiske utvidelser i produksjonssyste-
met. Til sammenligning gkte produk-
sjonsevnen med ca 2,5 TWh pr &r som
giennomsnitt i de 5 foregaende ar.

Tilveksten I maskinkapasiteten
(maksimal stasjonsytelse 1 stasjoner
med ytelse 1 MW elier mer) var 833 MW
i 1985. Av en total maskinkapasitet pr
31.12.85 pa 23.803 MW, hvorav 311 MW
varmekraft, eier Statkraft 31,4 %, kom-
muner og fylkeskommuner 51,1% og
private og industriselskaper eier 17,5 %.

Det nyttbare tilsiget til kraftproduk-
sjonssystemet var i 1985 97 % av nor-
malt, svarende til 100 TWh. | kombina-
sjon med ca 2 TWh reduksjon i vann-
magasinbeholdningen over kalender-
aret og et kraftforbruk til pumping pa 0,8
TWh ga dette grunnlag for en vannkraft-
produksjon pa 102,9 TWh. Med tillegg
av ca 0,3 TWh varmekraftproduksjon
ble totalproduksjonen 103,2 TWh. Dette
er 3,5 TWh mindre enn rekordproduk-
sjonen i 1984, men likevel sveert naer
hva som er beregnet som midlere pro-
duksjonsevne for det norske systemet
pr. 1985.

Kraftutvekslingen med nabolande-
ne resulterte i en liten netto eksport, 0,6
TWh, mot Danmark. Mot Sverige var det
3,4 TWh eksportog 3,4 TWhimport, dvs.
balanse i kraftutvekslingen.

Ved utganganav 1985 varmagasin-
fyllingen 66,9% mot ca. 73% som me-
dian for arstiden. Magasinkapasiteten
okte i lgpet av aret med vel 8,1 TWh il
73,6 TWh. Flerarsmagasinet Blasjo i Ul-
la-Farre representerer alene 7,8 TWhav
kapasitetsgkningen.

Elektrisitetspriser

Statskraftprisen for levering til aimin-
nelig forsyning ekte fra 14,7 are/kWh til
15,45 gre/kWh 1. mai 1985. Stortinget
har fattet vedtak om ytterligere gkning
med 7% til 16,53 gre/kWh fra 1. mai
1986. Prisen er et beregnet giennom-
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snittved 6000 timers brukstid og referert
sentralt sted, nedtransformert.

Gjennomsnittsprisen for elektrisitet
levert til husholdninger og jordbruk var
33,8 ore/kKWh i 1985, alle avgifter inklu-
dert. Prisvariasjonene mellom de ulike
forsyningsomradene kan imidlertid vee-
re betydelig - forholdet mellom hayeste
og laveste elpris er omtrent 3:1. Tjene-
steytende virksomhet og industri innen
alminnelig forsyning betaler gjennom-
gaende en noe hgyere pris enn hus-
holdningene for sin kraft. Abonnenter
med husholdningstariffer hadde ogsa i
1985 gkonomiske fordeler ved & dekke
sitt oppvarmingsbehov ved elekirisitet
fremfor parafin og lettolje. Den forbruk-
savhengige kostnaden i en H-4 fariff -
som er den vanligste - var i landsgjen-
nomsnitt ca 30 ere/kWh inkl. avgifter,
mens ekvivalent energikostnad ved let-
toljefyring var ca 40 are/kWh. Prisdiffe-
ransen var likevel adskillig mindre enn i
de fire foregaende ar. | 1986 ser prisre-
lasjonene ut til & vri seg slik at lettoljefy-
ring kan falle rimeligst nar anlegget fore-
finnes.

Den generelle elektrisitetsavgift som
belastes forbruker var i 1985 2,9 ore/
kWh, og gjaldt for leveringer til bade
kraftintensiv industri og alminnelig for-
syning. For 1986 er avgiften fastsatt til
3,1 are/kKWh.

Langtidsgrensekostnaden uttrykker
den samfunnsgkonomiske kostnad ved
en marginal gkning av kraftsystemets
evne til & levere fastkraft til mottakere
som allerede er tilknyttet kraftsystemet.
For alminnelig forsyning og referert for-
brukers vegg er langtidsgrensekostna-
den beregnet til naer 28 are/kKWh inkl.
merverdiavgift. Det er da nyttet 5% kal-
kulasjonsrente og pengeverdi pr.
1.1.1985.

Stamnettet

P& de heyere spenningsnivaer ble
ingen sterre overferingsanlegg idriftsatt i
1985. Utvidelsene dreier seg kun om
kortere linjer til lokale forbedringer.

5. august inntraff uansket overlastut-
lesning med etterfelgende totalt sam-
menbrudd av 300 kV hovednettet mel-
lom Telemark og Rogaland. Store deler
av Serlandet ble berart, enkelte omra-
der opptil 2,5 time.

industristav og fuktig vaer var 12. de-
sember arsak til kortslutning i Hamang
transformatorstasjon, med marklegging
av store deler av Oslo-omradeti 2 timer
til falge.

Av viktige utbyggingsplaner kan
nevnes: Mot slutten av 1986 vil 300 kV

linjen Rana-Trendelag bli fullfert, og
overferingen mellom Hardanger/Sogn
og Oslo-omradet vil i 1988 bli styrket
med en ny 420 kV ledning pa den gstre
del av strekningen. Videre er det planer
under utarbeidelse for en 420 kV fors-
terkning av overfgringsevnen mellom
Ulla-Ferre (Ser-Vestlandet) og Oslo-
omradet, med idriftsettelse 1989. En har
under vurdering videre utbygging av
300/420 kV-nettet i det sentrale Jstlan-
det med Oslo. Dette er ngdvendig av
hensyn til kraftoppdekningeninnenom-
radet, men vil ogsa kunne ha konsek-
venser for utvekslingskapasiteten mot
Sverige over @stfold.

Det er gjort avtale om bygging av en
ny 220 kV mellomriks kraftforbindelse
mellom Porttipahta i Finland og Varang-
erbotn i Norge for gjensidig kraftutveks-
ling. Forbindelsen er beregnet ferdig i
1988.

Annet

Gjennom 1985 har det veert en
gkende interesse for mulighetene il &
benytte gass fra norsk kontinentalsokkel
il kraftproduksjon, dels som alternativ til
vannkraften og dels som fremtidig ener-
gikilde nar vannkraften er fullt utnyttet.
Statoil og NVE har i fellesskap utarbei-
det en rapport som nzermere redegjor
for produksjonskostnadene for gas-
skraft.

To prototyper for beglgekraftverk,
Kvaerner Brug A/S ("Svingende vann-
seyle”) og Norwave ('Kilerenne”) ble
apnet for drift den 13. november 1985.
Effektene er henholdsvis 500 og 350
kW med en anslatt arsproduksjon pa
1,8 GWh og 2,2 GWh. Anleggene er
plassert vest for Bergen.

Bolgekraftantas & kunne konkurrere
kostnadsmessig nar det gjelder sma
kraftproduksjonsanlegg.

Pa statsbudsijettet for 1986 er detav-
satt midler for gjennomfaring av et pre-
veprosiekt for vindkraft (55 kW) pé
Fraya. Malsettingen erilgpetav en 3-ars
periode & utvikle et prototypanlegg for
kombinasjon av vindkraft — og dieselag-
gregat som er egnet til elforsyning av
sma eysamfunn eller isolerte steder
langs norskekysten.

Norsk elektrisitetsforsyning markerte
sitt 100-arsjubileum med et sterre arran-
gement og jubileumsutstilling i Skien i
dagene 27. september — 2. oktober
1985. Det var ogsa i Skien at det forste
elverk for alminnelig forsyning startede i
Norge i 1885, bare tre ar etter at verdens
forste elektrisitetsverk ble apnet i New
York i 1882.



Energipolitik

egeringen framlade 1 februan
qmoposwton med riktlin.erforener-
gipolitken fram till mitten av 1990
talet (prop 1984/85:120). Huvuduppgif
ten anges vara att fullfolja omstaliningen
fran olja tilt inhemska. fornybara energi -
kalior. Samtidigt skall en avvecklings-
plan {or karnkraften ta form steg for stey
med innkining na att den sista reaktorn
tas ur dnft senast ar 2010.
Salangetillgangen pa oillig elenerg
ar god skall den anvandas for att ersatta
olja och kol framst for uppvarmning. Pa
langre sikt skail elenergin ersattas ge-
nom hushallning. inhemska branslen

och ny varmeteknik. Motiryckskraften
inom ndustrin och kammunernas fjarr-
varmesystem skall tillvaratas ytterligare.
Fortsatt satsning p& utveckling av vind-
kraften foreslas ocksa.

Aven med ovannamnda atgarder
kan nya elproduktionsanlaggningar av
beprovat slag - vattenkraft och kotkon-
dens - komma att behovas for att ersat-
ta karnkraften. Riksdagen har tidigare
beslutat om ¢n utbyggnad av vatten-
kraften till en medelarsproduktion av 66
TWh En komplettening av tidigare ut-
byggnadsolan ior att uppna denna niva
finns med 1 propositionen. | denna an-
gavs vidare att studier borde genomfo-
ras for att narmare utreda vattenkraflens

Karnkraftverket Oskarshamn 3 med 1050 MW
nettoeffekt invigdes i oktober 1985

The third unit at the Oskarshamn nuclear
power plant (1050 MW) was commissioned in
October 1985

roli 1 det framtida energisystemet.
Energipropositionen godkandes av
rksdagen | borjan av uni utom vad av-
ser foreslagna riktlinger for vattenkraf-
tens roil pa lang sikt. Riksdagen ansag
att de tyra huvudalvarna Torne-. Kalix..
Pite- och Vindelalvarna inte skulle byg-
gas ut och aft nagra ytterligarc overva-
ganden betraffande dem inte bor goras.
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Narmed avvisades i propositionen an-
gvna studier om vatterkraften v defla
hanseende

Regerngenr pestailde under varen
fre Ltrednngar . syfte att oka beredska-
pen mot uch vid elavorott, Utredningar-
na avser drvmedelstorsorningen vid
slavbrolt. reservkraft vid dla. landets
sjukbus samt behovet av atgarder for att
‘orebygga slavorot mam.

Statens energiverk har fatt regering-
ens uppdrag att folja mottrycksproduk-
tionen wvid industrier och flarrvarmean-
faggningar samt att infedningsvis gora
en sarskild utredning om underiaget for
kraftvarmeproduktion 1 landet. Vidare
skall en inventering av landets torvrar-
ker goras.

Sydgasprojektet invigdes officiellt |
juni och leveranserna il abonnentar |
vastra Skéne pabcrjades under scm-
maren. Forhandlingar har forts om ut-
byggnad av gasnatet langs vastkusten
1l Goteborg.

Lag om forsonningsberedskap pa
naturgasomradet har antagits. Tills vi-
dare avser lagen endast storforbrukare
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och distnbution til bostadsomraden.
Kommunernas pianerngsansvar pa
det erergipolitiska omradet har utoxals.
En plan for tillfiorsel, distrbution och an-
vandning av onerg skall finnas - varje
kommun from. 1986, Vid samma lic
punk: avskaffas statens stod til kommu-
nerna for deras verksamhet med ene’-
gibesikining och energiradgivaing. Vi-
dare sanks de statliga energispartidra-

SKAGERRAK

%

gen. Statens energiverk har faft rege-
nngens uppdrag aft 1 samrac med
byggiorskningen och planverket Jtfor-
ma hjalpmedel for den lokala energi-
hushallningsverksamheten 1 form av
s.k. nyckeltal for bostader och lokaler av
olika slag.

Hosten 1985 traffades overerskom-
melse mellan staten och kraftindustnn
om eft nytt utveckiingsprogram for vind-
kraften. Parterna skall vardera svara for
haltten av utvecklingskostnaderna. £n
utredming har aven tilisatts om forlagg-
ningen av vindkraftverk vid en eventuell
kommande utbyggnad.

Med anledning av de svara over-
svamningarna i Kooparbergs och Gav-

‘eborgs lan unaer hosten 1985 har er
sarskila utredare tlikallats for att kartiag-
ga behovet av atgarcer for at minska
nsken ior Heh effekierna av oversvam-
ninga-, Utredaren skall bla. bedoma
behovel av kompletierande atgarde-
vid iandets dammar cch kratverk samt
studera ‘Grutsatningarna att bygga Gt
sma vatenkraftverk vid aldre overgivna
dammar.

Riksdagen godkande under varen
ett av regeringen framlagt program mol
wftfororeningar ocn forsurning. Pro-
grammet innebar bla. att katalytisk av-
gasrening for personbilar samt blyfn
bensin successivt INfors.

Besiutet innebar att kvaveoxidut-
slapper fill 1995 skall minskas med
30 % jamiont med 1980 och att svavel-
utslappen under samma perod skal
minskas med 65 . Anslagen till atgar-
der mot forsurning, bl.a. kalkning, okas
avsevart.

| slutet av aretinfordes en differentie-
ring av bensinskatten s& alt skatten pa
plyfri bensin fro.m. 1 januar 1986 blir 16
are per liter lagre an pa blyad bensin,



Katalytisk avgasrening for personbilar
blir obligatorisk fr.o.m. 1989 &rs model-
ler. For 1987 och 1988 ars modeller
sanks forsaljningsskatten avsevart om
de skarpta avgasreningskraven upp-
fylls medan den hojs om sa ej ar fallet

Regeringen tillkallade under hosten
1985 ett sarskilt samradsorgan, energi-
radet, for fortldpande informationsutby-
te och diskussion om atgérder som har

| Alvkarleby kommer den gamla stationen att
byggas ut med ett nytt aggregat

At Alvkarieby the old station will be expanded
with a new unit

Kabeldragning i Oresund
Cable pulling in the Oresund Channel

vidtagits elier behover vidtas for att for-
bereda och genomfora kérnkraftsav-
vecklingen.

Regeringens strategi for avveckling-
en innebar foljande: Ar 1990 skall rege-
ring och riksdag kunna lagga fast en
plan for utvecklingen av hushallning
och alternativ energiproduktion. Ar1995
skall regering och riksdag kunna fatta
beslut om en omstallningsplan som
konkret visar hur de olika reaktorerna
skall fasas ut och erséttas med ny teknik
samt om den lagstiftning som skall reg-
lera omstaliningen. Vid slutet av 1990-
talet skall omstaliningen inledas och se-
dan genomfdras successivi. Ar 2010
skall karnkraftsavvecklingen och om-

stallningen vara avslutad.

Karnkrafthaveriet i Tiernobyl i slutet
av april 1986 har i Sverige letttill att rege-
ringen bla. startat utredningar om en
snabbare aweckling av karnkraften an
tili &r 2010. Fragan har inte hunnit beak-
tas i landsartikeln.

Elanvandningen

Den totala elférbrukningen i Sverige,
inklusive overforingsforluster, uppgick
under 1985 till 130,8 Twh. Okningen
jamfort med 1984 var 11,3 TWh, vilket
motsvarar 9,4 %. Mellan 1983 och 1984
steg forbrukningen med 8,4 % och mel-
lan 1982 och 1983 med 10,8 %.

Av den totala elfdrbrukningen utgjor-
des 5,2 TWh (6,6) av leveranser (inkl.
beraknade forluster) till avkopplingsba-
ra elpannor. Den prima elférbrukningen
inom landet var saledes 125,6 TWh, vil-
ketar11,2% hogre an1984. Melian 1983
och 1984 steg forbrukningen exklusive
elpannor med 7,4 %.

Efter omrakning till normaltempera-
tur och normalkonjunktur ser utveck-
lingen av den prima elférbrukningen ut
pa foljande satt:

1982-83 +6,5 TWh (6,5 %)
1983-84 +7,0 TWh (6,6 %)
1984-85 +6,5 TWh (5,7 %)

industrins elanvandning uppgick
1985 till 47,8 TWh, vilket ar 1,5 TWh eller
3 % hogre an 1984. Okningstakten 1983
il 1984 var 9,2 %. Den svenska hogkon-
junkturen nadde troligen sin toppniva
under slutet av 1985. Av totala industri-
forbrukningen utgjordes 1,2 TWh av le-
veranser till avkopplingsbara elpannor.
Exkluderas dessa ar arsdkningen 3,5 %.

Gruvor och traindustri &r de bran-
scher som procentuellt dkat sin elan-
vandning mest, ca 10 %. De tunga elfor-

brukarna (massa- och pappersindustri,
jarn- och stalverk, kemisk industri och
verkstadsindustri) 6kade sin elanvand-
ning med mellan 2 och 4 procent. Ab-
solut sett svarade massa- och pappers-
industrin for den stérsta ékningen, 660
GWh. Textil- och bekladnadsindustrins
elférorukning minskade med 20 %.

Jamn- och sparvagarnas elforbruk-
ning blev 2,6 TWh, d.v.s.drygt 7 % hogre
an 1984.

Elforbrukningen inom sekiorn bo-
stader, service, varmeverk m.m. upp-
gick till 69,2 TWh varav 3,7 TWh var av-
kopplingsbar elpannekraft.  Jamfort
med 1984 har totala elférbrukningen
inom sektorn okat med 7,9 TWh eller
nara 13%, medan elpanneleveranser-
na minskade med 1,2 TWh.

Belastningens hogsta timvarde un-
der aret blev 23 987 MWh och intraffade
mandagen den 18 februari mellan ki 8
och 9. Vardet ar det hogsta som hittills
uppmaétts. Den med hansyn till elbelast-
ningens geografiska fordelning vagda
medeltemperaturen i landet kl 7 namn-
da dag var—25°C, vilket &r ca 20 grader
under normalvardet.

Under den hogsta timmen svarade
vattenkraften for 51% av effekten, karn-
kraften for 30 % och 6vrig varmekraft for
14 %. Importen, framst fran Norge, sva-
rade for 5% (Over 1200 MW).

Driftreserv kunde uppratthélias men
yiterligare belastningsokning hade i hu-
vudsak endast kunnat métas med gas-
turbinkraft i sodra Sverige.

Eltillforsel

Elproduktionen inom landet, med
avdrag for kraftverkens egenforbruk-
ning, uppgick under 1985 till totalt
132,3 TWh, vilket ar 13,2 TWh (11%) mer
an 1984. Vattenkraftproduktionen var
70,1 TWh, en okning med 3,3 TWh
(4,9 %) jamfort med fiolaret. Darmed har
vattenkraften uppnatt nya rekordnivaer
tre ar i f6ljd. Normalarsproduktionen &r
62,1 TWh,

Magasinsfylinadsgraden for samtli-
ga regleringsmagasin var bade vid
arets borjan och slut ca 74 %, vilket mot-
svarar en lagrad energimangd av
25TWh. Hogsta magasinsfylinaden
uppnaddes i november och var da
92 %, vilket ar 14 procentenheter Over
medianvardet. Arstillrinningen 6versteg
medelvardet for perioden 1950-1980
med 289%. Varflodsvolymen var nagot
stdrre &n normalt. Under sensommaren
var tillrinningen mycket kraftig.

Karnkraftverkens produktion under
1985 var 55,9TwWh, en okning med
74TWh (153%) jamfort med 1984,
Karnkraften svarade darmed for 42,2 %
av landets totala elproduktion.

Ur driftsynpunkt var 1985 ett mycket
bra ar for svensk karnkraft - som helhet
det basta hittills. Sa gott som alla upp-
stallda mal for produktionsekonomioch
sakerhet har uppnatts och Overtraffats.
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Mycket fa stora patvingade stopp har
stort driften. Den genomsnittliga ener-
giutnyttiningsfaktorn for samtliga tolv
block var 86 %. Det hogsta vardet note-
rades for Barseback 2 med 97 % och
det lagsta for Oskarshamn 1 med 73 %.

Mottrycksproduktionen uppgick till
5,4 TWh, vilket &r 52 % hogre an 1984,
Produktionen i kondensverk, gasturbi-
ner mm. var 0,9 TWh att jamfora med
fiolarets 0,2 TWh. Okningen av den kon-
ventionella varmekraftproduktionen be-
ror pa den kalla vintern i kombination
med ett hdgt konjunkturlage.

Hela den pa konventionella brans-
len baserade elproduktionen utgjorde
4,7 % av landets totala elproduktion.

Importen av elenergi uppgick under
1985 till 5,1 TWh (5,7 TWh foregaende
ar). Exporten blev 6,7 TWh, vilket ar 1,4
TWh mera an aret innan. Kraftutbytet
med grannlanderna resulterade sale-
des 1985 i ett exportdverskott pa 1,5
TWh, att jamfora med fiolarets import-
Overskott pa 0,4 TWh.

Den installerade effekten i vatten-
kraftstationer 6kade under 1985 med ca
245 MW. De stdrsta nytillskotten utgjor-
des av aggregat 4 i Stornorrfors i
Umealven (185 MW) och Sadva krafista-
tion i Skelleftedlven (31 MW).

Under aret har tva nya karnkraft-
block, Forsmark 3 och Oskarshamn 3,
tagits i drift, vardera med en nettoeffekt
pa 1050 MW. Den sammanlagda netto-
effekten i de svenska kérnkraftverken
blevdarmed 9 455 MW. Inga storre kon-
ventionella varmekraftverk har tillkom-
mit under 1985.

Under1985 har detcentrala lagret for
anvant karnbransle tagits i drift.

