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Nordel

ordel, som grundades
1963, ar en sammansiut-
ning for nordiskt elkraft-

samarbete. Nordel bestar av le-
dande personer inom krafticr-
sorjningen i Danmark, Finland,
Island, Norge och Sverige. Nord-
el &r ett rAdgivande och rekom-
menderande organ vars syfte &r
att beframja internationellt, framst
nordiskt samarbete betraffande
produktion, distribution och kon-
sumtion av elenergi. Nordel har
fljande fasta arbetsuppygifter:

- attkontinuerligt f6lja utveckling-
en av produktionen och kon-
sumtionen av elenergi i de nor-
diska landerna.

—-att sammanstalla konsum-
tionsprognoser och utbygg-
nadsplaner uppgjorda inom de
enskilda landerna.
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—att publicera en arsberattelse
som innehaller Nordels verk-
samhetsberatielse, landernas
arsredogoérelser, specialartiklar
och statistik.

En stor del av Nordels arbete
utfdrs av utskotten och arbets-
grupperna. Genom dessa har
man tillgang till specialister inom
alla omréden av elférsoriningen.
For insamling av statistik och an-
nan periodisk rapportering finns
kontaktméan i de olika landerna.
Inom Nordel finns ocksa kontakt-
man i manga internationella or-
ganisationer.

Nordels ordférande valjs for
en period om tre ar. Ordféran-
deskapet cirkulerar mellan 1&n-
derna. Ordférande utser sekrete-
rare och svarar for sekretariatet,
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Nordel

1986

en ekonomiska tillvaxten i de
D vasteuropeiska industrilanderna

har inte varit s& stark som man
forvantade sig efter oljans prisfall. P&
langre sikt innebéar dock det nuvarande
oljepriset en forbattring i de oljeimporte-
rande landernas ekonomi. Den allman-
na ekonomiska politiken inom QECD-
Europa har varitoférandrad. Finanspoli-
tiken har varit neutral eller lindrigt be-
gransande. Rantenivan har sjunkit un-
der drets lopp men detta antas inte
Oka inflationstakten som &r rekordlag
inom OECD, endast 2,3 %. Totalproduk-
tionen 6kade inom OECD men stanna-
de 1986 pa samma niva som fdregaen-
de ar, dv.s. 2,7 %. Arbetslosheten inom
OECD var hog, hela 8,0%.

De nordiska landerna féljer den all-
manna ekonomiska utvecklingen inom
OECD. Bruttonationatproduktens tillvaxt
varierade dock mycket i de nordiska
landerna. Island har upplevt ett kraftigt
ekonomiskt uppsving med BNP-tillvaxt
p& 6%. Danmark och Norge hade en
tillvaxt pa 3-4% medan Finland och
Sverige lag nagot under 2%. Konsu-
mentprisindexet steg mest pa Island dar
13 % 0Okning méttes. Norge hade en ok-
ning pa 7 % medan Danmark, Finland
och Sverige lag i intervallet 3-4 %. Ar-
betsloshetsstatistiken toppas av Dan-
mark med 8 %, Finland hade 7 %, Sveri-
ge 3 %, Norge 2 % och Island 1%. Sam-
manfattningsvis kan konstateras att
Norden hade en tillvaxttakt jamforbar
med ovriga OECD medan inflationen ar
nagot hégre och arbetsldsheten nagot
mindre &@n OECD-landernas genom-
snitt.

Den sammanlagda elforbrukningen
i Nordellanderna okade under 1986
med endast 0,3% jamfort med fore-
géende &r. Bruttofororukningen var
308,1 TWh, exklusive de 5,5 TWh som
levererades till avkopplingsbara elvar-
mepannor. Forbrukningsandringen
landerna emellan varierade kraftigt.
Den storsta forbrukningsékningen stod
Island f0r, 5,6 %. Danmarks férbrukning
okade med 3,4 %, Finlands med 