Stamnadatet

Norra och sodra Stockholmsomra-
dena har kopplats ihop med en dubbel
400 kV ledning éver Malaren. Den nya
forbindelsen, som ersatter en tidigare
enkel 400 kV ledning, iInnebar vasentligt
forbattrade matningsforhallanden  fér
sddra Stockholmsomradet.

For anslutningen av block 3 1 Os-
karshamns karnkraftverk har tvd nya
400 KV ledningar, Oskarshamn-Norr-
koping och Oskarshamn-Alvesta tagits i
drift under aret. De innebar, forutom er-
forderlig natkapacitet for utmatning av
produktionen, ocksa forbattrade dverfo-
ringsmojligheter fran mellersta till sédra
Sverige och till Sjalland.

Beslut har fattats om att bygga en
tredje sjokabelforbindelse for hég-
spand likstrom (HVDC) mellan Gotland
och fastlandet. Planerad idrifttagning
1987, kapacitet 130 MW. For att bereda
plats for den nya forbindelsen kopplas
den didsta av HVDC-forbindelserna
bort. Denna togs i drift 1954 och var den
forsta kommersiella HVDC-forbindel-
sen i varlden.

For att hoja kortslutningssakerhet
och belastningsformaga pa stamnétet
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har forstarkningsatgarder genomforts
och ar under arbete pa ett flertal led-
ningar och stationer.

Samkorningsforbindelser

En andra 400 kV sjokabelforbindel-
se for vaxelstrom har tagits | drift mellan
Sverige och Sjalland. Forbindelsen in-
nebéar att man kan uppratthdlla och
kanske ocksa oka samkaérningskapaci-
teten mellan de bada omradena.

Avtal har traffats mellan Vattenfall
och ELSAM om att bygga en ersattande
HVDC-férbindelse mellan Sverige och
Jylland (Kontiskan 2). Planerad idrifttag-
ning hosten 1988, dverféringskapacitet
300 MW. Existerande HVDC-fdrbindel-
se (Kontiskan 1) narmar sig sin tekniska
livslangd men behalls i drift tills vidare.

Mellan Vattenfall och Imatran Voima
Oy har avtal traffats om att bygga en
HVDC-forbindelse mellan ostra Svea-
land (Forsmark) och sydvastra Finland
(Raumo). Planerad idriftagning i slutet
av 1989, overforingskapacitet 420 MW.
Forutom for fasta och tillfalliga kraftut-
byten kan denna forbindelse ocksa ut-
nyttjias for att optimera parallellarbetet
melilan de svenska och finska éverto-
ringsnaten.

Sverige och Norge har under aret
fortsatt de gemensamma studierna om
erforderliga néatatgarder 1 samband
med planerade produktionsutbyggna-
der i Svartisenomradet i Norge.

Elpriser och
energiskatter

Vattenfall har just nu en |opande
kontraktstid for hdgspanningsabonnen-
ter fran 1984-1988 och Sydkraft har haft
eft tvadrsavtal som gick ut 1985. Bada
dessa avtal har f6r abonnenterna inne-
burit att eltarifferna fér hogspanning
Okat under aret med 6%. Prisutveck-
lingen inom andra kraftforetag har varit
likartad. Inflationen under samma tid var
5,7 % vilket innebar ungefar oférandrat
realpris pa el.

| mars 1985 infordes allmant pris-
stopp vilket forsenade hojningar av
lagspanningstarifferna for vissa foretag.
De kom i stallet under juli och var da
drygt 5% bade for Vattenfall och Syd-
kraft.

Under 1985 har energiskatterna pa
oljeprodukter och elenergi forblivit ofor-
andrade. Industrier med en forbrukning
pa mer &n 40000 kWh/ar betalar fér
narvarande 5 Ore/kWh. For oGvriga
elabonnenter ar elskatten 7,2 ore/kWh
utom i vissa delar av norra Sverige dar
den ar 6,2 ore/kWh.

Kolskatten hojdes enligt tidigare avi-
sering den 1 januari 1985 med 43 kr/ton
till 140 kr/ton. En skatt pa naturgas pa
308 kr/1000 m? infordes i januari 1985.

For elenergi, eldningsolja och fasta
branslen som anvands i viss industriell
tillverkning kan regeringen liksom tidi-
gare efter provning fran fall till fall medge
nedsattning av energiskattentill 1,5 % av
de tillverkade produkternas forsalj-
ningsvarde. Fortfarande galler ocksa att
avkopplingsbara leveranser till elpan-
nor ar befriade fran eiskatt under perio-
der da elenergi inte produceras i olje-
eldade kraftverk.

Stornorrfors  vattenkraftstation forseddes
med ett fjarde aggregat med 185 MW effekt

The Stornorrfors hydro power station was
equipped with a fourth unit of 185 MW
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Bakgrund

edan borjan av 1970-talet har

dnftovervakningssystem  for

overvakning och styrning av
kraftsystem genomgatt en snabb ut-
veckling.

Elektronikens, och inte minst dator-
teknikens, enorma expansion under
sjuttiotalet har haft en avgorande inver-
kan pa den utveckling som skapat da-
gens effektiva styrsystem. Denna ut-
veckling har gatti steg; man talar om oli-
ka generationer av driftovervaknings-
system.

Tillen borjan inriktade man sig pa att
datorisera tidigare analoga fjarrmat-
ningssystem. Denna forsta generation
kannetecknades av specialanpassade
system med 1ag grad av flexibilitet samt
svara | underhéllshanseende.

En andra generationens system
mojliggjorde sedan mera flexibla 10s-
ningar vad betraffar underhall och ut-
veckling. Databassystem introducera-
des medan tilldmpningarna fortfarande
berdrde grundlaggande matvardes-
hantering med viss rapportering.

Samtidigt som datortekniken har ut-
vecklats mot annu storre berakningska-
pacitet till lagre hardvarukostnader har
allt mera omfattande informationssys-
tem for driftovervakning och driftplaner-
ing innefattande nya avancerade kraft-
systemtillampningar tagits i bruk. Inom
det korta tidsperspektivetomfattande ca
15 ar har saledes utvecklats tre olika ge-
nerationer av system.

Dagens omfattande datoriserade in-
formationssystem for driftovervakning
och driftplanering har givits den veder-
tagna benamningen EMS som star for
Energy Management System. Funktion-
er for fjarrstyrning och reglering ingar ej
t EMS utan hanfors normalttill sa kallade
SCADA-system (Supervisory Control
and Data Acquisition). [1]

Med hjalp av avancerade driftplane-
rinﬂgssystem som innehaller stora
mangder data och prognoser underlat-
tas en effektiv driftolanering som resul-
terar i ekonomiskt optimalt utnyttjande
av produktionsresurserna och de nor-
diska samkorningsmojligheterna.
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Funktionsomfattningen i EMS-systemen utgér ett brett spektrum. Uppmétta
aktuella matvdrden (ravédrden) bearbetas stegvis i olika funktioner, for att
slutligen omfatta en databas som innehailer en komplett information om
kraftsystemet. Denna databas utnyttjas av hela systemet. De olika funktion-
erna skall i ett fardigt utbyggt EMS-system bilda en integrerad helhet Hard-
var:méissigt efterstrivas langtgaende delegering av funktionerna i mindre
enheter.

Denna artikei avser att belysa saval
tekniska som ekonomiska problem-
stallningar i samband med EMS-syste-
men, samt ge en Overblick dver det ak-
tuella laget inom Nordel.

Malsdttningen med
EMS-system

Dagens kraftsystem har alitflera pro-
duktionsalternativ sasom kombinerad
varme- och elproduktion, alternativa
branslen kol, gas och olja m.m. Sam-
agda produktionsanlaggningar, ut-
byggda samkorningsforbindelser och
mera komplicerade samkdrningsavtal
medfor ofta att det blir allt svarare att
dverblicka kraftlaget i den operativa
driftledningen. Genom automation och
rationellare drift stalles dven storre krav
pa en central drifledning.

Den priméara malsattningen vid drift-
en av ett kraftsystem ar att uppna basta
maojliga driftekonomi samtidigt som en
god driftsékerhet och kvalitet skall upp-
ratthallas.

Helt avgorande for majligheterna att
forverkliga dessa malséatiningar ar att
det finns ett valanpassat informations-
system, som har till uppgift att férse be-
slutsfattare pa olika nivaer och i olika or-
ganisationer med ratt information i ratt
tid for de beslut som skall fattas.

Med hjalp av ett i realtid arbetande
driftdvervakningssystem, som insamiar
data om kraftsystemet, hanterar handel-
seinformation och presenterar 1ampli-
ga sammanstallningar, far driftoperato-
ren battre mojlighet att bedéma saval
driftsakerhet som ekonomi. Operatoren
far battre mojligheter till snabba atgar-
der vid stérningar och genom de effekti-
vare hjalpmedlen kan han béattre utnyttja
kraftreserver och dverforingssystem.

EMS -systemens omfattning

Kraven pa EMS-systemen ar i hu-

vudsak att i driftovervakningen kun-

na

epresentera en komplett bild av
kraftsystemets momentana till-
stand for dvervakning och bedom-
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Nordel 1985

ning av momentan driftsdkerhet
och ekonomi

e fortidpande Overvaka kraftsystemet
inklusive handelserapportering

e utfora statistikbearbetning och rap-
portering

eanalysera aktuellt lage i kraftsyste-
met med avseende pa konsekven-
serna av sannolika fel

efdlja upp ekonomiskt optimal pro-
duktionsfordelning med de aktuel-
la forutsattningarna.

Pa motsvarande satt bor man i drift-

planeringen kunna

e prognosera elférbrukning och vat-
tentillrinningar

¢ berakna ekonomiskt optimala pro-
duktionsplaner pa saval lang som
kort sikt for att optimera brans-
leanskaffning och for att uttnyttja
kraftsystemets tekniska egenska-
per optimalt.

sge underlag for beddmning av
ekonomiskt optimal samkdrning i
Nordelsystemet

eanalysera planer for kraftsystem-
driften med avseende pa konsek-
venserna av planerade handelser
och sannolika fel

ege underlag for faststéllande av
overforingsbegransningar, driftre-
server etc. for att uppratthalla fast-
stélld sakerhet.

Nordel-samarbete kring
EMS-system

Inom Nordels kontaktgrupp NOR-
CON bedrives en samordning av och
erfarenhetsutbyte fran verksamheter
med EMS-system inom de nordiska
landerna. Gruppen har tidigare publice-
rat en rapport dar de olika funktionerna
mera detaljerat definieras. [2]

Som framgar av foregaende avsnitt
tacker funktionsomfattningen i ett EMS-
system ett brett spektrum. Har ingar ett
antal avancerade kraftsystemtillamp-
ningar vars resultat utgor ett mycket var-
defullt och viktigt underlag for bedém-
ning av sakerhet och ekonomi i saval
driftplaneringen som driftévervakning-
en.

Foljande sammanstallning beskri-
ver de kraftsystemtilldmpningar som ut-
nyttjas i EMS system inom Nordellan-
derna. For entydighetens skull refereras
aven till de engelsksprakiga benam-
(rjnngarna vilka blivit allmant acceptera-

e.

Overvakning av drifttillstind

(Security Monitoring, SM)
Syftet med 6vervakning av drifttill-
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stand ar att skapa en komplett och kor-
rekt bild av kraftsystemets aktuella situa-
tion sa att operatoren kan bilda sig en
uppfattning om driftsdkerheten.

Information om kopplingslaget i n&-
tet samlas in och sammanstalls med en
beskrivning om stéliverkens struktur.
Som resultat erhalls en modell (nattopo-
logi) med noder och admittansgrenar.
Insamlade effekt- och spanningsmat-
ningar kontrolleras bl.a. mot brytarindi-
keringar. Tillgdngliga och godkanda
mé&tningar anvandes sedan fér att be-
rakna spanningar och fasvinklar i alla
delar av natet, utgdende fran att syste-
met befinner sig i stationdrt tillstand.
Med tillstandsuppskattning uppnas en
konsistent och fulistandig databas, som
underlag for olika belastningsfordel-
ningsberakningar. Berakningarna utfo-
res cyKliskt och foljer sdledes andring-
arna i kraftsystemet. Den salunda be-
raknade informationen anvands for att
komplettera operatérens bild av sitt
kraftsystem med icke uppmatta storhe-
ter eller i vissa fall med information som
for tillfallet saknas eller ar felaktig.

Funktionerna tillAmpas pa olika satt
inom Nordel. | Sverige och Finland samt
i ett mindre regionalt system i Norge ba-
seras Overvakningen i realtidssystemet
pa tilistandsuppskattning. | Norge har
man pa nationell niva valtatt genomféra
saval tillstandsuppskattning som évriga
natberakningar 1 ett separat system,
som tidvis inhamtar information fran
realtidssystemet. | Danmark har man ej
infort tillstAndsuppskattning.

Analys av driftsdkerhet

(Security Analysis, SA)

Sakerhetsanalysfunktionerna  an-
vands till att bestamma kraftsystemets
sakerhetoch attanalysera huruvida pla-
nerade atgarder fyller de sékerhetmas-
siga kraven. Mera avancerade funktio-
ner kan i vissa fall ge direkta anvisningar
for operatoren. De tillampningar, som
idag finns utvecklade i realtidssyste-
men, hanterar enbart stationara driftfor-
hallanden. En analys av sakerhetsnivan
i dynamiska forhallandena ar mycket
resurskravande och finns ej tillganglig i
realtidssystemen.

En typisk egenskap for funktioner i
denna grupp ar att de ar direkt opera-
térstyrda.

Operatorstyrd  belastningsférdel-
ningsberéakning (Operator's Load Flow,
OLF) &r en typisk sakerhetsfunktion.
Med ett OLF-program ges operatdren
mojlighet att i forvag analysera effektfio-
det i ett nat tex. fore en planerad om-
koppling i natet.

En 6vrig funktion i denna grupp ar
felfallsanalys (Contingency Analysis).
Vid en felfallsanalys utféres en serie be-
rakningar av i forvag valda felsituationer.
En modern felfallsanalys genomfor be-
rakningarna automatiskt och varnar
operatoren for de varsta felsituationer-
na.

| Sverige har Vattenfall tagit i drift en
hel kedja av analysfunktioner dar ingar
forutom ovannamnda fillstindsupp-
skattning dven program fér belastnings-
fordelningsberdkning, berdkning av
marginella natforiuster samt en felfalls-
analys. Hos Sydkraft pagar drifttagning
av tillstandsuppskattning och belast-
ningsfordelning. | Finland har man nyli-
gen tagit motsvarande funktioner i drift. |
Danmark och Norge har man &ven i
detta fall valt att enbart genomféra be-
lastningsfordelning och felfallsanalyser i
planeringsfasen.

Analys av driftekonomi

(Economy Analysis, EA)

Da kraftproduktionen bilivit alltmer
komnplicerad kravs Aven mera avance-
rade hjalpmedel for att kunna utnyttja
produkiionsapparaten pa ett optimalt
sdit. Behovet av tillampningsprogram
med vilka man kan utféra olika ekono-
miska analyser och berakningar okar
alitsa.

De funktioner som berér en analys
av driftekonomi kan i princip sdgas om-
fatta hela planeringsprocessen fran
langsiktig planering av vatten och vér-
mekraft till momentan belastningsfér-
delning. Planering pa tim-, vecko- och
sasongsbasis utfors oftast pa olika satt
beroende pa de varierande behoven
som finns inom foretagens organisatio-
ner. Darfér kan man ej entydigt avgran-
sa vad som bor betraktas som EMS-
funktioner.

Normalt hanteras den ekonomiska

driftplaneringen stegvis varvid man ur-
skiljer
e adngsiktig produktionsplanering av
vatten och varmekraft, dar malet ar att
for 3-5 ar finna en strategi for hur
framst vattenkraftprodukiionen, spe-
ciellt flerdrsmagasinen, och varme-
kraftproduktionen skall hanteras.

e Sasongsplanering, som anger den
taktiska inriktningen for de narmaste
veckorna upp till nagot mer an ett ar,
ofta fram till varfloden. | denna kraftba-
lans &r tilirinningar, revisioner och for-
brukning bestamda inom snavare in-
tervall.

eVeckoplaneringen inriktas framst pa
hur energi och effektbehov under den
kommande veckan skall klaras pa ett
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Bilden uppe till hoger visar planlagd
och registrerad utvaxling mellan
Norge och Sverige samt Norge och
Danmark (Landcentralen i Oslo).

Uppe till vanster ses en bildskarms-
lay-out i Vattenfalls informationssys-
tem som visar kraftutbytet mellan de
nordiska landerna.
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Kartbilden nere till vansterinnehaller Nere till hoger visas en planerings-

realtidsvarden, som uppdateras kon-
tinuerligt fran nagra av de viktigaste
elproducenterna i sddra Sverige
samt utbytena med Sjalland och Jyl-
land (Sydkraft, Malmo).

tabla i IVOs driftcentral dar operator-
en kan inmata kraftutbyten med Sve-
rige. Planerna Overvakas kontinuer-
ligt och systemet ger information for
bl.a. energidebiteringen.

Vid styrningen av det Nordiska kraftsystemet assisteras driftpersonalen av
mangsidiga EMS-funktioner. Vid uppgorande av kraftutbyten Ianderna emel-
lan beraknar datorerna aktuella marginalviarden samt ger underiag for att

kraftaffarer skall komma till stand.
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produktionsekonomiskt basta satt.
Produktionsapparatens status, avstall-
ningar, vattentilirinning, natbegrans-
ningar m.m. &r de viktigaste paramet-
rarna liksom priser pa olja, kol etc.

e Siutligen avser dygnsplaneringen att
optimalt schemaldgga produktions-
apparaten timma for imma under ett
dygn.

| varmekraftdominerade system be-
raknar man vid dygns- och veckopla-

neringen vilka enheter som skall vara i

drift vid olika tidpunkter och nér startoch

stopp av aggregat bér ske (Unit Com-
mitment). Som underlag for dessa be-
rakningar anvands bla. aggregatens
produktionskostnader. En utvidgad unit
commitment tar aven hansyn till vatten-
kraftens  problematik, anpassande
tappningen efter kraftbehovet.
Optimala ekonomiska belastnings-
férdelningsprogram  (Economic Dis-
patch Calculation, EDC) utfér en ekono-
misk produktionsférdelning av varme-
kraft. En prognoserad belastning samt
nat- och produktionsdata anvands som
ingangsdata. EDC beréknar vad de
enskilda generatorerna skall producera
for att uppna balans med belastningen.
Ovriga till denna grupp hoérande

funktioner &r:

e program for berdkning av kraftnatets
overforingsforluster

e berdkning av optimal belastningsfor-
delning (Optimal Power Flow) med
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Av figuren framgar de mest bety-
dande nyttovarderingarna. Genom
en béttre produktionsfordelning re-
duceras savdl branslekostnader
som nétforiuster. De béttre hjélp-
medien ger mdjlighet att I6sa nya
uppgifter utan att fér den skull néd-
véndigtvis behtdva Oka personalbe-
hovet Bittre korttidsplanering okar
utnyttiandet av produktionsenheter-
na genom optimal samkoming. Batt-
re langtidsplanering sédkerstiller ett
optimalt utnyttiande av vattenkraften
liksom en koordinerad revisionspla-

terna.

hansyn till spanningar, dverféringsbe-

gransningar och produktionskostna-

der
eoptimering av reaktiva effekter och

spanning
e lastprognosering

Beroende pa att kraftsystermen inom
Nordel skiljer sig s& pass mycket an-
vander man sig ocksa av olika EA-funk-
tioner i de olika landerna. Hos ELSAM i
Danmark har man en EDC funktion,
som med hénsyn till den planerade
figrrvarmeproduktionen optimerar el-
produktionen for samtliga produktion-
senheter halvtimme for halivimme. Re-
sultaten anvénds i realtidssystemet till
6vervakning av kraftproduktionen och
automatisk styrning av likstromsférbin-
delserna. | Norge och Sverige utnyttjas
flera programsystem fran dygnsplane-
ring till sdsongs- och langsiktig plane-
ring. Hos Vattenfall har man utvecklat ett
nytt  produktionsoptimeringssystem,
POP, som beaktar saval varme- som
vattenkrafti sdsongsplaneringen. En lik-
nande funktion for veckoplaneringen
kommer att utvecklas. Sydkraft har ins-
tallerat ett driftdatorsystem fér planering,
beordning och évervakning (i realtid) av
kraftverken i en sydsvensk alv. Hos IVO
och Vattenfall berdknas timvisa last-
prognoser automatiskt och operatdrs-
styrt for en vecka framat i tiden.
For samkorningen inom Nordel har

utvecklats flera hjalpmedel varmed de

nering for de stora fossilkraftenhe-

olika kraftbolagen kan beddma sina
marginalvarden och kraftutbytesmajlig-
heter.

Ekonomisk nyttovirdering

Det har alltid varit svartatt vardera vil-
ken ekonomisk fordel ett utnyttjiande av
EMS innebdr. De funktioner, som utnytt-
jats i manga ar, sdsom ekonomisk pro-
duktionsférdelning, har allmant accep-
terats som lénsamma. A andra sidan ar
det svarare att visa att analys och over-
vakning av. driftsdkerheten ger ekono-
misk fordel eftersom det ar svan att pris-
sétta god driftsakerhet. Det star dock
klart att vid de enstaka storstdrningar
som forekommit har vasentliga natio-
nalekonomiska forluster gjorts och stor-
leksordningen 100-tals miljoner kronor
har namnts.
Den ekonomiska nyttan av ett EMS-
system harror som regel fran foljande
vinster:
ofrbétirad  produktionsekonomi  ge-
nom dels battre langsiktig branslepla-
nering och dels battre produktionsfor-
delning genom bdsta tekniska utnytt-
jande av regleringsmojligheter och
verkningsgrader

ofrbattrad  férbrukningsprognosering
genom bétire utnyttjande av kraftsys-
temets marginaler kan ge béttre pro-
duktionsekonomi och senarelagda in-
vesteringar
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Vid planeringen av dagens moderna
kontrollrum efterstravar man for-
utom hog effektivitet dven en trivsam
arbetsmiljé. Centrala kontrolirum
vicker dven intresse hos allmén-
heten, vilket gor att hansyn bor tas till
det allménna PR-vardet.

e minskade kostnader for uppratthalian-
de av erforderliga nat- och produk-
tionsreserver genom att reservens
storlek battre kan Gvervakas

o forbattrade majtigheter till kraftutbyten
mellan Nordellanderna da utbytes-
mojligheterna och forutsattningarna ar
battre kartlagda

efarre och kortare storstoérningar

EMS systemen bor pa lang sikt upp-
fattas som alternativ till andra aktiviteter
for att 6ka driftsdkerheten. Det &r givet-
vis nodvandigt att forsti praktiken pavisa
nyttan av EMS-systemen innan man
boriar beakta dem i olika dimensione-
ringskriterier.

Problemstdllningar

Struktur

Ett EMS-system realiseras rent tek-
niskt med hjalp av datautrustning, kom-
munikationsutrustning och programva-

ra, som sammanfogas i en kontroll-
struktur. Det &r flera faktorer som méste
beaktas da en kontrollstruktur byggs
upp, exempelvis 4go- och organisato-
riska forhallanden. Ett enskilt kraftbolags
behov skiljer sig sakerligen fran en
samkarningsorganisations behov.

Geografi, sékerhet och ekonomi pa-
verkar avsevart de kommunikationstek-
niska Idsningarna. | vissa fall kan be-
gransningar i datadverforingen krava
okad loka! databehandling.

Slutligen leder de teoretiskt och be-
rakningsmassigt mera komplicerade
EMS-funktionema oftast ill centralisera-
de och dverordnade 16sningar. En nor-
mal arbetsfordelning &r att enklare funk-
tioner utfors pa lokal niva. Faktorer som
krav pa svarstider och datamangder ta-
lar &ven for decentraliserade I0sningar.

Aven den historiska utvecklingen,
speciellt med tanke pa de organisato-
riska forhallandena, har paverkat olika
|Gsningar.

Datorutrustning

Det ar typiskt for dagens system att
berékningskapaciteten inte racker till i
de svaraste storningssituationer. Syste-
men har i allméanhet bara dimensione-
rats for att hantera en normalbelastning.
Detta missforhallande forsdker man rat-
ta till i framtiden genom att strukturera
om hardvaran till flera datorer med
snabba datanat.

Datakommunikation

Dagens kommunikationssystem har
i allmanhet biivit uppbyggda efter ett
strangt hierarkiskt monster varvid man
anpassat datadverforingen fill tidigare
konventionella fiarrkontrollsystemn. Sto-
ra tidsférdréjningar och darmed langa
svarstider blir féljden av detta. Nya sys-
tem utarbetas for att i6sa dessa prob-
lem.

Personal

EMS-systemen baserar sig pa mo-
dern datorteknik. Liksom nya tekniska
system i allmanhet medfér de &ndringar
i arbetsrutiner och organisationer. Ny
kunskap och expertis kravs for aft han-
tera de nya verktygen. Samtidigt forand-
ras den nya tekniken mycket snabbare
an vad som ar vanligt inom kraftforsorj-
ningen i Gvrigt.

De uppgifter som operatérerna skall
utfdra andras genom att manuellt arbe-
te ersatts med expertiskravande arbete i
form av valdokumenterad beslutsfait-
ning pa en hogre niva. Tidigare kunde
misstag och fel bortforklaras med brist
pa information, vilket ej numera ar fallet.
Mera ansvar palaggs de vakthavande
samtidigt som automatiseringen mins-
kar de personliga kontakterna i arbetet.

Den tekniska personalen ar av cent-
ral betydelse vid driften av ett EMS-sys-
temn och kravet pa atgarder for att behdl-
la denna personal maste ges hogsta
prioritet.

Tyvarr har det visat sig att kraftbola-
gen har svart att behalla hogt kvalifice-
rad ADB- och teknisk personal inom
detta speciella omrade.

Marknadssituationen

Den dkade komplexiteten hos syste-
men och den snabba utvecklingen
medfor att sammankoppling av system
tillverkade av olika leverantorer ar svar.
Detta tillsammans med de ovannamn-
da personalproblemen fororsakar stor-
re beroende av en viss leverantor.

Redan innan man slutgiltigt fatt ett
system i drift &r hardvaran ofta foraldrad.
Som féljd av detta far man svarigheter
med att skaffa fram reservdelar och till-
gang till personal som kan underhalla
utrustningen. Underhalisinsatsen fran
leverantdren paverkar direkt systemens
livstid.

Den snabba utvecklingen medger ej
tid att ta fram tillrackligt med anvandbar
standard inom informationsteknologin.
Leverantdrerna har ej heller tiliracklig
ekonomisk_férdel av standardiserade
lésningar. Aven denna faktor férorsakar
onddigt tidiga byten av datorsystemen. |
dag beddms ett EMS-system ha en livs-
tid pa ca 10 ar.
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Framtidsutsikter

Sasom ovan beskrivits tenderar
kraftsystemen att bli mera komplicera-
de. Driftpersonalen stalls infor alltfler al-
ternativ, saval tekniska som avtalsmas-
siga. Samkorning och utbyte mellan oli-
ka kraftbolag och energisystem Okar.
Driftplaneringen baserar sig pa flera
mer eller mindre sakra forutsattiningar.

Vi behover darfor effektiva verktyg
med vilka man kan analysera ett driftla-
ge, vidta nodatgarder och efterat bedo-
ma ekonomin. Vi kommer att fa expert-
system som kan gora en diagnostisk
analys, snabb tillstandsuppskattning
och natsakerhetsanalys. Integrerade
funktioner i stationerna kommer att kun-
na styra belastningen och registrera
handelseforiopp i stérningssituationer.

Sadana verktyg ar sammansatta av
flera delsystem med gemensamma da-
tabaser fordelade pa flera nivaer. Funk-
tionerna pa lokal niva sasom automatik,
relaskydd och driftévervakning integre-
ras.

Allt flera och mindre kraftbolag tar i
bruk EMS-funktioner, lika de som be-

Referenser:

skrivits ovan. Genom att man har tili-
gang till fardig programvara ar det nor-
malt att vid ett fornyande av befintliga
fiarrkontrollsystem aven inféra EMS-
funktioner till rimliga kostnader.

Leverantorerna utvecklar systemen
darhan, att man i storre omfattning kan
gbra anpassningar, som beaktar spe-
ciella férhallanden hos de enskilda
krafforetagen sasom befintliga aldre
system och ekonomiska forhallanden.
Samtidigt som de tekniska anpass-
ningsmajligheterna forbéttras reduce-
ras aven omkostnaderna. Den ekono-
miska nyttan okar i takt med stigande
energipriser och okande komplexitet
hos kraftsystemen.

| dagens lage beddmes mojligheter-
na for att skapa béttre beslutsunderlag
vara utttmda. Man undersoker darfor
mojligheterna att utveckla nya system
dar anvandarens kunskap och erfaren-
heter utnyttjas vid etablering av besluts-
underlaget. Sadana expertsystem for-
vantas vara till stor hjalp.

| dag ar denna typ av funktioner en-
dast pa forsoksstadiet. | Norden pagar

ett flertal forskningsprojekt med sikte pa
nasta generations EMS-system. Har
ingar anvandning av expertsystem som
en central komponent. Man emotser att
anvandningen av dessa expertsystem
tillsammans med traningssimulatorer
skall stdda en planering av drifistrate-
gier och upplarning av operatorer.

Battre berakningar och kunskaps-
baserade metoder i kombination med
forbattrade  sammankopplingsmaojlig-
heter mojliggodr utveckling av traningssi-
mulatorer av hog kvalitet. Denna ut-
veckling &r en forutsattning for att drift-
personalens kunskaper kan utveckias
och uppratthallas i framtiden.

Avslutningsvis kan konstateras att
det existerar ett stort behov att utveckla
battre manniska-maskin kommunika-
tion. Harvid bor utnyttjas de teknologis-
ka majligheter som finns inom den da-
tatekniska branschen idag.

[1] Datamaskinbaserte Driftssentraler i Norden. Rapport utgiven av Nordels kontaktgrupp NORCON,

juni 1981.

[2] Systemkontrolfunktioner i Driftscentraler. Rapport udarbejdetaf Nordel-kontaktgruppen NORCON,
December 1983. Systemkontrolsfunktioners anvendelse i storre driftscentraler i Nodel-omradet
(Appendix till foregaende).
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ordel, founded in 1963, is an

association for people active in

the field of power supply in Den-
mark, Finland, Iceland, Norway and
Sweden. It is an advisory and recom-
mendatory organization aimed at pro-
moting international, mainly Nordic, co-
operation in the field of production, dis-
tribution and consumption of electric
energy.

Norde! has the following permanent
tasks:

—to continually follow developments in
production and consumption of elect-
ric energy in the Nordic countries by,
for example, publishing suitable statis-
tics

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

- to publish an annual report containing
information about work completed
during the year within Nordel, informa-
tion about power supply in the Nordic
countries, special articles and statis-
tics.

Nordel

A considerable amount of Nordel's
work takes place in standing and spe-
cial committees. The committees in-
clude specialists from various fields of
energy. Each country has a contact per-
son to collect statistics and other period-
ical information. Within Nordel there are
also contact people in many internatio-
nal organizations.

The chairman of Nordel is elected for
a period of three years. The chairman-
ship circulates among the countries.
The chairman appoints a secretary and
is responsible for the secretariat.

Denmiark




Nordel

1985

n 1985 economic growth in indu-

strialized nations stagnated and

growth differentials were levelled
out. In several countries the aim of eco-
nomic policy has been to support eco-
nomic growth. In OECD countries, the
annual increase in total production dec-
lined from 4.9% in 1984 to 2.8% in
1985. In OECD countries in Europe, the
production increase remained at 2.2 %
in 1985. Inflation continued to decrease
in Western Europe and was 4.5%. This
development trend is also clear in the
Nordic countries. In the Nordic count-
ries, gross national product went up by
2-3%in1985. Finland and Norway had
the greatest increase. The inflation rate
was somewhat higher than in Western
Europe and varied from 4.8% in Den-
mark to 7.0 % in Sweden. However, lce-
land had a substantially higher inflation
rate. The number of unemployed work-
ers varied greatly. Norway had the
lowest unemployment rate, 2.5 %, while
Denmark had the highest, 9.2%.

Electricity consumption continued to
increase in the Nordel countries and
was 8.2% higher than in 1984. Gross
consumption was 306.6 TWh, which is
22.2 TWh higher than the previous year.
The consumption figures of the indivi-
dual countries are Denmark 27.7 TWh,
Finland 51.6 TWh, Iceland 3.7 TWh,
Norway 97.6 TWh and Sweden 125.9
TWh. Consumption increased over the
1984 level by 6.3% in Denmark, 8.1%in
Finland, 5.0% in Norway and 11.5% in
Sweden, while there was a decrease of
2.4% in Iceland.

Hydro power, the base of the Nordel
electricity production, amounted to
188.8 TWh, whichis 1.1 TWhless thanin
1984, and covered 60.4 % of total pro-
duction. Norway is the greatest produc-
er of hydro power with 102.9 TWh. Nuc-
lear power, which also plays an impor-
tantrole inthe Nordic countries,amoun-
ted to 73.9 TWh and increased by 7.5
TWh from 1984. The share of nuclear
power has continued to increase and
accounts now for 23.6 %. Sweden is the

1985

greatest nuclear power producer with
55.9 TWh. Other thermal power, which
is mainly produced in Denmark, Finland
and Sweden,amountedto 49.7 TWh, an
increase of 12.7 TWh and a share of
15.9% of total production. The share of
oil in electricity production was also mi-
nimal in 1984.

Power exchange between the coun-
tries also declined from the previous
year and amounted to 13.2 TWh, which
is 1.6 TWhiess thanin 1984. Oftotal pro-
duction, power exchange accounted for
4.2%. In 1985, Sweden exported the
most energy, 6.7 TWh, and also import-
ed most, 5.1 TWh. Denmarkand Finland
were net importers and Norway and
Sweden net exporters within Nordel. In
addition, Finland imported 4.2 TWh
from the SovietUnionand s the greatest
importer within Nordel if this quantity of
electricity is included. Denmark impor-
ted 0.3 TWh and exported 0.1 TWh from
West Germany. If the imports from the
SovietUnionare considered, Nordelisa
net importer.

Nordel’s
Activities In

he Nordel Annual Meeting was
held in Reykjavik, Iceland, on
August 29, 1985. The meeting
discussed the minutes of the previous
meeting, Nordel's Annual Report 1984
and the current power situation in the
member countries, as well as forecasts

for the power situation over the next few
years. The Operations, Planning and
Thermal Power Committees reported
ontheir activities in 1985 and presented
their plans for future years. The activities
of the working groups and contact per-
sons were discussed and there were re-

ports on international contacts.
Because of the rotation system in
Denmark, Mr. Bjarne Andersen re-
signed at the meeting and Mr. Preben
Schou was elected as a new member.
Mr. Sigurd Aalefjeer from Norway and
Mr. Géran Ekberg from Sweden an-
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nounced that they had retired from of-
fice and would thus also resign from
Nordel. Mr. Géran Ahistrdm from Swe-
den and Mr. Gunnar Vatten from Nor-
way were elected as new members.

As there was no need to hold an
extra meeting, Nordel's chairman, de-
puty chairman and the chairman and
secretaries of the standing committees
gathered in Arlanda, Sweden, onMarch
12, 1986. The meeting dealt with current
issues inthe committees and in the sec-
retariat.

Nordel's cooperation with the Nordic
energy authorities has also continued in
1985. On September 23, representa-
tives of energy authorities and Nordel
met to exchange information on activi-
ties in progress and 1o discuss current
questions related to the electric power
sector.

Mr. Klaus Ahistedt from Finland is
chairman of Nordel and Mr. Rolf Wied-
swang from Norway is deputy chair-
man. Both were elected for the current
three year period at the 1984 Annual
Meeting. The secretariat is based at
imatran Voima Oy in Finland.

Operations Committee

As in previous years, the Committee
has dealt continously with matters re-
garding joint operations, such as the
power situation in the Nordic countries,
power exchanges between the coun-
tries, operational reliablity, technical
aspects of operations and interruptions
within the Nordic power system.

Output and energy balances have
been prepared for the next three years
in order to evaluate the power situation
during this period. A satisfactory energy
balance is anticipated.

Electricity consumption increased
substantially in the Nordel system in
1985. This was mainly due to the eco-
nomic upswing in industry, to the con-
version from oil to electrical heating in
Sweden, and to the temperature deficit
during the year. The winter period from
January to March was very cold, which
resulted in record temporary electricity
consumption.

in 1985 there were great variations in
the hydro power reserves in the Nordel
system. At the beginning of the year
hydro reserves were larger than nor-
mal. Increase in electricity consump-
tion during the winter resulted in exten-
sive utilization of hydro power and very
small storages in Norway and Sweden
during the spring floods. As there were
Jarge runoffs, mainly in Sweden, in the
late summer and in autumn, storages
were in general filled up to the normal
level in Finland and Norway and to a le-
vel above the average in Sweden. There
was substantial hydro power produc-
tion in 1985.

Nuclear power plants functioned
very well in 1985. Since autumn floods
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were heavy, nuclear power production
was reduced by about 4.5 TWh, prima-
rily in Sweden. Sweden’s last two nuc-
lear power units, Forsmark 3 and Os-
karshamn 3, were taken into operation.

Large quantities of power were ex-
changed in 1985. During the cold winter
Sweden imported large quantities of
power from Norway. However, power
was delivered back to Norway later in
the summer. As the spring floods were
late, Sweden also imported power from
Denmark and Finland. During the rainy
summer Sweden exported power to all
three neighbouring countries. During
the last two months of 1985 power ex-
changes were very small. The other 400
KV connection between Sweden and
Zealand was taken into commercial
service. :

The Committee completed an ana-
lysis of power exchanges between the
Nordel countries. The analysis will be
included in a final report.
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A working group was set up to deal
with pricing of power exchanges. The
group is to study whether present rules
lead to a rational utilization from the
electric power system and if profits from
power exchanges are distributed fairly.
Furthermore, the group is to study the
need for changesinruleswhichaim ata
better exploitation of resources. The
group work was based on the above-
mentioned final report on the analysis of
power exchanges.

During 1983, 1984 and 1985 the
Committee implemented pilot opera-
tions with reduced composite characte-
ristics in the summer periods. The pilot
operations have been evaluated and
the Committee intends to carry out pilot
operations with reduced composite
characteristics during the summer pe-
riod, subject to certain rules.

A study of runoff correlation between
hydro power systems in the Nordel
countries has been completed and will
be dealt with in a final report. There
proved to be certain runoff correlation
between Sweden and Norway.

The Committee has completed a
study of dry years in the Nordel system

atthe 1990 level, which will be deait with
in a final report. At this level electricity
consumption canalso be coveredinthe
Nordel system during an extremely dry
year. It may then be necessary to cover
power demand with expensive fossil
fuels to such a large extent that extra
manning may be needed at short no-
tice.

Planning Committee

Extensive work has been carried out
on the development of calculation mo-
dels for power generation studies on
the interconnected Nordel system. The
Generation Group has developed a
method that combines a simulation mo-
del for hydro-electric power calcula-
tions (energy model) based on dynamic
programming, and a calculation model
based on a simplified linear program-
ming method (power model). Data have
been collected and processed, and
both models have been usedfora num-
ber of calculations for the 1990 stage.
Both models appear to be well-suited
for their specific applications. After addi-
tional tests, calculation work for the
1995 stage should start. The results of
the latter stage will be used as a basis for
grid studies for the transmission capaci-
ties of the interconnecting links. The mo-
del opens up opportunities for integrat-
ed planning of the generationandtrans-
mission systems. This provides a new
approach in the handiing of matters
concerning suitable interconnection
capacity and will provide, itis hoped, an
even better base for future Nordel re-
commendations in this area. The mo-
dels are also considered applicable to
other studies currently being carried out
by the Planning Committee.

Currentwork related to the grid com-
prises studies that will result in propo-
sals for transmission capacities on the
interconnecting links at the 19956
stage, and work on the revision of the
Nordel grid design rules. The Grid and
Generation Groups coliaborate in the
transmission capacity studies. The cur-
rent grid design rules adopted by
Nordel in 1972 have remained un-
changed since that date. The purpose
of the present revision is to determine
whether the rules will have to be modi-
fied, in view of the significant changes
that have taken place in the Nordic
power systems since the original rules
were issued.

Work is in progress on preparing a
report to be headed "Balance between
electrical and other energy”. The report
analyses the trend in the generationand
consumption of electrical energy and
total energy in the Nordic countries dur-
ing a statistical series of years, and the
current forecasts up to the 1995 stage.
The report is a further development of
the article entitled "Electricity replaces
other energy” described in the 1984



Nordel Annual Report. This report
showed that the consumption of electri-
cal energy continued to increase inall of
the Nordic countries, in spite of deter-
mined efforts to achieve savings, andin
spite of a tapering-off or even a decline
in the total energy consumption. Further
work will be devoted to analysing the
basic conditions and reasons behind
this situation. The report establishes that
in many areas of modern society, elec-
trical energy is the only viable energy
form. But it emphasises that the aim
should be o achieve an energy system
which is most favourable for economic
and environmental reasons, taking into
account the security of supply in various
crisis situations. The report describes
the substitution opportunities available
between various types of energy and
discusses briefly the environmental im-
pact caused by energy utilisation. Deve-
lopments in the consumption of electri-
cal energy and total energy and the
gross national product are presented
graphically. Finally, the statistical mate-
rial collected and compiled for the work
on the report should also be applicable
to other studies within Nordel.

Nordel has instructed the Planning
Committee to produce a report which
summarises the present status of the
cost of wind power. The report will deal
with the experience so far accumulated
in the Nordic countries from projects im-
plemented and the operating experien-
ce gained from these projects. The work
has been started.

Following a suggestion from the
Planning Committee, a study has been
started concerning the stresses on the
Nordic electric power system during
the cold spell at the beginning of 1985.
The study is being carried out in colla-
boration between the Planning Com-
mittee and the Operations Committee.
The consumption, generation and grid
situation during the peak load hours
will be analysed, and so will the stand-
by capacity that was available.

A study is being planned of the influ-
ence of interconnection on the dimen-
sioning of the generation systems in
the individual Nordel countries. The to-
tal capacity of the interconnecting links
is significant and will increase further
when the sanctioned interconnections
have been taken into operation. Itis the-
refore important to give appropriate
consideration to the import and export
facilities in the dimensioning of the ge-
neration systems of the individual coun-
tries. This has so far only been done on
arbitrary grounds, but the calculation
models that have now been developed
for generation studies are expected to
make it possible to take more reliable
account of the influence of the intercon-
nections on the need for generation re-
Sources.

The Planning Committee submitted
a report entitled "Power Cooperation
between Neighbouring Countries” to a

Cigré/UPDEA symposium (UPDEA =
Union of Producers, Conveyors and
Distributors of Electrical Energy in Afri-
can Countries, Madagascar and Mauri-
tius). The purpose of the report was to
provide developing countries with ideas
on how power cooperation between
neighbouring countries can be estab-
lished and developed. The report was
based primarily on the Nordel cooper-
ation, and some members of the Plan-
ning Committee attended the sym-
posium. The delegates showed great
interest in the Nordic countries and the
Nordel cooperation.

A Nordel report was produced for
the 1986 WEC congress. The reporten-
titted "Nordic electrical cooperation —
simple cooperation forms offer signifi-
cant benefits” has been producedin co-
operation between the three Nordel
committees. It describes the extensive
electrical cooperation between the
Nordic countries and the benefits

gained by the countries from this co-
operation,

A number of countries in southern
Africa cooperate in an organisation
known as the Southern African Deve-

lopment Coordination Conference
(SADCC). NORAD, the Norwegian aid
organisation, has received a request for
information on the Nordel electrical
cooperation. NORAD, in turn, has es-
tablished cooperation in this matter with
its counterparts in other Nordic coun-
tries and with Nordel. Nordel has in-
structed the Planning Committee to co-
ordinate Nordel's activities in this matter.
A one-day seminar on the Nordic coun-
tries and the Nordic electrical coopera-
tion is being planned for the spring of
1986, foliowed by study visits to power
plants in the Nordic countries.
According to an agreement be-
tween Nordel and the Electric Power
Committee of the Economic Commis-
sion for Europe (ECE), Nordel will pro-
duce a map of the Nordic grids every
other year. Work has been started on
such a map for the January 1986 stage.
All of the Nordic countries have a se-
rious shortage of university graduate

electrical engineers with a power tech-
nology orientation. In the long term, this
may lead to difficult problems for the
power utilities as well as for the electrical
engineering industry. Following a sug-
gestion from the Planning Committee,
the 1985 Nordel Annual Meeting decid-
ed to write to the Education Depart-
ments of the governments of the Nordic
countries, emphasising the need forac-
tion aimed at improving the situation.

Thermal Power
Committee

During the year the Committee has
continued its efforts to promote the ex-
change of experience within the thermal
power field in the Nordic countries. The
meetings of the Committee and of its
working groups as well as seminars on
different subjects are important parts
of this work.

In its annual report the Committee’s
Working Group for Nuclear Fuel states
that ample access to raw uranium and
capacity for enrichment and fuel pro-
duction still exist in the world. The total
operating cost related to nuclear fuel is
estimated at SEK 0.066/kwh for prime
1985 for a power plant that is to be
commissioned in the middle of the
1990's. This value implies a decrease in
cost compared to the estimation last
year, even in nominal terms.

The Committee's Working Group for
Maintenance and Operation has in its
series of seminars for different catego-
ries of plant personnel arranged a meet-
ing for maintenance managers. In 1986
a seminar for operations managers is to
be arranged. The working group has
established an information service in or-
der to assist in solving problems that
arise by transfer of experience from
other Nordic plants that have had the
same problem. Through the agency of
the group the annual publication "Avai-
lability Statistics for Thermal Power
Plants” has been compiled, accounting
for availability and outage data during
1984, for the different types of thermal
power plants in the Nordic countries.

The Committee has showed a conti-
nued interest in the research and deve-
lopment activities of NKA (the Nordic
Contact Organisation for Nuclear Ener-
gy) and different projects have been
presented to the Committee. The NKA’s
research programme for 1985-1989 will
be given special attention.

The Committee has declared that
environmental issues in connection
with thermal power production are to
comprise a major ingredient in the
Committee’s work, As one conse-
quence the ad-hoc group for following
the legislative activities in the Nordic
countries regarding restrictions on
emissions of SOy has been asked also
to include emissions of NOx and CO, in
its work.
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Denmark

and natural gas continues to

increase. In 1985 this contribut-
ed significantly to the fact that Den-
mark’s own energy sources covered
23 % of the gross energy consumption
of the country. Denmark’s consumption
of North Sea oil was 1.92 million tons, of
natural gas it was 0.62 billion m3. In ad-
dition, slightly more than 0.42 billion m?
of gas and 0.97 million tons of oil were
exported.

The Danish Underground Consor-
tium continues to be the only company
engaged in the production of Danish
North Sea oil and natural gas. Eight
other company groups are currently
carrying out exploration work in accor-
dance with the 15 permits issued in
1984, and in July 1985 a second invita-
tion was issued for tenders for further
exploratory work. Applications had
been received from eight company
groups by the time that the invitation ex-
pired in November. One of the condi-
tions for granting concessions in the
present round is that participation by
the Danish state should amount to a mi-
nimum of 20% in the recovery phase.

The basis for the joint agreement
between ELKRAFT/ELSAM and Danish
Natural Gas A/S was revised in 1985.
The maximum amount of gas that the
power companies are obliged to pur-
chase in all while the agreement is ap-
plicable was reduced from 2.5 to 1.9 bil-
lion m3. The agreement runs until Sep-
tember 30, 1991, and stipulates that the
power companies shall purchase the
amounts of natural gas that Danish Na-
tural Gas A/S is unable to market else-
where.

In December 1985 Danish Natural
Gas A/S stated that they expected a fur-
therfallin the surplus amounts to rough-
ly 1 billion m3.

Boilers at the Svanemaglle, Kyndby
and Fyns power stations were convert-
ed to natural gas firing during 1985. Deli-
veries of gas started in October and to-
talled 82 million m3 in 1985.

However, coal was still the chief fuel
used by power stations in 1985: it com-
prised 94 % of all fuel used. The future
supply situation will be affected by a re-
solution passed by the Folketing (parlia-
ment) in December to tighten up sanc-
tions against the Republic of South Af-
rica. The Folketing called upon the go-
vernment to prepare before February 1,
1986 a bill for legislation that will, for
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The production of North Sea oil

example, oblige the power companies
to terminate their imports of coal from
South Africa at the latest six months af-
ter the law comes into force.

In addition decisive steps relating to
energy policy were taken in three other
spheres during the year under review:
- InMarch the Folketing decided to de-

lete nuclear energy from government

energy plans. As a result the sites re-
served for nuclear power stations
were released in the autumn, and the
Ministry of Energy is now preparing a
new "Energy plan 1986". Among
other things, this plan will evaluate
how power production can be ex-
panded without the use of nuclear
energy.

- At the end of 1985 the Ministry of
Energy initiated discussions with the
power companies on the increased
use of renewable energy sources in
energy production. Negotiations re-
sultedin a proposal foran agreement
that power companies should in-
crease production by means of large
wind-power plants and wind-power
farms integrated into the ordinary
production apparatus. Plans involve
a total of 100 MW wind power in the
next five years. The competent bo-
dies of the power companies will dis-

cuss the proposal early in 1986. The
proposal must be viewed in the light
of the Ministry's statement that, from
the standpoint of energy policy, it is
not desirable that power production
should be increased by means of
large wind-turbine plants unasso-
ciated with local consumer groups
under private management. In this
way expansion by means of wind-
power plants will not be determined
predominantly by the investment
plans of private individuals. On this
background the Ministry has asked
the power ¢companies to refuse to
connect to the grid private wind-pow-
er plants of this category.

- inplanning the heating of districts un-
suited to receive direct supplies of
heat from power stations or natural
gas, the Ministry has concluded that
there are sufficient resources to base
a considerable part of the heat sup-
plies on domestic energy sources
such as natural gas, surplus heat,
straw, timber chips, biogas etc. In this
connection the Minister for Energy in-
tends to discuss the increased use of
straw in power production and the
use of decentralized combined heat
and power (CHP) piants.

Electricity consumption

Denmark’s total power consumption
was 27.7 TWh in 1985, which is an in-
crease of 6.3% compared to 1984. The
tendency to a growth in power con-
sumption seen in the past couple of
years has thus increased in 1985.

The increase was partly explained
by the long, cold winter at the start of the
year which, moreover, led to record
peak loads in both the ELKRAFT and
the ELSAM area of 2549 and 3006 MW,
respectively.

In addition the improvement in the
economic situation contributed to in-
creased consumption both in industry
and in private households.

The labour market conflicts in
March-April implied, however, that in-
dustrial consumption was 20 % lower
than normal during the period of unrest.
The deficit in consumption correspond-
ed to about 0.4 % of the total consump-
tion for the year.

Consumption is made up as follows:
private households 319, trade, services
and agriculture 369%, industry 26%,



losses 7 %. »

During 1985 power consumption in
Denmark represented 36 %of the gross
energy consumption in the country
(17 % of the final energy consumption).

The increased growth rate of power
consumption in the last couple of years
has not led to any revision of the fore-
casts, which are based on expectations
of a moderate growth rate of 2-3% per
annum. If the economic growth con-
tinues, however, a rather larger annual
increase might have to be expected in
the future.

Power production

The installed output of Danish power
stations was about 8 100 MW at the end
of 1985. This is roughly 460 MW more
than in the previous year.

Output is distributed over 96.0%
steam-power plants, 3.3% gas turbine
and diesel plants, 0.6 %privately-owned
wind power, and 0.1% hydro power.

During 1985 two large coal/oil-fired
units were put into operation: unit4 (350
MW of the Studstrup station and unit 7
(88 MW) ofthe H.C. drsted station. Inad-
dition rather more than 21 MW of private-
ly owned wind-power plant was put into
operation.

Steam-power plants covered 93.3 %
of power consumption for the year,
other plants 0.5%, while net imports
totalled 6.2 %.

At the same time as producing pow-
er, the steam-power plants that are
adapted to CHP operation provided
45500 TJ of district heating, corre-
sponding to about 23 % of Denmark’s
heat demand.

The steam-power plants consumed
as much fuel as corresponded to 9.73
million tons of coal; 94.4 % of the total
fuel consumed was coal.

A widespread power failure in the
Zealand area occurred on April 24. |t
was caused by periodic fluctuations in
the exchange of power between power
plants on Zealand and the Nordic sys-
tem, which resulted in the disconnec-
tion of the interties and three power-sta-
tion units on Zealand. Automatic dis-
connection of 35 %of consumption pre-
vented the trouble from developing any
further.

One power station was undergoing
expansion and the site for another was
being prepared in 1985: both units to be
built are of the coal/oil-fired CHP type
equipped with desulphurization plants.
They are unit 3 (AMV 3) of the Amager
power station and unit 1 (AVV 1) of the
Avedgre station, which are scheduled to
go into operation in 1989 and 1991, re-
spectively. Each unit will have an electri-
cal output of 250 MW netand a heat out-
put of 330 MJ/s. During the year the site
was established and building work
started for AMV 3, and land reclamation
for the site of AVV 1 started in May.

In addition, in the ELSAM area two
stations having a total output of 574 MW
were undergoing conversion to com-
bined coal/oil firing. Tenders were also
invited for desulphurisation plants for
units 3 and 4 at the Studstrup power
station (2 x 350 MW).

Power prices

The price of power to consumers va-
ries somewhat throughout the country
even though the costs of producing the
electricity are channeled through pools,
one for ELKRAFT and one for ELSAM.
This ensures uniform unit prices for the
power and energy needs of the asso-
ciated companies in each of the two
areas. However, as the additional
amounts covering the internal costs of

the more than one hundred individual
power companies vary, the final price to
consumers is not the same all over the
country.

Prices and tariffs have to be ap-
proved by the Power Pricing Commit-
tee, which requires rapid and effective
counterbalancing of expenses and in-
come. Therefore the unavoidable varia-
tions in costs of fuel, in depreciation and
in the allocations for investment pur-
poses, etc, imply varying power prices
from year to year.

The weighed average of consumer
prices as on January 1,1985 varied from
about 50 agre/kWh, at 3000 kWh/yr, to
36 ere/kWh, at 1 million kWh/yr. This is
an increase of 7-8% compared to
prices in the previous year. The prices at
3000 kWh ranged from 34 are/kWh to
63 are/kWh, while at 1 million kWh they
ranged from 26 are/kWh to 57 are/kWh.
By the end of the year forecasts indicat-

ed a fall of an average of 5% in power
prices.

In addition to the above prices,
which are determined by costs, con-
sumers have to pay both an energy tax
and a value-added tax on power con-
sumption. However, for businesses
both these taxes are refunded.

The energy tax amounted to 15.5
gre/kWh in 1985, and this was in-
creased at the end of the year to 19 are/
kWh. The value-added tax was based
on 22% of the power price plus the
energy tax; hence in 1985 35-45 % of
the total bill for power consisted of taxes.
For example, an ordinary domestic user
with an annual consumption in 1985 of
3-4000 kWh paid about 80 gre/kWh on
average for the whole country.

The grid

The expansion of the 400 kV intertie
between Zealand and Sweden was
completedin1985 and has beeninope-
ration since December. On the Danish
side, ELKRAFT set up 63 km of 400 kV
overhead lines, laid 1 km underground
cable and 8 km marine cable, and erect-
ed a 400 kV substation. On the Swedish
side the State Power Board and the
South Swedish Power Company laid
0.6 km of underground cable and set up
25 km of overhead lines.

These improvements to the link-up
provide a higher degree of supply relia-
bility and give possibilities of increased
power exchanges between the EL-
KRAFT area and Sweden.

As a resultat of the expansion of the
power stations in the Copenhagen
area, a strengthening of the Copenha-
gen cable grid started in 1985. This work
comprises four new 132 kV cables with
a total length of about 35 km.

A fault occurred on the primary grid
in 1985 when a storm in Jutland on Oc-
tober 11-12 gave rise to 79 salt flash-
overs, even though the grid voltage had
been reduced during the storm to 80 %
of its normal value.

In 1985 it was decided to expand the
Konti-Scan connection between the EL-
SAM area and Sweden by means of a
new 250 kV cable connection having a
transmission capacity of about 300 MW.
The intertie is expected to be put into
operation in 1988, and the project will be
carried out in co-operation by the Swed-
ish State Power Board and ELSAM on
the same terms as forthe first cable. The
agreement was approved by the Swed-
ish authorities in 1985 but was still under
consideration by the Danish authorities
at the end of the year.

The question of establishing a Great
Belt intertie between the ELKRAFT and
the ELSAM areas was discussed during
1985 by a committee set up by the Mi-
nister for Energy. The work of this com-
mittee is expected to come to an end at
the beginning of 1986.
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Finland

Energy policy

n Finland it will soon be necessary to
Imake a decision about energy sup-

ply methods for the 1990s. Electricity
consumption has continued to increase
during the last few years, which indi-
cates that there is a great need for new
base-load production capacity. This has
also been stressed by industry. Nuclear
power and power from coal-fired plants
are the most economical alternatives for
the expansion of base-load power pro-
duction. However, no decision of prin-
ciple has been made so far. The nuclear
accident at the Chernobyl power station
at the end of April 1986 has led to a re-
consideration of the Finnish energy poli-
¢y, which could not be dealt with in the
article.

On November 14 the Council of
State approved the general plan for
electric power supply for 1985-1995.
The general plan did not deal with ex-
pansion of condensing power because
the Ministry of Trade and Industry was
preparing a separate proposal for Fin-
nish electricity supply for the 1990s. The
programme for extension ofthe produc-
tion capacity includes, for instance,
construction of the Tampere combined
power and heating plant of 125 MW and
Neste Oy's process condensing plant of
25 MW.

In November the Government dis-
cussed the proposal of the Ministry of
Trade and Industry for electricity supply
for the 1990s. The proposal includes
measures to promote combined pro-
duction of heat and electricity, mea-
sures for more efficient electricity use
and a proposal for increase in electricity
imports, as well as for condensing pow-
er construction where nuclear power
would cover part of the demand for con-
densing power capacity. The Ministry
considered it to be important to base
electricity consumption on several
types of energy.

The programme for extension of the
electricity transmission system includes
62 km 400 kV power lines, one 220 kV
line of 300 km and a 400 kV transformer
station and two 220 stations.

A proposal fora new Nuclear Energy
Act has been discussed at parliamen-
tary committees in 1985 and the con-
tents are expected to be approved in
1986. However, the Bill has to be dealt
with as a constitutional law, which also
requires Parliament's approval after the
general election of 1987. According to
the proposal, Government will make a
decision in principle on the construction
ofa nuclear power plant and this propo-
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sal has to be submitted to the Pariia-
ment. Parliament cannot make a deci-
sion in principle without consent by the
municipality in which the power plant is
to be located.

A committee under the Ministry of
the Environment has studied how sul-
phuremissions can be reduced by 30 %
by 1993 from the 1980 level. In 1985 the
committee reported that sulphur emis-
sions had already decreased by 40 %
As the decrease seems to be continu-
ing, the committee will study the possi-

bility of emissions being reduced by
50 % by the mid-1990s.

Electricity consumption

In 1985 total energy consumption
rose by 8.19% to about 245 TWh and to-
tal electricity consumption rose by 6.9 %
to 516 TWh. The increase, which
amounted to more than 3,000 thou-
sand million kilowatt-hours, was due to
the exceptionaliy cold winter and to an
industrial boom in the beginning of
1985. Electricity consumption also in-
creased more than expected in the hou-
sehold and service sector. From August
onwards the increase slowed down as
a result of a declining economic growth
rate. Nuclear power covered 35% of
electricity consumption, hydro power
24 %, back-pressure power 23% and
other condensing power 9%. Electricity
imports accounted for as much as 9%

of consumption.

Deliveries to electric boilers amount-
ed to 0.2 TWh.

Use of natural gas is also increasing
in Finland as the pipe line is expanded
in southern Finland. Annual consump-
tion of natural gas is expected to rise
from 700 million m3to 1500 million m?in
a few years' time. Construction is now
continuing from the town of Kouvola to
the Helsinki Metropolitan Area and to
the town of Tampere.

Energy production

The indigenous content of energy
production, comprising domestic fuels
and hydro power, as a proportion of the
total primary energy demand, was 30 %,
the same as in 1984.

The share of oil of total energy con-
sumption was about 34% given in
Mtoe. Nuclear power production rose to
18.0 TWh, which is an increase of about
1%and its share of electricity production
was some 38 %. Nuclear power plants
at Loviisa and Olkiluoto functioned very
well and the load factor of nuclear power
continued to be atthe top level, i.e. 89 %.

There was a substantial decrease in
hydro power production of 7.2 %, which
accounted for 12.2 TWh. In fact, hydro
power for the first time covered only
25% of production. Runoffs to water
courses corresponded to the medium
value and precipitation was 3% larger
than normally. The energy quantity
stored amounted to 3.2 TWh in 1985,
which is 0.1 TWh less than in 1984. The
highest storage level was achieved on
November 16 and was 79% (3.7 TWh).

In 1985 back-pressure power pro-
duction amounted to 121 TWh, corre-
sponding to around 26 %of production.
Because of the severe cold weather in
January and February, there was an in-
crease in combined heat and power
production in towns. Production of coal-
fired power trebled.

Total energy imports rose to 5.6 TWh.
Electricity imports from the Soviet
Union, which are based on contracts,
amounted to 4.2 TWh and imports from
Sweden to Finland to 1.4 TWh. Exports
to Sweden were 0.9 TWh.

Expansion

New power plant capacity was com-
missioned as an industrial power plant
of 42 MW was taken into commercial
service in July 1985 at Adnekoski near
the town of Jyvaskyla in Central Finland.
Imatran Voima's peat-fired district heat-
ing power plant of 80 MW at Jyvaskyla



was taken into pilot operation in De-
cember1985 and its commercial opera-
tion will be started in May 1986. Imatran
Voima's peat-fired district heating
power plant of 60 MW at Joensuu will be
commissioned in October 1986.

National grid

In 1985 about 350 km of 110 kV pow-
er lines were completed. 26 km of 400
kVlines were under constructionand 28
km were planned. Construction ofa 325
km long 220 kV line from Vajukoski, in
northem Finland, to Varangerbotn, in
Norway, was started. A 185 km-long
submarine cable will be built across the
sea from Finland to Sweden. The cable
is scheduled to be commissioned in
December 1989. According to prelimin-
ary plans the transmission capacity of
the connection will be 420 MW in both
directions and voltage 350 kV. The line
will be built so that the capacity can be
doubled later on.

In June a DC-station was inaugurat-
ed near the town of Vyborg where the
Finnish and Soviet grids are intercon-
nected. The station comprises three
350 MW DC-bridges. This is one of the
largest DC-interconnections in the
world and it makes continuous, exten-
sive electricity imports from the Soviet
Union to Finland feasible. Annual con-
tractual deliveries have amounted to
about 4 TWh.

The only major station disturbance
took place in JAmsa on July 4,1985. A
main transformer (64 MVA 220/110 kV)
was destroyed as a result of a disruptive
discharge in a bushing. The distur-
bance led to a local power failure 1 1/2
hours and a delivery deficit lasting 105
MWh.

Electricity supply functioned well in
spite of the cold weather at the begin-
ning of the year, whereas storms, espe-
cially the Manta storm on October 26,
caused great damage to the electricity
supply, especially in eastern Finland.

Electricity prices
Electricity price remained at the

same nominal level for the fourth yearin
succession. At the beginning of 1985,
the average price for electricity sup-
pliers’ deliveries to household and agri-
culture were 33.3 p/kWh including elec-
tricity tax. The price of IVO's bulk electric-
ity increased as a result of a change in
the coal price at the beginning of the
year 1985. The electricity tax was re-
duced at the beginning of November
from FIM 21/ MWh to FIM 16/MWh.

Imatran Voima’s new pricing system
for bulk electricity, H/85, was taken into
use on October1,1985. The system con-
siders changes in the structure of elec-
tricity production and thus corresponds
better to today's cost structure for elec-
tricity production.

The real price of electricity has dec-
lined by more than 44 % since 1967.
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Research and development

To make engrgy use more efficient,
Imatran Voima studies and develops -

iceland

often in cooperation with equipment
manufacturers - electricity-based in-
dustrial processes, such as mechanical
compression of steam, induction and
conduction heating, infra-red heating
and membrane technology. The advan-
tages of electricity-based processes
include applications which are not
harmful to the environment and im-
proved quality and competitiveness.

In the nuclear energy field, subjects
of extensive research and development
have included the final disposal of
wastes, waste management and opera-
tional reliability. Helsinki University and
Imatran Voima have collaborated to de-
velop a new method to purify radioac-
tive water. The method is based on ex-
tracting kesium through filtration. With
this method the costs for nuclear waste
disposal can be reduced at Loviisa and
the volume of evaporation concentrates
can in theory be decreased to about
30 % of the present volume.

As early as in 1983 an extensive re-
search project was initiated in order to
develop desulphurization methods to
be applied in Finnish conditions. In
spring 1986 desulphurization methods
were tested at the Inkoo coal-condens-
ing plant and Lohja heat supply station.

Imatran Voima also continues to
study alternative energy forms. To gain
practical experience of wind energy,
Imatran Voima has purchased a wind-
power plant of 300 kilowatts from Den-
mark. The plant will be installed at Kop-
parmnas, Inkoo, and it will be operated as
a pilot plant. Annual production is ex-
pected to rise to about 300 megawatt-
hours.

Imatran Voima, in cooperation with
the State Fuel Centre, the Technical Re-
search Centre of Finland and Regional
Development Fund, has initiated a pro-
ject with the aim of developing a heat
supply system based on bivalent use of
domesticfuels in winterand electricity in
summer. The heat supply system will be
applicable forindividual larger buildings
(exceeding 5000 m?) and smaller, regi-
onal heating networks, such as villages.
The share of domestic energy will be
more than 50 %

Energy policy and
energy legislation

geothermal district heating plant
in the Reykjanes Peninsula of the
outh-west corner of Iceland has

merged with six local, municipal electric
distribution utilities in the area to form a
regional energy system. Forty percent of
the geothermal plant was owned by the
Icelandic State and 60% by the local
municipalities. The new energy system,
which will retain the name of the former

geothermal plant, Sudurnes Regional
Heating, will be owned 20 % by the State
and 80% by the municipalities. It has
purchased power fransmission lines
into the area and some other instal-
lations from the State Electric Power
Works. A law establishing the new en-
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ergy utility was passed by the Althing
(Parliament) in 1985.

The Althing also enacted into law a
proposition from the Government con-
cerning the sale by the State to the
Landsvirkjun (the NPC) of the Krafla
geothermal power plantin northern Ice-
land. A sale contract between the two
parties was signed in July 1985, subject
to parliamentary approval. The price
amounted to about one third of the in-
vestment in the Krafla power plant
which was financed entirely by borrow-
ing; the State will be responsible for the
remainder. The basic idea behind the
decision of the price was that the pur-
chase should not lead to an increase in
the wholesale prices of the NPC.

Electricity consumption

The gross consumption of electricity
in Iceland in 1985 amounted to 3837
GWh (3914 GWh in 1984) inclusive of
transmission and distribution losses to-
gether with the power plants own use.
This was a decrease of 2% in 1985. In
the same year 52.2 % of the total gross
consumption went to energy intensive
industries (55.0% in 1984). This was a
decrease of 6.9%. General consump-
tion increased by 4.0% although the
temperature-corrected  figure was
5.5 %. Firm-power deliveries amounted
to 3430 GWh and non-guaranteed deli-
veries to 407 GWh.

In 1985 the Energy Forecast Com-
mittee published a new forecast for
electricity. According to the forecast, the
sums for the general consumption and
the present energy-intensive industry
(whose firm-power consumption in-
cluding losses was 1700 GWh in 1985)
are given below. As a comparison the
forecast from 1981 is also shown. Be-
tween 1981-1985 no new energy-inten-
sive industries have been established.

The figures are in GWh/year as from
power plant, including losses:

1985 1990
3904 4514

1995
5161

2000
5925

According to
the 1981 forecast
According to 3633 4049
the 1984 forecast

Difference 271

4415
746

4739

4865 1186

The reasons that slower growth in
consumption is expected at present
than in 1981 are many, but according to
the Energy Forecast Committee the fol-
lowing factors are perhaps of the
greatest significance:

1. Lower growth in the population than
expected in 1981.

2. More industrial and domestic energy-
saving appliances.

3.Less consumption of electricity per
heated m?3 in electrically heated hou-
ses than anticipated in the 1981 fore-
cast, partly because of better statistics
and partly because of the combined
effect of better insulation and higher
real electricity prices.
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4. Saturation in certain fields of con-
sumption, such as in domestic con-
sumption, are expected to take place
earlier than previously expected, ac-
cording to the pattern of experience in
other countries.

The difference between the 1981
forecast and the actual development
together with delays in the setting up ofa
silicium-metal plant in eastern Iceland,
planned by the former Government to
take place in 1984-1985 has resulted in
a marked over-capacity at the National
Power Company, the country's largest
producer of electricity.

Production of electricity

In 1985 electricity production in Ice-
land amounted to 3837 GWh (3914
GWh in the previous year). Of this

95.49% was produced in hydro power
plants (95.5% in 1984), 4.5% by geot-
hermal energy (4.4 % in1984) and 0.1%
in diesel power plants (same percenta-
ge as in 1984).

Instalied capacity in Icelandic power
plants amounted to 921 MW at the end
of 1985 (917 MW at the end of 1984), of
which 752 MW came from hydro power
plants (unchanged from the previous
year), 128 MW from conventional ther-
mal power (diesel, condensing steam
and gas turbine plants; 126 MW in the
previous year) and 41 MW in geother-
mal power plants (39 MW in 1984). Dur-
ing the last part of 1984 construction
started on the Blanda hydro power plant
in the western part of northerr Iceland,
which will be 3 x50 MW in capacity. The
owner is the NPC. In April 1985 a con-
tract was signed with the Japanese firm
Sumitomo on delivery of turbines and
generators for Blanda. According to

present plans the power plant will be
ready for operation in autumn 1989, but
itis possible that the commissioning will
be delayed by one to two years if pres-
ent negotiations about new energy-in-
tensive industries are delayed.

in 1985 the State Electric Power
Works had under construction numer-
ous 66 and 132 kV regional transmis-
sion lines in northern and eastern Ice-
land.

Electricity prices

The NPC wholesale tariff increased
onJanuary 1,1985 by 14 % from the pre-
vious one of May 1, 1984, On January 1,
1986 the tariff increased again by 14 %,
thus it was then 30 % higher in current
kronas than it was on May 1, 1984. In
constant kronas (i.e. adjusted for infla-
tion) the wholesale tariff was however
2.6% lower on January 1, 1985 and
17.9% lower on January 1, 1986 than it
was on May 1, 1984.

The power sales contract between
the NPC and Alusuisse was revised in
1984 and the price of electricity partly
connected to aluminium price quota-
tions. Due to low price quotations for
aluminium during the whole 0f 1985, the
price of electricity for the aluminium
smelter was constant through all quar-
ters of 1985, 125 mUSD/KWh (mills/
kKWh) (0.0947 SEK/KWh according to
the rate of exchange on December 31,
1985).

The gradual abolition of the price le-
velling tax on electricity as announced
by the Minister of Industry in 1984 (when
it was 19%) and started by the Althing
has proceeded no further in 1985 as it
remained 16 % both at the year's begin-
ning and end. However, the delay in the
termination of this tax is probably only
temporary.



Norway

Energy policy

n 1985 the Government presented

to the Storting (the Norwegian Par-

liament) three White Papers which
will characterize the energy debate in
Norway in the future. The Papers in
question are White Paper number 63
"Comprehensive plan for water
courses” and White Paper number 71
"Norway's future energy consumption
and production” (Energy paper) as also
White Paper number 89 "Protection
plan Il for watercourses”. The paper is
expected to be discussed at the Stor-
ting during the spring session of 1986.

The comprehensive plan provides
Norway with a comprehensive nation-
wide study and charnt of undeveloped
hydro power potential and conse-
quences of hydro expansion for other
consumer interests. The plan evaluates
540 project alternatives in 310 hydro
power projects corresponding to a pow-
er quantity of at least 40 TWh average
annual production.

The projects have been divided into
16 groups. The projects have mainly
been evaluated on the basis of the eco-
nomic viability of power plants and their
conflict rate with other interests. The
groups in the Comprehensive Plan are
divided into three categories. Category
l, which totals 11 TWh/year, includes pro-
jects which can all be dealt with imme-
diately and continuously to contribute to
future energy supply. Category Il en-
compasses groups 6-8 in the Compre-
hensive plan, about 7 TWh power. After
a more detailed evaluation these pro-
jects can be utilized in, say, power ex-
pansion. The third category comprises
projects based on technical expansion
options evaluated but not considered to
be of immediate interest for power ex-
pansion due to severe conflicts with
other user interests and/or high expan-
sion costs.

The work on the Comprehensive
Plan will continue. The projects will, for
instance, be further evaluated taking
new conditions or user interests into
consideration.

The White Paper no. 71 presents
Norway's energy situation and draws
up guidelines for energy policy until the
year 2000. The Paper focuses on devel-
opment in domestic demand until 1995,
and special emphasis is placed on
power dernand and measures to cover
it.

Norway’s highly favourable situation
concerning energy sources is empha-
sized. Norway has sufficient hydro pow-
erresources to cover its own entire elec-

tricity consumption and its production of
oiland gas is sevento eight times larger
than the domestic consumption of pet-
roleum products.

The Government considers the con-
trol of energy prices to be the most im-
portant means of promoting an efficient
and rational use of energy resources.
Energy prices should reflect the costs
caused to society by energy procure-
ment. This will result in the rational ex-
ploitation of resources and it will stimu-
late energy conservation, whenever

economically desirable. With regard to
petroleum products and other energy
products with an international market,
the government will adhere to a price

policy in which the domestic prices are -

based on world market prices.

The Paper does not deal with the
price policy for power for power-inten-
sive industry and larger wood-proces-
sing plants. This was determined by the
Storting on the basis of proposals in
spring 1983 and 1984. With regard to
primary energy for general consump-
tion, the costs to society should also de-
termine prices. As extension of primary
power capacity demands a great deal
of capital, it is essential to know the cost
of invested capital, i.e. the calculation
rate of interest, so as to establish the to-
tal cost of new power. Although a calcu-
lation rate of interest of 5 %has beenthe
base of price comparisons during the
last few years, this paper has based

power demand forecasts for 1995 on
electricity prices corresponding to a
new power cost calculated on the basis
of a 6% rate of interest.

Forecasts for energy demand for the
year 2000 have anticipated that the
energy efficiency will improve greatly. In
comparison with unchanged energy ef-
ficiency, energy demand forecasts in-
dicate a reduced energy consumption
amounting to 23 TWh in 1995 and 39
TWh in 2000.

Further planning is based on a fore-
cast which estimates the primary power
consumption at 70 TWh in 1990, 75.5
TWhin 1995 and 83.0 TWhin 2000. The
forecast is based, for instance, on an
average increase of 2.3%perannum in
gross national product for mainland
Norway up to the year 2000. The scope
for primary power for power-industry,
which at present amounts to 31 TWh, is
forecast at 33.2 TWh in 1990, 35 TWhin
1995 and is unchanged thereafter until
the year 2000.

Taking into account uncertainty in
the demand analysis, the Govern-
ment's target for necessary primary
power supplies for 1990 is 104.7 TWh
and 111.5 TWh in 1995. The power de-
mand in the year 2000 is estimated at
120 TWh.

According to the Government's es-
timate, it is less expensive to cover the
domestic primary power demand up to
the year 2000 through the continuous
extension of Norway's hydro power re-
sources than to use alternative ways of
generating electricity.

A re-evaluation of demand and sup-
plies is expected to be presented at the
Storting in a separate Paper in the
spring session of 1987.

The organization of the Norwegian
Water and Electricity Administration un-
derwent changes which took effect on
January 1, 1986. The former Energy Di-
rectorate of the State Power System
was made a separate administrative
unit under the name State Power Sys-
tem. It has a directorate of its ownand is
placed under the Department of Oiland
Energy. The Energy Directorate and Di-
rectorate of Water Resources continue
as separate directorates within the com-
mon department of the Norwegian Wat-
er and Energy Administration, NVE. A
Chief Executive and a Board are in
charge of NVE, which also operates un-
der the Department of Oil and Energy.

Electricity comsumption

Total consumption increased by
50% from 1984 to 97.6 TWh in 1985.
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During the last ten years consumption
has increased by 3.6 %per yearonaver-
age.

General consumption of contracted
power increased by 10% to 65.8 TWh.
The year 1985 was, however, colder
than normal and after adjustment to
normal temperature, consumption was
63.6 TWh. The corresponding figure for
1985 was 60.9 TWh, an increase of
4.4%. in 1985 the adjusted consump-
tion was 4.6 TWh higher than the Go-
vernment's forecast made in 1980. This
is mainly assumed to be due to in-
creased electric heating, which has
clearly been the most inexpensive heat-
ing alternative. There has also been a
more intensive conversion to electric
heating than the White Paper on energy
of 1980 anticipated.

The Government's new White Paper
on energy for 1985 presents new fore-
casts for consumption, 1983 being now
the starting point. Compared with a
steady consumption increase from real
consumption in 1983 to forecasted con-
sumption in 1990 (70 TWh), tempera-
ture-adjusted consumption was as
much as 1.6 TWh greater than anticipat-
ed in 1985.

The Government thus anticipates
the increase in annual consumption to
average 2.4 % in 1983-1990. Tempera-
ture-adjusted consumption has risen
by an average of 4.1% per year since
1977 and annual growth rates differ only
marginally from the average for the
period.

The continuous intensive increase in
consumption from 1984 is accounted
for primarily by favourable economic
conditions in 1985, when there was a
substantial increase in services and in
private consumption. Unlike during the
last few years, electricity consumptionin
1985 did not increase as a result of con-
version from oil to electricity in the heat-
ing sector. The sales of light fuel oils,
converted into an equivalent quantity of
electricity delivered to consumers,
amountto 10.7 TWh, an increase of 10 %
from 1984. However, adjusted to normal
temperature conditions, a marginal
decline in light fuel oil consumption
seems evident.

Referring to power plants, power-in-
tensive industry consumed 31.0 TWhin
1985, a decline of 1.1 TWh or 3.4 %from
1984. The consumption decrease re-
sults from a deteriorated market for in-
dustrial products and from the fact that
prices for temporary power were gene-
rally some 150 % higher in 1985 than in
1984. This condition has restrained
companies to purchase temporary
power to supplement their contracted
power supplies.

Deliveries of temporary power to
electric boilers in 1985 were 4.3 TWh, i.e.
4.6 TWh. During the last few years there
has been a significant increase in the
use of light fuel oil as a reserve fuel in
electric boilers. This results from high oil
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prices and good availability of tempor-
ary power. The domestic market for
temporary power delivered to electric
boilers is estimated at 5.7 TWh on an
annual basis. Sixty-five per cent of this
market uses heavy oil as a heating alter-
native.

The maximum load for domestic
consumption was estimated at 17 324
MW in 1985 and occurred on February
11. In 1984 the maximum load was
16993 MW.

In 1985 electricity covered 47.6 % of
the theoretical energy content in energy
delivered to consumers (net final con-
sumption). Qil products covered 36.8 %
while solid fuels and gas covered the re-
maining 15.6 %.

Electricity production

Atthe end of 1985 production capac-
ity for contracted power in the Norweg-
ian power system was about 95 TWh,
inclusive of estimated imports. New in-

stallations during the year increased
production capacity by 1.3 TWh, which is
about the same as in 1984. In the last
few years few expansions have been
carried out in the production system,
whereas production capacity increased
by about 2.5 TWh per annum in the five
preceding years.

The increase in maximum capacity
of Norwegian power stations was 833
MW in 1985. Total maximum capacity on
December 31, 1985, was 23 803 MW, of
which 311 MW was thermal power. The
State Power Board owns 31.4 %, munici-
palities and counties own-51.1% and
private and industrial enterprises own
17.5%.

The usable run-off to the power ge-
neration system was 97 %of the normal
in 1985, corresponding to 100 TWh. In
combination with an approximate re-
duction of 2 TWh in water reservoir sup-
ply during the year and power con-
sumption of 0.8 TWh, this provided a
base for hydro power production of
102.9 TWh. With the increase of about
0.3 TWh thermal power production, total
production was 103.2 TWh. This is 35

TWh less than the record production in
1984 but, nevertheless, close to the esti-
mated average 1985 production capac-
ity for the Norwegian system.

Power exchange with the neigh-
bouring countries resulted in small net
export of 0.6 TWh to Denmark. The pow-
er exports to Sweden amounted to 3.4
TWh and imports from Sweden to 3.4
TWh. Thus there was a balance in pow-
er exchange.

At the end of 1985 reservoirs were
66.9% full against the approximate
seasonal average of 73 %. Reservoir ca-
pacity increased during the year by 8.1
TWhto 73.6 TWh. The reservoir Blasje at
the Ulla-Farre plant alone represents 7.8
TWh of the capacity increase.

Electricity prices

The price of energy delivered by the
State Power Board for general con-
sumption increased from 14.7 are/kWh
to 15.45 ere/kWh on May 1, 1985. The
Storting has decided on an additional
7 Wincrease to 16.53 gre/kWh from May
1,1986. The price is the calculated aver-
age for 6,000 hours of consumption and
applies to central areas served by step-
down transformers.

The average price of electricity deli-
vered to households and agriculture
was 33.8 gre/kWh in 1985, including all
taxes. Price differences between vari-
ous supply areas may, however, be
substantial - the ratio between the
highest and lowest electricity price is
about 3:1. The service and industrial
sectors generally pay a somewhat
higher price for their power than house-
holds. Subscribers who pay household
tariffs also had the advantage of cover-
ing their heating demand with electricity
instead of kerosine and light fuel oil.
Energy costs on the H-4 tariff, which is
the most common, were on average
about 30 gre/kWh including taxes, whe-
reas the equivalent energy costs with
light fuel oil were about 40 gre/kWh. The
difference in price was, however, much
smaller than during the four preceding
years.In 1986 the price relations are like-
ly to change so that light-fuel oil heating
may be the cheapest heating method.

In 1985 the general electricity tax
charged to the consumer was 2.9 are/
kWh and it applied to deliveries for both
power-intensive industry and general
consumption. In 1986 the tax will be 3.1
ere/kWh.

The long-term marginal cost indi-
cates the cost of marginal increase in
the power system capacity to deliver
contracted powerto consumers already
connected to the power system. In gen-
eral consumption, the long-term cost
has been calculated at about 28 are/
kWh, including value added tax. A 5%
real rate of interest has been usedin cal-
culations and the money value is that of
January 1, 1985.



National grid

No major transmission plants with a
higher voltage level were taken into
operation, but shorter lines were ex-
panded to improve local connections.

On August 5, an undesirable over-
load tripping occurred with a sub-
sequent total breakdown of the 300 kV
main grid between Telemark and Roga-
land. Large areas of the south coast
were affected, and some for as long as
2.5 hours.

On December12,industrial dustand
humid weather caused a short-circuit at
a transformer station in westermn Oslo.
Large areas of Oslo were blacked out for
two hours.

Some important expansion plans
have been drawn up, forinstance, at the
end of 1986 the 300 kV line Rana-Tran-
delag will be completed and in 1988 the
transmission line between Hardanger/
Sogn and the Oslo area will be streng-
thened with a new 420 kV line in the
east. Furthermore, a 420 kV reinforce-
ment of the transmission capacity bet-
ween south-western Norway and the
Oslo area is to be commissioned in
1989. Further expansion between the

Sweden

300/420 kV net in the central Jstlandet
(eastern Norway) and Oslo is being
considered. The expansion is neces-
sary to cover the power peaks in the
area but it may also affect the exchange
capacity to Sweden via @stfold.

An agreement on reciprocal power
exchange has been made for the con-
struction of a new 220 kV interconnec-
tion between Porttipahta in Finland and
Varangerbotn in Norway. It is estimated
that the interconnection will be com-
pleted in 1988.

Miscellaneous

Throughout 1985 interest grew inthe
exploitation of gas in the Norwegian
continental shelf for power production
both as an alternative to hydro power
and as a future energy source when all
hydro power potential has been exploit-
ed. Statoil and NVE have cooperated to
draft a report dealing with production
costs for gas turbine power in more
detail.

Two prototype wave power plants,
Kvaerner Brug A/S and Norwave, were
commissioned on November 13, 1985.

The outputs are 500 and 350 kW and
the estimated annual production, 1.8
GWh and 2.2 GWh respectively. The
plants are situated in the Jygarden mu-
nicipality, to the west of Bergen.

Wave power is expected to be a
competitive alternative at small power
production plants.

The national budget for 1986 allo-
cates funds for the implementation of
an experimental project for wind power
(55 kW) on Freya. The goal is to develop
a prototype plant for a combination of
wind power and a diesel plant, de-
signed to supply smallisland communi-
ties of isolated places on the coast with
electricity.

The Norwegian electricity supply
marked its 100-year jubilee withan exhi-
bition in Skien on September 27-Oc-
tober 2,1985. It was in Skien that the first
electric power plant in Norway was ta-
ken into service in 1885, only three years
after the first electric power plant in the
world had been commissioned in New
York in 1882.

Energy policy

n February the Swedish Government

presented a bill containing the guide-

lines for Swedish energy policy until
the middle of the 1990s (Government
Bill 1984/85: 120). As defined by the bill,
the principal task of national energy
policy is to complete the shift from oil to
domestic renewable energy sources. At
the same time, a plan for phasing out
nuclear power is to be formulated in a
step-by-step process with the aim of
shutting down the last reactor by no later
than the year 2010.

As long as there is an abundant
supply of cheap electric energy, itis to
be used to replace oil and coal, mainly
for heating. In the longer term, the bill

calls for electric energy to be replaced
by conservation, domestic fuels and
new heating technologies. More use is
to be made of backpressure power in
industry and municipal district heating
plants. Continued efforts to develop
wind power are also proposed.

Even with these measures, new
electric power production facilities ba-
sed on traditional technologies - hyd-
roelectric power and coal-fired plants -
may be required in order to replace
nuclear power. In an earlier decision,
the Riksdag (parliament) had stipulated
that hydroelectric power is to be expan-
ded to an average annual production
level of 66 TWh. The present bill con-
tains additions to the earlier expansion
plans to attain this level. The bill further

stated that studies should be conducted
to more closely examine the role of hyd-
roelectric power in Sweden’s future
energy system.

In early June the Riksdag approved
the energy bill, with the exception of the
proposed guidelines for the long-term
role of hydro power. The Riksdag de-
clared that four of the country's principal
rivers - the Torne, Kalix, Pite and Vindel
rivers — should not be used for hydro
power production and that they shouid
he removed from all further considera-
tion. As a result of this decision, the Riks-
dag rejected the bill's proposed studies
of hydro power in this respect

During the spring, the Government
appointed three commissions of inquiry
with the aim of increasing readiness to
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preventand to cope with power failures.
The areas covered by the studies inc-
lude fuel supply in the event of power
failures, reserve power for the nation’s
hospitals and other institutions, and the
need for measures to avert power fai-
lures.

The Swedish National Energy Admi-
nistration was commissioned by the
Government to study the production of
back-pressure power in industries and
district heating plants as well as to begin
a special study of the preconditions for
combined power and heating produc-
tion in Sweden. In addition, an inventory
is to be made of peat resources in Swe-
den.

The Sydgas Project (natural gas)
was officially inaugurated in June, and
deliveries to subscribers in the western
part of Sweden's southernmost Skane
province were begun during the sum-
mer. Negotiations have been conduct-
ed for an expansion of the gas grid
along the west coast of Gothenburg.

A law on contingency plans to se-
cure supplies of natural gas has been
adopted. At present, this law applies
only to large-scale consumers and dis-
tribution to residential areas.

Local government responsibility for
planning in energy policy issues has
beenincreased. Every Swedish munici-
pality is now required to have a plan for
supply, distributionand use of energy as
of 1986. At the same time, national go-
vernment support to municipalities for
their activity in energy inspection and
counselling will be eliminated. Energy
conservation grants from the national
government will also be reduced. The
government has instructed the National
Energy Administration, in conjunction
with the national agencies for building
research and physical planning, to de-
sign aids for local energy conservation
efforts. These will take the form of so-
called key figures for various categories
of residential, commercial and industrial
buildings.

In the autumn of 1985 the Swedish
State and the power industry concluded
an agreement on a new programme for
the development of wind power. Under
this arrangement, the parties are to
share the development costs equally.
An inquiry commission has also been
appointed to determine the siting of
wind power plants to be constructed in
the future.

After the severe floods in Koppar-
berg and Gavleborg counties in the au-
tumn of 1985, a special fact-finder was
appointed to map out the measures
needed to reduce the risk and conse-
quences of fiooding. One of the tasks
assigned to this investigator is assess
the need of additional measures for
Sweden's dams and power plants, as
well as fo study the possibilities of con-
structing small hydroelectric  power
units at older abandoned dams.

In the spring the Riksdag approved a
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Government programme for combat-
ting air polluion and acidification.
Among the measures called for in the
programme are catalytic converters on
cars and unleaded petrol.

The Riksdag decision mandates a
30% reduction of nitric oxide dis-
charges by 1995 from the 1980 level,
and a 65% reduction of sulphur dis-
charges in the same period. Appropri-
ations of funds for anti-acidification
measures, including calcification, are
being substantially increased.

At the end of the year, a differentia-
tion of the petrol tax was introduced,
making the tax on unleaded petrol SEK
0.16 per litre lower than on leaded petrol
as of January 1, 1986. Catalytic conver-
ters will be obligatory for all cars in Swe-
den beginning with 1989 models. For
1987 and 1988 models, the sales tax will
be considerably reduced if the more
rigorous exhaust purification require-

ments are met, while it will be raised if
they are not.

In the autumn of 1985 the Govern-
ment convened a special consultative
body, the Energy Council, for an on-
going exchange of information and dis-
cussion of measures which have been
taken or need to be taken to prepare for
and carry out the phasing out of nuclear
power in Sweden.

At the first meeting of the Council, a
detailed report of the Government's
strategy to phase out nuclear energy
was presented. This strategy is as fol-
lows: In 1990 the Government and the
Riksdag shall be able to adopta plan for
the development of conservation and
alternative energy production. In 1995
the Government and the Riksdag are to
be able to decide upon a conversion
plan which shows in real terms how the
various reactors can be successively
removed from operation and replaced
by new technology, and they must be
able to pass the new legislation which

will regulate the conversion. At the end
of the 1990s, the shift away from nuclear
power will be initiated and then be car-
ried to completion in a series of phases.
By the year 2010 the elimination of nuc-
lear power and the conversion will be
completed.

During 1985 the centralized storage
facility for spent nuclear fuel was
brought on line.

The nuclear accident at the Cherno-
byl power station at the end of April has
resulted in studies on a phase-out of
nuclear energy before 2010. The article
could not deal with the matter as it was
written earlier in spring.

Electricity consumption

Total consumption of electricity in
Sweden, including transmission losses,
amounted to 130.8 TWh in 1985. This
represents an increase of 11.3 TWh, or
9.4 %, over 1984. The corresponding in-
creases in 1984 and 1983 were 8.4%
and 10.8 %, respectively.

Of the total electricity consumption,
5.2 TWh (6.6 in 1984) consisted of deli-
veries of excess power (including esti-
mated losses) to electric boilers. Exclu-
ding these deliveries, electricity con-
sumption in Sweden was thus 125.6
TWh, which is 11.2 % higher than in1984.
From 1983 to 1984 consumption, exclu-
ding deliveries to electric boilers, rose
by 7.4 %.

Industrial use of electricity was 47.8
TWh in 1985, which is 1.5 TWh, or 3%,
higher than in 1984. The rate of increase
in 1984 was 9.2 %. Business activity in
Sweden reached what was probably its
peak in the latter part of 1985. Of the total
industrial consumption, 1.2 TWh consis-
ted of deliveries of excess power to
electric boilers. If these deliveries are
excluded, the annual increase was
35%.

Mining and the wood industry are
the industrial sectors which showed the
largest percentage increases, of around
10 %, in electricity consumption. The lar-
ge electricity users (the paper and pulp
industry, iron and steel works, chemi-
cals and engineering) increased their
electricity consumption by between 2
and 4 per cent. In absolute figures, the
paper and pulp industry accounted for
the largest increase, 660 GWh. Electric-
ity use by the textile and clothing indus-
try was down by 20 %.

Electricity consumption by railways
and trams was 2.6 TWh, or slightly more
than 7% higher than in 1984.

Electricity consumption in other sec-
tors (households, service, heating
plants, etc.) amounted to 69.2 TWh, of
which 3.7 TWh was excess power to
electric boilers. Total electricity con-
sumption in this sector increased by 7.9
TWh, or nearly 13 %, over 1984 while de-
liveries of excess power to electric boil-
ers declined by 1.2 TWh.



The highest recorded figure for
hourly electricity consumption during
the year was 23,987 MWh and occurred
onMonday, February 18, between 8 and
9 a.m. This figure is the highest ever re-
corded. The average temperature in
Sweden on that day, weighted with re-
gard to the geographical distribution of
the electricity load, was -25° Celsius,
which is around 20 degrees below nor-
mal.

Electricity production

Total electric power production in
Sweden, excluding the power plant's
own consumption, was 132.3 TWh in
1985, which is 13.2 TWh (11%) more
than in 1984. Hydro power production
was 701 TWh, an increase of 3.3 TWh
(4.9%) over the previous year. This
means that hydro power has reached
new record levels for three successive
years.

The storage level for all Swedish re-
gulation reservoirs was around 74 % at
both the beginning and the end of the
year, a figure which corresponds to 25
TWh of stored energy. The highest stor-
age level was reached in November at
929%, which is 14 percentage points
above the median level. The annual
runoff was 28 % above the average for
the period of 1950-1980. The volume of
the spring floods was slightty above nor-
mal. During the late summer, the runoff
was extremely heavy.

Installed hydro power capacity in-
creased by about 245 MW in 1985. The
largest additions of new capacity were
unit 4 in Stornorrfors on the Ume River
(185 MW) and S&dva power station on
the Skellefte River (31 MW).

Two new nuclear power units, Fors-
mark 3 and Oskarshamn 3, each with a
net output of 1050 MW, were brought on
line during the year. This brought the to-
tal net capacity of Swedish nuclear
plants up to 9,455 MW. Nuclear power
output in 1985 was 55.9 TWh, an in-
crease of 7.4 TWh (15.3%) over 1984.
Nuclear power thus accounted for
42.2 % of Sweden'’s total electricity pro-
duction.

From the operating standpoint, 1985
was a very good year for Swedish nuc-
lear power — on the whole, the bestever.
Essentially all of the targets which had
been set for production economy and
safety were met and exceeded. Very
few major forced shutdowns disrupted
operations. The average energy utiliza-
tion factor for all twelve units was 86 %.
The highest figure, 97 %, was recorded
for Barsebick 2, and the lowest, 73 %,
for Oskarshamn 1, where the overhaul
was considerably extended as a result
ofan earth faultin the station. Ringhals 2,
which had a utilization factor of 74 %,
had to be shut down several times in
1985 because of leakage in its steam
generators.

Back-pressure production totalled
5.4 TWh, which is 52% more than in
1984. Output from condensing units,
gas turbines, etc. was 0.9 TWh. This rep-
resents a sharp increase over the previ-
ous year's figure of 0.2 TWh. The in-
crease in conventional combined heat-
ing and power output was due to the
cold winter together with a high level of
general economic activity in Sweden.

Total electricity production based on
conventional fuels accounted for only
47 % of total electricity production in
Sweden.

No major new combined power and
heating plants based on conventional
fuels were built in 1985.

Imports of electric power amounted
to 51 TWhin1985 (5.7 TWh in 1984). Ex-
ports were 6.7 TWh, which is 1.4 TWh
more than the previous year. Ex-
changes of power with Sweden'’s
neighbours thus resulted in an export
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surplus of 1.5 TWh in 1985; the previous
year's import surplus was 0.4 TWh.

National grid

The northern and southern parts of
the greater Stockholm region have
been joined together by a double 400
kV line across Lake Malaren. The new
link, which replaces a previous single
400 kV line, offers considerably impro-
ved grid capacity for the southern
Stockholm area. However, the full bene-
fits of the link will not be felt until a num-
ber of additonal grid and substation
measures have been carried out. Work
on these measures is in progress, and
they are scheduled for completion in
1987.

Two new 400 kV lines — Oskars-
hamn-Norrképing and Oskarshamn-
Alvesta — were required for the link-up of
unit 3 of the Oskarshamn nuclear power
station. Both lines were commissioned

in1985. In addition to providing new grid
capacity required for the power pro-
duced by Oskarshamn 3, the new lines
also improved transmission from cen-
tral to southern Sweden and to Zealand
in Denmark.

A shift was made in the 400 kV lines
which previously ran from Jénk&ping
across Alvesta to Barseback and from
Hemsjod to Malmo, resulting now in one
Jonkoping-Malmo line and one Hem-
sjo-Barseback line. This change has
improved feeding to southern Sweden
and Zealand.

A decision has been made to builda
third high-voltage direct current (HVDC)
submarine cable link between the is-
land of Gotland and the Swedish main-
land. The link, which will have a capacity
of 130 MW, is scheduled to be commis-
sioned in 1987. To make room for the
new link, the oldest of the existing HYDC
cables is being taken out of service.
When it came into operation in 1954 it
was the first commercial HVDC link in
the world.

Reinforcement measures to increa-
se short-circuit reliability and load capa-
city on the national grid have been car-
ried out on a number of lines and subs-
tations.

Joint links

A second 400 kV alternating current
submarine cable link has been com-
missioned between Sweden and Zea-
land. This new link offers the possibility
of maintaining and perhaps even inc-
reasing the joint link capacity between
the two areas.

An agreement has been concluded
between Vattenfall and ELSAM (Jutland,
Denmark) to build a replacementfor the
present HYDC link between Sweden
and Jutland. The new link, Kontiskan 2,
will have a transmission capacity of 300
MW and is scheduled to be commissio-
ned in the autumn of 1988. Although the
currently existing HVDC link, Kontiskan
1, is approaching the end of its useful
technical and economic life, it is being
kept in operation until the parties jointly
decide to shut it down.

Vattenfall and Imatran Voima Oy in
Finland have concluded an agreement
to build a HVDC link between the eas-
tern Svealand region of Sweden (Fors-
mark) and south-western Finland (Rau-
ma). The new link has a planned trans-
mission capacity of 420 MW and is
scheduled to be commissioned in late
1989. Besides being used for perma-
nent and temporary exchanges of po-
wer, this link can also be used to optimi-
ze parallel operations between the Swe-
dish and Finnish transmission grids.

During the year, Sweden and Nor-
way continued their joint studies on ne-
cessary grid measures in connection
with the planned expansion of output in
the Svartisen area of Norway.
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Electricity prices and
energy taxes

The prices applied by the electricity
companies in 1985 were the result of
longer-term agreements on high-volt-
age tariffs which provided for a price in-
crease of around 6% over the 1984 le-
vel. Since inflation during the same pe-
riod was 5.7 %, the real price of electric-
ity remained roughly the same.

A general price freeze was introdu-
ced in Sweden in March 1985, causing
a postponementof the increases in low-

voltage tariffs which had been planned
for the spring. These price hikes now ca-
me in July instead and were slightly mo-
re than 5% over the 1984 level.

Energy taxes on petroleum products
and electric energy remained un-
changed in 1985. The tax on electric
energy in normal cases is SEK 0.072
per KWh. In certain municipalities in
northern Sweden, the tax is SEK 0.062
and for industrial consumers, the tax is
SEK 0.05 for all consumption over
40,000 KWh/year.

As had previously been announced,
the energy tax on coal fuels was raised

on January 1,1985 by SEK 43 per ton to
SEK 140 per ton. A tax on natural gas of
SEK 308 per 1000 m? was introduced
on January 1, 1985.

For electric energy, fuel oil and solid
fuels used in certain industrial manufac-
turing, the government may, as previou-
sly, grantreductions of the energy taxon
a case-by-case basis, lowering the tax
to 1.5 % of the sales value of the manu-
factured products. Similarly, deliveries
of excess power to electric boilers are
still exempt from the electricity tax in pe-
riods when electricity is not being pro-
duced in oil-fired power plants.
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Background

ince the beginning of the

1970s monitoring and control-

ling of the power system has
developed rapidly.

The enormous expansion in elec-
tronics during the '70s, especially in
computer technology, has had a deci-
sive influence on the developments
which have created today's efficient
control systems. These developments
have progressed in stages; we talk
about various generations of operation
monitoring systems.
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To begin with, the intention was to
computerise the existing analogue re-
mote metering systems. The first gere-
ration was characterised by specially-
adapted systems with very little flexibil-
ity. They were also difficult to maintain.

Second generation systems al-
iowed more flexible maintenance and
development. Database systems were
introduced, while applications conti-
nued to concern the management of
measured values and the production of
(limited) reports.

As computer technology has pro-
duced ever greater processing power at
lower hardware costs, more and more
comprehensive information systems for
operation monitoring and planning in-
cluding new, advanced power system
applications, have been adopted. Thus,
within the brief span of about 15 years,
three system generations have been
developed.

The current computerised informa-
tion systems for operation monitoring
and planning have been given the
name EMS, which stands for Energy
Management System. Remote control

and adjustment are not included in
EMS but they are usually considered
SCADA-functions (Supervisory Control
and Data Acquisition). [1]

Use of an advanced operational
planning system, which holds large
amounts of data and forecasts, makes
possible efficient operational planning,
resulting in an economically optimal
use of generation resources and of the
Nordic facilities for joint operation.

This article is intended to illustrate
both the technical and economic prob-
lems connected with EMS, andto give a
general description of the situation
within Nordel.

The aims of EMS

Modern power systems have an in-
creasingly wide range of generation
methods to choose from, e.g. co-gene-
ration of thermal and electric power, al-
ternative fuels, coal, gas and oil. Jointly-
owned generating plants, extended
grid connections and more complicat-
ed linkage agreements often make it



Nordel 1985

more and more difficult for operation
managers to get a comprehensive view
of the power situation. Automation and
rationalized operation make still greater
demands on central management.

The primary aim in running a gene-
rating system is to achieve the best pos-
sible operational economy while main-
taining good operational safety and
quality. '

A crucial factor in realising these
aims is a suitable information system,
which is required to provide decision-
makers at different levels and in various
organisations with the correct informa-
tion at the right time for decisions to be
made.

A real-time operational monitoring
system, which collects data on the ge-
nerating system, manages event infor-
mation and presents suitable summa-
ries, can provide better facilities for judg-
ing both operational safety and econo-
my. It is then easier for the operator to
react quickly to disturbances and, with
more effective tools, to make better use
of power reserves and the transmission
system.

Scope of EMS

The main requirements of the EMS-
system are during operational monitor-
ing to be able to:

e provide a complete up-to-the-
minute picture of the state of the
power system for the purpose of
monitoring and assessing the
moment-by-moment operational
safety and economy

e continuously monitor the power
system and praduce event reports

e make statistical compilations and
reports

e analyse the currentsituationinthe
power system with a view to the
consequences of probable errors.

e calculate the economically opti-
mal distribution of production from
the current (pre-)conditions

During operational planning the EMS-
system have to:

e make forecasts of electricity con-
sumption and water flows

e calculate the economically opti-
mal production plans for both the
long and short term to optimize
fuel acquisition and to make the
best use of the technical characte-
ristics of the power system

e provide background information
for making assessments of the
economically optimal joint opera-
tion of the Nordel system

* analyse plans for running the pow-

ersystem with a view to the conse-
quences of planned events and
probable errors

e provide background information
for the establishment of transmis-
sion limits, operational reserves,
etc. to maintain the prescribed
safety

Co-operation within
Nordel on EMS

Part of the work of Nordel's contact
group, NORCON, is the co-ordination
and exchange of experiences of work-
ing with EMS systems in the Nordic
countries. The group has previously
published a report where the various
functions are outlined in greater detail.
(2]

As can be seen from above, the
range of functions involved in an EMS
covers a broad spectrum. These in-
clude a number of advanced power
system applications the results of which
provide a very valuable and important
basis for the assessment of safety and
economy in both operational planning
and monitoring.

The following summary describes
the power system applications used in
EMS in the Nordel countries.

Security Monitoring (SM)

The purpose of security monitoring
is to create a complete and correct pic-
ture of the current condition of the power
system so that the operator can get an
idea of the safety of the operation.

Data on network configuration are
collected and combined with a descrip-
tion of the network topology. The results
are given in the form of a mode! with
nodes and admittance branches. The
power and voltage measurements are
checked against switch indicators. The
available, confirmed measurements
are then used fo calculate voltages and
phase angles in all parts of the grid, as-
suming that the system is in the steady
state. This state estimate is used to
maintain a consistent and comprehen-
sive database which is used as the ba-
sis for load flow calculations. The calcu-
lations are carried out cyclically and
thus follow the changes in the power
system. The information obtained from
these calculations is used to comple-
ment the operator's picture of the power
system based on non-measured mag-
nitudes or, in certain cases, on informa-
tion that is temporarily deficient or
wrong.

The various functions are carried out
differently in different parts of Nordel. In
Sweden and Finland, and in a small re-
gional system in Norway, state estima-
tion and monitoring are performed by a
real-time system. State estimation has
not been introduced in Denmark, while
Norway has chosen to handle state esti-
mation and other related network calcu-
lations with a separate system, which
periodically collects information from
the real-time system.

Economy Analysis (EA)

As power generation becomes
more and more complicated, increas-
ingly sophisticated tools are required to
make the optimal use of the generating
equipment. The need for an application
program to carry out various types of
economic analysis and calculation also
increases.

The functions involved inan analysis
of operational economy can in principle
be said to include the whole planning
process from the long-term planning of
hydro and thermal power to the load
distribution at any instant. Hourly, week-
ly and seasonal planning are mostly
carried out differently depending on the
varying needs of organisations within
the company. It is therefore not easy to
define clearly what should be consi-
dered an EMS function.

Normally, economic production
planning is dealt with in stages in which
the following factors are distinguished:
e long-term planning of hydro and

thermal power generation aimed at
finding a strategy for 3-5 years pri-
marily for hydro power production,
special multi-year reservoirs and
thermal power generation.

e Seasonal planning, which means the
tactics for the period from the next
few weeks up to a little overa year, of-
ten up to the spring floods. This pow-
er balance includes water released
from reservoirs, revisions and con-
sumption defined over narrower in-
tervals.

¢ Weekly planning generally deals with
how energy and power requirements
are to be met during the coming
week with the best operational eco-
nomy. The status of the generating
equipment, shutdowns, water vo-
lumes released, grid limitations are
some of the most important parame-
ters, as are the price of oil, coal, etc.

e Finally, daily planning is supposed to
produce the optimum schedule for
generation equipment hour by hour
throughout the day.
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In systems using predominantly
thermal power, daily and weekly plan-
ning work out which units should be in
operation at which time, and when the
units should be started or stopped (Unit
Commitment). These calculations are
partly based on the generation costs of
the unit. An extended unit commitment
also takes account of the problems of
hydro power, drawn on according to
power requirements. Economic Dis-
patch Calculation (EDC) programs
make economic distributions of the ge-
neration of thermal power. It uses the fo-
recast load, and grid and generation
data as input. An EDC calculates what
an individual generator should produce
to maintain balanced loading.

Other functions belonging to this
group are:

e a program to calculate the transmis-
sion losses in the grid

e calculation of the optimal power flow
with respect to voltages, transmis-
sion limits and generating costs

e optimization of reactive power and
voltage

e load prediction

As the power systems within Nordel
vary so much, different EA functions are
used in the different countries. ELSAM in
Denmark has an EDC function which
takes account of the district heating ge-
neration to optimize the electricity pro-
duction for all generating units in half-
hour periods. The results are used inthe
real-time system for monitoring power
generation and for automatic control of
DC interconnections. In Norway and
Sweden several program systems are
used for daily, seasonal and long-term
planning. At Vattenfall a new production
optimization system (POP) has been
developed which makes seasonal
plans for both thermal and hydro power.
A similar function is to be developed for
weekly planning. Sydkraft has installed
an operational computer system to
plan, direct and control (in real time) the
power plants on southern Swedish riv-
ers. At VO and Vattenfall, hourly load fo-
recasts are worked out autormatically
and set by the operator a week in ad-
vance.

Several tools have been developed
to assist coordinated operations within
Nordel with which the various power
companies can judge their marginal va-
lues and power exchange capacity.

Security Analysis (SA)

Security analysis functions are used
to determine the safety of the power
system and to analyse how the planned

46

Planning of
operational
strategy

Economy
analysis

|
I
il

5| illlillltlmlllttll
Al

measures fulfil the security require-
ments. In some cases, more advanced
functions can give direct instructions to
the operators. The applications which
are currently to be found in real-time
system deal solely with steady state si-
tuations. Analysis of the level of security
in transient situations require very large
resources and is not available for real-
time systems.

Functions in this group are typically

directly operator-controlled.

Operator-controlled load flow calcu-
lation (OLF) is a typical security function.
An OLF program permits the operator to
analyse the power flow in a grid, for
example, before a planned switching of
the grid takes place.

Another function in this group is con-
tingency analysis and calculation of
static stability. Contingency analysis in-
volves a series of calculations on prese-
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The range of functions of an EMS
system covers a broad spectrum.
The actual measured values (raw
data) are manipulated in stages in
different functions to end up with a
database which contains a com-
plete description of the power sys-
tem. This database is used by the
whole system. The various func-
tions in a fully-developed EMS sys-
tem form an integrated whole. Ef-
forts are made to delegate the
functions extensively to smaller
hardware units.

lected fault situations. A modern contin-
gency analysis program performs the
calculations automatically and warns
the operator in advance of the worst
faults.

At Vattenfall in Sweden a whole se-
ries of analysis functions have been
brought into use. Apart from the state
estimation mentioned above, they also
include programmes to calculate load
flow, incremental grid losses, and con-

tingency analysis. At Sydkraft in sou-
thern Sweden, state estimation and
load flow are being inplemented. Simi-
lar functions have recently been imple-
mented in Finland. Denmark and Nor-
way have also chosen to perform only
load flow and contingency analysis in
the planning phase.

Economic viability
estimates

It has always been difficult to estim-
ate the economic advantages of using
EMS. The functions, which have been
used for many years, such as economic
generation distribution, are generally
accepted as being profitable. On the
other hand, it is more difficult-to show
that security analyses are economically
advantageous, as it is difficult to assign
a value to good operational security.
However, it is clear that during the odd
large disturbances that have occurred
there have been significant losses to the
economy and orders of magnitude of
hundreds of millions of krones have
been mentioned.

The economic benefits of EMS sys-
tems generally stem for the following
positive features:

e improved production economy, part-
ly through improved long-term fuel
planning, and partly through better
generation distribution from the opti-
mal technical exploitation of regulat-
ing features and efficiencies

e improved consumption forecasts

e improved use of power system mar-
gins can give better production eco-
nomy and delayed investments

e reduced costs for the maintenance of
necessary transmission and produc-
tion reserves through being better
able to monitor their size

e improved exchange of power bet-
ween the Nordel countries because
of better charting of the potential and
possibilities for exchanges

o fewer and briefer large disturbances
In the long term, EMS systems

should be seen as an alternative to
other methods of increasing operati-
onal security. It is, naturally, necessary to
prove the value of EMS systems in prac-
tise before they can start to be brought
into consideration in various dimen-
sioning criteria.

Problems

Structure

From a purely technical point of view,
an EMS system is realised with the help
of computers, communication equip-
ment and software, combined into a
control structure. There are several fac-
tors to be considered when a control
structure is being designed, for
example, ownership and organisation.
The needs of a particular power compa-
ny are sure to differ from those of a pool
organisation.
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The figure illustrates only the most
important economical evaluations.
Both fuel costs and grid losses are
reduced by better distribution of
production. The improved tools
make it possible to perform new
tasks without necessarily increas-
ing staff. Improved short-term plan-
ning increases the use of the pro-
duction units through optimal joint

E:rr”r:[ — N & generation. Improved long-term
IS et T S ) planning ensures optimal use of
Production ® & hydro as well as coordinated revi-

control

sion planning of fossil power units.

Geography, security and economy
have a considerable influence on the
communications technology used. In
some cases, limitations on data transfer
can require more local data processing.

Inthe end, the theoretically and arith-
metically more complicated EMS func-
tions usually lead to centralised, and
better solutions. A normal way of distri-
buting work is for simple functions to be
carried out at the local ievel. Factors like
time response requirements and the
amount of data also support the use of
decentralised solutions.

Historical developments, particularly
those relating to the organisational si-
tuation, have also influenced different
solutions.

Computer hardware

It is typical of current systems that
theircomputing capacity is not sufficient
to deal with the most difficult distur-
bances. The size of the systems has ge-
nerally only been chosen to deal with
normal loads. Attempts are being made
to correct this anomaly in the future by
restructuring the hardware into several
computers with a rapid internal data
network.

Data communication
Data communication has generally
been built up on a strictly hierarchical
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model, by which data transfer is modi-
fied to suit the earlier conventional re-
mote control systems. Large time de-
lays and thus long response times are
one consequence of this.

Personnel

EMS systems use modern comput-
er technology. As is usual for new tech-
nological systems, this leads to
changes in work routines and organisa-
tion. New knowledge and expertise are
required to handle the new tools. At the
same time, the new technology
changes much more quickly than is
normal in other areas of power genera-
tion.

Operators' tasks are changed in that
manual work is replaced by work requir-
ing expertise in the form of well-docu-
mented decisions on a higherlevel. Pre-
viously mistakes and errors could be
explained away by lack of information.
This is no longerthe case. More respon-
sibility is placed on those on duty, at the
same time as automation reduces the
amount of personal contact in the work.

Technical personnel are of central
importance in the running of an EMS
system, and the need for measures to
keep these people must be given the
highest priority.

Unfortunately, it has proven difficult
for power companies to- keep highly-

qualified computing and technical staff
in this special area.

The Market Situation

The increase in system complexity
and the rapid rate of developments
mean that it is difficult to connect sys-
tems made by different manufacturers.
This combined with the staff problems
mentioned previously, leads to greater
dependence on a particular supplier.

By the time a system is finally in ope-
ration hardware is oftenoutof date. As a
result of this there are problems with ob-
taining spare parts and with the availa-
bility of people who can maintain the
equipment. The investment the supplier
makes in maintenance has a direct inf-
luence on the lifetime of the system.

This rapid development does not al-
low time for taking advantage of practi-
cal standards within information tech-
nology. The suppliers do not get suffic-
ient economic advantage from standar-
dised solutions. This also causes unne-
cessarily early replacement of the com-
puter system. Nowadays, EMS systems
are expected to have a lifespan of about
ten years.

Future Prospects

As mentioned above, power sys-
tems have a tendency to become more
complicated. Operating personnel are
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Top left: a video display lay-outin Vat-
tenfall’s information system shows
the power exchange between the
Nordic countries.
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Below left: the picture shows real-
time values which are updated by
major electricity producers in
southern Sweden and power
exchange with Zealand and Jutland
(Sydkraft, Maimo).

Above right: planned and registered
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and Denmark (Landcentralen in
Oslo).
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Below right: a planning table atIVO’s
control centre where the operator
can feed in plans for exchange with
Sweden. The plans are monitored
and the system provides information
for e.g. electricity invoicing.

Staff running the Nordic power system are assisted by a variety of EMS
functions. In energy exchange agreements between the countries, com-
puters calculate the actual incremental values as well as providing the
necessary information for energy issues to be resolved.
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faced with ever more alternatives, both
technically and contractually. Joint ope-
ration and trading between different
companies and systems is increasing.

We therefore need efficient tools
which can be used to analyse the ope-
rational situation, take emergency mea-
sures and also make economic assess-
ments. We are going to have fast state
estimation and grid security analyses.
Intergrated functions at the stations are
going to be able to control the load and
register the course of events during dis-
turbances.

This kind of tool is a combination of
several sub-systems with common da-
tabases divided into several levels. Lo-
cal-level functions, such as automation,
relay protection and operational moni-
toring, are integrated.

More and more, smaller and smalier
companies are starting to use EMS
functions like those described above.
Access to "turn-key” software makes it
normal to introduce EMS functions at
reasonable cost when an existing re-
mote control system is renewed.

The suppliers are developing sys-
tems to the point that it is to a greater ex-
tent possible to make applications to
deal with special conditions in indivi-

References:

dual power companies such as existing
equipment and economic conditions.
At the same time as adaptability is be-
ing improved, costs are also being re-
duced. Economic benefits are increas-
ing in step with rising energy prices and
increased power system complexity.

The control room of today is
planned to be both highly efficient
and pleasant to work in. Central
control room also attract the inte-
rest of the public, so their PR value
should not be overlooked.

Research is being made into the
possibility of developing new systems
in which the user's knowledge and ex-
perience are used to set up a decision
base. Expert systems are expected to
be a great help.

Today, this kind of function is only in
the experimental phase. Several re-
search projects are under way in the
Nordic countries, aimed at developing
the next generation EMS system.

The use of expert systems will be a
central component of these systems. It
is expected that the use of these expert
systems with training simulators will
support planning of operational strate-
gy and training of operators.

Better calculations and knowledge-
based methods, in combination with
improved linking facilities, make it pos-
sible to develop high guality training si-
mulators. This development is essential
for the development and maintenance
of the skills of the operating staff in the
future.

Finally, we can state that there is a
great need for better man-machine
communication. This should be rea-
lised by taking advantage of the techno-
logical advances available in comput-
ing today.

(1} Datamaskinbaserte Driftssentraler i Norden. Report published by Nordel's contact group

NORCON, June 198t.

[2] Systemkontrolfunktioneri Driftscentraler. Report from the Nordel contact group NORCON, Decem-

ber 1983
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Definitioner

| Nordels definitioner har de anvanda uttrycken féljande
betydelse:

Installerad maskineffekt i en kraftstation anges i MW
och &r summan av de enskilda aggregatens nominella
effekt.

Overféringsformaga for en kraftledning &r den effekt i
MW, som ledningen med hansyn till en eventuell be-
gransning harrorande fran de anslutna anlaggnings-
delarna kan Overfdra under normala forhallanden.

Elproduktion anges i GWh och ar den produktion, som
vederbdrande land uppger i sin officiella statistik.

Mottrycksproduktion r elektrisk energi, som produce-
ras i en turbogenerator med anga, som efter turbinen
anvands till ettannat andamal &n elproduktion, till exem-
pel fiarrvarme, industridnga etc.

Kondenskraftproduktion &r elektrisk energi, som pro-
duceras i en turbogenerator med anga, som efter turbi-
nen kondenseras sa att angans energi uteslutande ut-
nyttjas till elproduktion.

Import och export av elektrisk energi anges i GWh och
ar de energimangder, som avréknas som kdp och for-
saljning mellan de respektive ldnderna. Nettoimport ar
skillnaden mellan import och export.

Bruttoférbrukning av elektrisk energi anges i GWh och
ar summan av elproduktion och nettoimport.

Nettofdrbrukning av elekirisk energi anges | GWh och
arsumman av de energimangder, som ar levererade till
och uppmatta hos férbrukarna samt de energimangder,
som produceras i industrin for eget bruk.

Féruster ar skillnaden mellan bruttoférbrukning och
nettoférorukning.

Tillféllig kraft till elpannor ar elektrisk energi, som an-
vands for framstallning av anga eller hetvatten i stallet for
olia eller annat bransle, och som levereras pa speciella
villkor.

Magasinskapacitet for ett vattenmagasin anges i GWh
som den energimangd, som kan produceras i de ne-
danfor liggande kraftverken vid en engangstémning av
fullt magasin.

Magasinsinnehall vid en given tidpunkt anges i GWh
som den energimangd, som kan produceras i de ne-
danfor liggande kraftverken av magasinets vatteninne-
hall dver |agsta reglerade vattentillstand.

Magasinsfylinadsgrad vid en given tidpunkt anges i
procent som férhallandet mellan magasinsinnehall och
magasinskapacitet.

Definitions

Used expressions have the following meanings accord-
ing to Nordel's definitions.

Installed capacity is the installed generating capacity
of a power station given in MW and constitutes the arith-
metric sum of the rated capacity of the units installed.

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

Electricity production is given in GWh and represents
that output the individual countries officially report.

Back-pressure production is the production 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 ex-
panded in a cooling water condenser to enable the
steam to be utilized exclusively for electric power gen-
eration.

Imports and exports are the exchange of power given
in GWh for the commercial blocks of power delivered or
received by the individual countries. Netimport s the dif-
ference 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 givenin 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 intermit-
tent deliveries of temporary surplus power for raising
steam or district heating in electric boilers on terms
agreed on by the parties concerned.

Storage capacity of a reservoir is given in GWh and is
equivalent to the power that is expected to be generated
by all downstream power stations by full discharge of the
impounded water.

Storage contents of a reservoir at certain times is in-
dicated in GWh as being the quantity of energy which
can be extracted 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 reservoir capacity in terms of
GWh.
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Enheter

Effektenheter

kW = kilowatt

Mw = megawalt = 1000 kW
kVA = kilovaltampere

MVA = megavoltampere =1000 KVA
Energienheter

J = joule

kd = kilojoule=0,24 kcal

TJ =1{erajoule=10"J=239 toe
PJ = pelajoule=10"J

kWh = kilawattimme = 3600 kJ
MWh = megawatimme= 1000 kWh
GWh =gigawalimme=1 million kWh

TWh =tlerawalimme= 1000 GWh
= 1 miljard kWh

Mtoe =1 miljon-toe-olje ekvivalent
molsvarar 11,63 TWh

Symboler
~= Ungetarligt véarde
- Vardet noll

(o} Mindre an halften av den
anvanda enhsaten

oo Uppgift inte tillganglig eller alitior
osdker att anges
° Uppgift kan inte forekomma

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 =239 toe
PJ = petajoule=10"J

kWh = kilowatt=3600 kJ
MWh =megawatt-hour= 1000 kWh
GWh = gigawatt-hour=1 million kWh

TWh = terawatt-hour= 1000 GWh=10kWh

Mtoe = 1 million tons of oil equivalent
corresponds to 11.63 TWh

Symbols

Approximate value

- Value zero

0] Value less than half of
unitemployed

oo Data not available

. Category not applicable
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Installerad effekt

Den sammanlagda installerade effekten i Nordellan-
derna steg under 1985 med 3361 MW till 77 360 MW.
Den installerade effekten i vattenkraftstationer utgjorde
ca 55 %. | Sverige och Finland fanns vid arets utgang to-
talt 11765 MW karnkraft.

Fordelningen mellan vatten- och varmekraft ar myc-
ket olika Nordelldnderna emellan. | Danmark anvands
enbart varmekraft och i Norge nastan enbart vattenkraft.
Pa Island dominerar vattenkraften medan Sverige har
ungefar lika stor effektinstallerad i vatten- och varmekraft.
| Finland utgdr varmekraften drygt tre fiardedelar av den
installerade effekten.

Installed capacity

In 1985 the total net capacity in the Norde! countries
increased by 3 361 MW to 77 360 MW. Of the total capa-
city 55 % consisted of hydro power. The nuclear capacity
was 11765 MW,

In Nordel the distribution of hydro and thermal power
differs considerably. In Denmark the generating plants
are aimost 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. Installerad effekt 31.12.1985 och korresponderande medelarsproduktion for installerad vattenkraft
Installed capacity on Dec. 31, 1985 and corresponding average year production by hydro power

Danmark

Finland

Island Norge Sverige Nordel
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Fig. S2. Nya aggregat tagna i drift under 1985

New power plant capacity 1985
Kraftslag/ Nyinstallation under 1985 Totalt 31.12.1985
kraftstation New units:iaken into operation Tiatal
Fower calegary/piant
Antal My Tot inst, Teval rmedel-
agar effekl od eflekt arsprod
N bt MNew Tolat installed Total a
3l unils ApACity il capacity
MW MW GWh
Danmark ’
Vattenkraft - - - B 20
I--I._..r\lr. Cower
Konv. varmekraft oe 507 ° 8215 >0
Convanlional mherrmsl power
Sludshrupvasrket B4 1 380 o 11758 k0
HC. Orstedvaerket B7 1 88 kio 288 KO
Finland )
Valtenkraft - = - 2510 11850
Hydro powset
Koy, varmekraft | 44) a 6 3490 L]
' onventional thenmmal POWEr
Adnekosk 1 40 a 40 a
Kamkraft - - 2310 °
Nuclear power
Island
Valtenkralt - = - 752 4200
Hydro power
Konv, varmekraft 3 4 L] 169 i
Caonventional thermal powsr
Norge »
Vattenkraft e 805 1314 23442 102430
Hydro power
Solbergfoss | 100 177 210 807
Stensfoss 1 62 186 108 5!:12
Uiset 1 35 151 35 151
Ulia/Farre 2 470 350 1250 3246
Korw. virmekraft 2 33 @ 311 o
Conventional thermal power
Sverige
Vatienkraft 6 245 a75 15690 62175
Hydro power k
Starnorriors G4 1 185 130 585 2149
Sadva 1 31 114 ch 114
Konv. varmekralt - - L] 8058 L
Conventional thermal power
Karnkraft 2 2100 o Q455 k3
MNuclear power
Forsmark B3 1 1050 L] 2850 .
Oskarshamn B3 1 1050 ° 2070 .

'l Endast ftr vattenkraften. For den konventicnella varmekraften anges bransleslag
(o =olja, k=kol, g=gas, |=lorv.a=aviall)
Only for hydro power. For new conv. thermal powsr type of tuel 1s stated: (o =oll, k= coal, g =gas. | = paal a = garbage. wasla)
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Fig S3. Beslutade storre kraftstationer
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Det nordiska
hégspdnningsnatet

Sverige har foérbindelser med Danmark, Finland, och
Norge. Mellan Finland och Norge finns enbart ledningar
f&r lokala leveranser fran Norge till forbrukare i Finland.
Vid &rets utgang var den totala overforingsformagan fran
Sverige ca 4 600 MW och till Sverige ca 4 200 MW. Mel-
lan Danmark (Jylland) och Norge finns en likstrémsfor-
bindelse med dverforingsformagan 510 MW i vardera
riktningen. Sédra Jylland har 400, 220 och 60 kV-forbin-
delser med Vasttyskland. Mellan Finland och Sovjet-
unionen finns en 1000 MW likstromsforbindelse. Detta ar
den forsta stamnatsforbindelsen av denna storleksord-
ning mellan Sovjet och Vasteuropa. Sedan tidigare finns
en mindre samkoérningsforbindelse mellan Norge och
Sovjet, och lokala férbindelser melian Finland och Sov-
jet. Island &r j elektriskt forbundet med ovriga Nordellan-
der.

Fig S4. Overforingsledningar

Transmission lines

400 kV

220,300 kV

Tagna
irift

The grid system in the
Nordel countries

Sweden is connected to Denmark, Finland and Norway.
The latter two countries are notinterconnected except for
a few lines from Norway to Finland for local consumption
there. The total capacity from Sweden was about 4 600
MW and to Sweden about 4 200 MW. The DC cable con-
nection between Denmark (Jutiand) and Norway has the
capacity of 510 MW in both directions. From southern
Jutland there are 400, 220 and 60 KV interconnection
links to West Germany. Between Finland and the Soviet
Union there is a 1000 MW DC link. This is the first main
grid connection of this size between the SovietUnionand
Western Europe. Between Finland and the Soviet Union
and between Norway and the Soviet Union there has
been a number of local interconnections for many years.
lceland is not electrically connected to the rest of the
Norde! countries.

110,132,150 kV
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Fig S5. Nordels hégspanningsnat
The Nordel main grid
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Fig S6. Samkdrningsforbindelser mellan Nordellanderna
Interconnections between the Nordel countries

Lander Stationer Nominell Overféringsformaga : Kabel
Countries Terminal stations Fia”med ng Transmission capacity Length Cable
{
vollage
kv MW km km
Fran Till
Danmark Danmark
From To
Darimark Dapimark
| drift:
Ins&mnvice
Danmark- Tiele-Knstiansand +250= 510 510 240/pal 127/pol
Norge Fran Till
Svenge Sverige
From To
Swetlen Swetlan
Danmark— Teglstrupgard-Sotero 132~ 350! 350’ 23 104
Sverige Hovegard-Helsingborg nr 1 400~ } 700" } 700" 91 8
Havegard-Helsingborg nr 2 400~ 91 g9
Vester Hassing-Goleborg 250= 260 260 176 875
Hasle (Bornholm)-Borrty B0~ 80 60 476 433
Finland- Ossauskoski-Kalix 220~ 93
Svarige Pelajaskoski-Lelsi 400~ ' 900 700 230
Pikkarala-Messaure 400~ 423
Hellesby (Aland)-Skattbol 70+~ 35 35 765 56
Norge- Sornes-Tarnehamn 132~ } 200 } 200 49
Svenge Ritsem~Ofolen 400~ 58
Roessaga-Ajaure 220~ 260" 100%% 17
Linnvasselv™ 220/66— 50 50 -
‘MNea-Jarpstrommen 300~ 500" 500" 100
Lulul‘al(gﬂ; Hﬂl]fs 132~ 40 20 5;.5
Hasle-Barguik 400~ } } } 1
Hasle~Trolinatian 400~ 1100 11007 135
Totalt 4615 4235
Tolal
Beslutal: Fran Till
Decided Svenge Sverige
From To
Swetlen Sweden
Danmark- Vester Hassing-Lindome 285= 300 300 149 875
Sverige (nov. 1988) _ )
Finland- Raumo-Gudinge 350=5 420% 420¢ 220 185
Sverige (dec.1989)
Norge- Eidskog-Charlottenberg 132~ 100 100 13
Sverige (1985/80)
Fran Till
Finland Finland
From To
Finland Fintand
Norge- Varangerbotn-Porttipahta , 220~ 50 50 3009
Finland (1988) Ll

' Vid parallelldrift ar 1otala overfonngsiormagan 700 MW (wd gynnsamma produktions- och belastningstdrhallanden 1100 MW 1vardera
rikiningen. '
Al parallel operation of the inlercanrections, the 1otal transmission capacity amounis o 700 MW (in tavourable production and load conditions § 100 MW)
in hoth directions,

1 Kabelstrackan bestér av fyra refaskablar som ar parallellkopplade tva och tva.
The cable line comptises four three-phase cables which are parailel connecled two Dy two.

* Med hansyn till slingdriften over flera samkorningsiorbindelser Norge—Svenge och vissa andra drifisituationar kan dimensione@nde
felfall ge en lagre averonngstormaga.
Transmission capacity 1s in some cases reduced by dimensioning faull case

“ 100 MW galler vid maximal produktion | Gejman-Ajaure -Gardikiors, Vid minimiproduklion | dessa sationer och maximalt 250 MW
produktionsoverskott 1 Helgeland ar dverforingstormagan 200 MW.
100 MW maximurm production in Bajman-Ajaums-Gardikios. With minimum produchon in these stations and 250 MW surmplus production in Helgeland
the transmission capacity is 200 MW.

* Samkormingslanken ar en 220/66 kV transtormalor | den norsk-svenska kraftsiationen | Linnvasselv.
The imtgrconnechon cansists of a 220/68 kY transtormer in the Norwegiari-Swedish power staian Linnvassay.

® Prelimirara varden
Praliminary values.
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Elp roduktion Fig. S7. Totala elproduktionen i Nordel
Total electricity production within Nordel

Den totala produktionen inom Nordel
var 3124 Twh 1985, en Okning med
6,6% jamfort med 1984. Vattenkraften
svarade for 60,4 % och karnkraften for
23,6 %. Motsvarande siffror for 1984 var
04.8 resp. 22,6 %.

SONTENSING Dowet

EleClViCilf}/ pVOduCtion \ = _— Kondens 8,6 %

The total production in Nordel was 312.4
TWhin1985. Thisis anincrease of 6.6 %
compared with 1984, Hydro power
amounted to 60.4 % and nuclear power
to 23.6% of the total production. The
corresponding figures for 1984 were
64.8% and 22.6%.

Fig. S8. Elproduktion (GWh)

Electricity production

Danmark Finland Island Norge Sverige Nordel

28 12 168 3663 102851 70131 188841

26 13115 3738 106339 A& 859 190077

1 500 3 77 ™ ) 839 1311

256 6295 . 163 2536 2250

350 ° e - 150

° 17987 L] L] 55897 73884

2111 4 385 L] 83 842 0422

108 142 174 93 56 574

25977 34 930 174 339 62170 123590

varmexralt 1984 20028 30 111 176 27 52 248 102890
Thermnal power 1984

Tolal produkton 1985 26005 47 0398 3837 103190 132 301 312431
Tolal production 198¢

Total produktion 1984 20 054 43226 3914 106 666 119107 292967
Tolal production 1984

Farandring | procent 29,7 9.0 =20 -33 111 6,6

Darav 142 GWh med naturgas Ofthis 142 GW
Darav 171 GWh geotermisk kraft O
Darav 173 GWh geotermisk kraht
Vindkralt 15 GWh inte medraknad
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Fig. 9. Produktion och bruttoférbrukning
exkl. avkopplingsbara elpannor

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

vattenkraft
hydro power

varmekraft
thermal power

‘\/_ forbrukning
consumption
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Fig. $10. Magasinsfylinad

Kurvorna visar magasinsfyllnaden i %
av helt fyllda magasin under aren 1984
och 1985. De 6vre och undre begrans-
ningskurvorna for de senaste arens
magasinsvariationer ar markerade.
Begransningskurvorna ar hogsta res-
pektive lagsta veckovarden under
perioden 1975-1984.

Water reservoirs

The curves show the impounded water
in per cent of total storage capacity for
1984 and 1985. The field gives upper
and lower extremes which are com-
posed of the weekly maximum and
minimum recorded for the period
1975-1984.

1984 1985

Extremvarden (1.1.1975-31.12.1984)
Extreme values (1.1.1975-31.12.1984)
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Reservoir capacity
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Fig S11. Maximal belastning 3:e onsdagen i december 1985
Maximum load on the 3 rd Wednesday in December 1985

Max. kraftstations- Installerad Max. systembelastning

belastning nettoeffekt Max, syslem ioad

Max power siation )

oulput city 19684 1985

Lokaltd Lokaltid Lokaltd

Local ime MW MW Local irne MW Localtme MW
Danmark - .
Vaster om Stora Ball (ELSAM) 8-9 2423 4429 8-9 2740 8-9 2860
W=sl ol tha Greal Bell
Oster om Stora Balt exkl,
Bormholm (ELKRAFT 10-11 1170 a7ie 17-18 2140 17-18 2260
Eastof the Greal Balt exci Barnhalm
Finland B-9 7570 11210 8-9 7796 B8-9 8353
Island 12-13 550 921 L] » ° .
Norge
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Santal- Eumpean ime
Fig S12. Elenergiomséttningen 1985
(GWh)
Electric energy turnover in 1985

Danmark Finland Island Norge Sverige Nordel

Produktion 26005 47098 3837 103190 132301 312431
Proguchon
Darav vattenkrai 28° 12168 3664 102851 70131 188841
Of this tyiro powear
Impart 31585 «+ 5579 o 3884 5142 452
Tolal produktion och 291860 52677 3837 107 G674 137 443 316952¢
Tolal prodiictan and impon
Export 1439 881 9 4383 6675 139
Bruttolorbrukning 27721 51796 3837 102691 130768 316813
Gross consumghan
Tilitalig kratt fill elpannor elc a 169 102 5102 4885 10258
Excess hydro pawer io slactric bollers eic
Brutioforbrukmng exkl. tilitallig
kraft il elpannor stc 27721 51627 3735 97 589 125883 306555
Gross consumplion axcl
hydro power 1o &
Forandring fran 1984 % 6.3 8.1 -24 50 115 8.2

Change as against 1984

Darav purmnpkratt 802 GWh
Of this purriped siorage power 802 GWh

I Surmman inkluderar utbyte med lander utantar Nordel
Total mciudes exchanges with countries oulsida Nordel
Vindkralt 15 GWh inle medraknad
Wind power 15 GWh exciuoed
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Elenergiutbytet A
Power exchange GWhlyea

Fig. $13. Oversikt dver omsittnin-
gen av elektrisk energi i Nordel
1985

Review of the electric energy turmoverin
Nordel 1985

Fig. S14. Elenergiutbyte 1985 (GWh)
Exchange of electric energy in 1985 (GWh)

Import till: Danmark Finland Norge Sverige

Import to;
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Elforbrukningen
Electricity consumption

Fig S16. Elforbrukningen fordelad pa konsumentgrupper exkl. elpannor

Electricity consumption distributed on consumer groups excl. electric boilers

- /_'_\_-\.
% .-'/ N %
723 | 31,3
0,7 -
27,0 68,7
Danmark Finland Island
e A ~ - — - o
% / - % [ % [
46,9 57.1 52,5
08 2,3 1,4
523 40,6 46,1
Norge Sverige Nordel
Bostader, service m.m. Jarn- och sparvagar Industri
Domestic, commercial etc Traction Industry
Fig S17. Elforbrukning 1985, GWh
Electricity consumption 1985
Danmark Finland Island Norge Sverige MNordel
Brutold KENng 51796 3837 102681 130 768 168
Tiltallig I pannot L] 169 { 5102 4§ D25
Brunolarbrukni 27 721 51627 3735 97 589 125 B83 306 555
0SS mplion
Forluster 2821 2797 360 9629 11134 26741
MNetolorbrukning 4 O 48830 3375 87960 1 749 7981+
Net consumplion
h 672 27 425 2320 16003 GBI 129078
Jarn- och sparvagatr 170 360 704 45 38
Trachor
lader, sevice m.m 18010 21045 1055 41253 65 494 146857
. commercal
Farandring av brutiofarbrukningen
jamfort med Qé ari 5] B.1 -2.4 5.( 1.5 8.2
:‘ n 'l'|'
a5 a
Genomsnittha forandring
42 5,9 a0 3.6 i 4.5
nsuymplion in the st 10
Bruttofdrbrukning 5 4% 10511 15873 23475 7 57
= consumption per inhatilant
5.1% 4,91 0.24 4.1¢ B3 22,78
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30
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90 80 Fig S19. Bruttoférbrukning' av elenergi
per invanare
. Per capita consumption”
B
80 I 70 " Exkl tiltfallig kraft till elpannor
. excl. excess hydro power to electric boilers
.'I'
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Fig. $18. Bruttoférbrukningen' av elenergi Fig $20. Total energitillférsel PJ
1976-1985 Total energy supply

Gross consumption of electric energy

" Exkl. tillfallig kraft till elpannor
Excl. excess hydro power to electric boilers
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PJ  TWh
(504) 140

PJ
1470

(432) 120

(360) 100

(288) 80

(216) 60

(144) 40 =

DK SF N S IS

DK SF N S IS DK SF N S IS

1985

1990 1995

Fig S21. Energitillgang i Norden
Energy supply within the Nordic countries
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Fordelning pa energislag av eltillfdrselin
Distribution of electricity on energy sources

Bransleférsorning for andra andamal an
elproduktion

Fuel supply, other than that for electricity
production.

Inhemska branslen, processbranslen

Elimport import of electricity
Domestic fuel

Inhemska branslen, processbranslen
Domestic fuels, process fuels

Kol Coal

Kol Coal

Naturgas Natural gas
Naturgas Natural gas .
9 g l Qlja Cil
Olja Oil
Karnkraft Nuclear power

Vattenkraft Hydro power
(genomgaende medelvattenar)

Elexport Export ot electricity
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Fig S21. visar den faktiska elenergitillférseln 1985 samt
prognoser for 1990 och 1995. De olika Nordellanderna
visas var for sig. Uppdelning har skett pa kategorierna
vattenkraft, kdrnkraft och annan varmekraft med angi-
vande av de olika bransletyperna. Vattenkraften i prog-
nosen avser medelarsproduktion. For Norges del inne-
bar detta betydande mangd tilifallig kraft som kan utnytt-
jas i inhemska elpannor och/eller exporteras. Den nor-
ska kraftproduktionen forutséties vara dimensionerad
med extra fastkraftreserv utdver férbrukningsprognosen,
jamfor fig S22.

Elenergifordelningen visas i jamitrelse med lander-
nas energifdrbrukning utanfér elsektorn. Fér varje ar vi-
sas tva staplar per land. Den vanstra anger fdrdelningen
av elenergi. Den hogra visar 6vrig energiférbrukning.
For skalorna géller:

-vénstra skalan i TWh galler eltillférseln

- hogra skalaniPJ galler for dvrig energifdrbrukning, och
ar vald sa att den ocksa visar vilka branslemangder
som atgar till produktion av den elektricitet som ingar i
den vanstra stapeln.

Figuren majliggdr en j@mférelse mellan elsektorn och

den dvriga energisektorn. Speciellt tydligt visar figuren

vattenkraftens dominerande roll i norsk energiférsorjn-

ing.

Fig S21. shows the energy supply in 1985 and forecasts
for 1990 and 1995. Each Nordel country is shown separ-
ately. 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
guantity of temporary power which can be exploited
in domestic electric boilers and/or exported. The
Norwegian power production is anticipated to be dimen-
sioned with additional contracted power reserves.

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

The left scale in TWh refers to electricity supply. The
right scale in PJ refers to other energy consumption and
also shows which fuel quantities are consumed in the
production of electricity included in the left bar.

The figure makes it possibie to compare electricity
sector with other energy sector and it shows clearly how
hydro power predominates in the Norwegian energy
supply.

Prognoser

Prognoserna fér aren 1990 och 1995 bygger pa kraftfére-
tagens egna varderingar om den sannolika utveckling-
en. Prognoserna ligger till grund for utbyggnadsplane-
ringen av kraftoverforingssystem och produktionsan-
laggningar.

Forecasts

The forecasts for 1990 and 1995 in the foliowing tables
are made by the power companies in the Nordel count-
ries. The forecasts provide a basis for the planning of
power transmission systems and production utilities.

Fig S22. Faktisk och prognoserad elenergi-
forbrukning exkl. elpannor

Electrical energy consumption and forecast
excl. electric boilers

1985 19580 1995
TWh/ar TWh/ar Twh/ar
Danmark 21,7 32 36
Finland 516 58
i) i ;
Verig 15
Fig $23. Faktiska och prognoserade
topplasteffekter
Peak load capacity and forecast
1985 1990 1995
MW MW MW

Fig $24. Faktiska och prognoserade installerade
effekter i MW inom respektive land (virden per
31.12. respektive ar)

Installed and forecast for installed capacity in
each country (valid per Dec. 31)

1985 1990 1995
MW MW MW

69



Nordels

mediemmar

Novrdel’s Members
Danmark Island Sverige
Preben Schou Jakob Bjgrnsson Goran Ahlstrém
Direktor Generaldirektor Direktor
Managing Director Director General Managing Director
NESA A/S og Isefjordvaerket Statens Energistyrelse Sydkraft AB
Henning Buhl Adalsteinn Gudjohnsen Nils Holmin
Direktor Direktor Driftdirektor
Managing Director Managing Director Vice President (Operation and Sales)
ELKRAFT Am.b.A. Reykjavik Elverk Statens Vattenfallsverk
Jens Christian Clausen Halldor Jonatansson Tage Nytén
Direktor Direktor Planeringsdirektor
Managing Director Managing Director Vice President (Planning)
I/S Skeerbaekvaerket Landsvirkjun Statens Vattenfallsverk
Georg Styrbro Kristjian Jonsson Jan-Erik Ryman
Direktor Direktor Direktdr
Managing Director Managing Director Managing Director
ELSAM Statens Elverker Stockholm Energi
Hans von Bllow Jan Randers
Direktor Norge Direktor
Managing Director Gunnar Vatten Managing Director
grgerglsty[elsen Administrerande direktor gRATSAM
servator General Manager uppleant

Observer Statkraft Deputy

Arne Finstad )
ol seetariat
Klaus Ahlstedt Oslo Lysverker
Vice verkstallande direktor c/o Imatran Voima Oy
Executive Vice Presiderit Sigrmund Larsen FB 138

Imatran Voima Oy
Ordfdrande i Nordel
Chairman of Nordel

Tapio Kunnas
Verkstallande direktor
Managing Director
Finlands Elverksférening

Kalevi Numminen

Verkstallande direktor

President and Chief Executive Officer
Imatran Voima Qy

Pertti Voutilainen
Direktor

Direclor

Imatran Voima Oy

70

Generaldirektor

Chairman of the Board and

Chief Executive

Norges vassdrags- och energiverk

Rolf Wiedswang
Samkaérningsdirektor

Managing Director

Samkjeringen av kraftverkene i Norge
Vice ordférande i Nordel

Deputy chairman of Nordel

Asbjern Vinjar

Energidirektor

Director General (Directorate of Energy)
NVE-Energidirektoratet

Suppleant

Deputy

SF-00101 Helsinki, Finland
Tel. + 3580694 48 11

Johnny Bistrém
Diplomingenjor

Nordels sekreterare
Secretary General of Nordel

Anna-Liisa Perttila
Diplomtranslator
Sekreterare
Secretary



Nordels
utskotts-
mediemmar

Committee Members
Driftutskottet Planeringsutskottet Virmekraftutskottet
Operations Committee Planning Committee Thermal Power Committee
J. Krogh 0. Skak C-E. Lundgren

Avdelningschef, ELKRAFT Am.bA.
Danmark

A. Ring-Nielsen (ordférande)
Overingenjor, ELSAM
Danmark

K. Montonen
Avdelningsdirektor, Imatran Voima Oy
Finland

A. Palmgren
Direktor, Imatran Voima Oy
Finland

O. Gunnes
Driftdirektor, Statkraft
Norge

R. Wiedswang

Samkorningsdirektor

Samkjeringen av kraftverkene i Norge
Norge

S. Axelsson
Direktér, Krangede AB
Sverige

S. Gothlin
Overingenjor

Statens Vattenfallsverk
Sverige

L. Wiklund (sekreterare)
Civilingenjor, Statens Vattenfallsverk
Sverige

Avdelningsingenjor, ELKRAFT, Am.bA.
Danmark

P-F. Bach
Overingenjér, ELSAM
Danmark

H. Viheriavaara
Generalsekreterare,
Elproducenternas
samarbetsdelegation
Finland

L. Makela
Diplomingenjor, Imatran Voima Oy
Finland

S. Fridgeirsson
Overingenjor
Statens Elverker
Island

G. Juliusson
Avdelningsingenjér, Landsvirkjun
Island

0. Guldseth

Chefsingenjor, Nord-Trandelag
Elektrisitetsverk

Norge

J. Tveit (ordférande)
Direktdr, Baerum Energiverk
Norge

B. Lantz
Overingenjor, Sydkraft AB
Sverige

A. Lundberg
Overingenijor, Statens Vattenfallsverk
Sverige

A. Lof (sekreterare)
Avdelningsingenjcr,
Statens Vattentallsverk
Sverige

Direktor, Sydestsjeellands Elektricitets-
Aktieselskab, SEAS
Danmark

G. Lund-Jensen
Direktor, ELSAM
Danmark

B. Mealler Jensen

Driftchef

Senderjyllands Hejspaendingsvaerk
Danmark

V. Anttila
Avdelningsdirektor, imatran Voima Oy
Fintand

A. Tamminen
Tekn.lic., Imatran Voima, Lovisa kraftverk
Finland

T. Asvall

Overingenjor
NVE-Energidirektoratet
Norge

M. Andersson (sekreterare)
Forste avd.ing. Statens Vattenfallsverk
Sverige

L. Gustafsson (ordtorande)
Teknisk direktor,

Statens Vattenfallsverk
Sverige

L. Josefsson
Direktor, Sydkraft AB
Sverige

I. Wernius

Overingenjor, Stockholm Energi,
Varaverket

Sverige

F. Marcus (cbservator)

Civilingenjér, NKA
Danmark

71



held in Reykjavik. The cover e

shows the Great Geyser which is an

gx.ampla of geothermal energy. In
o thermalenem is utilized




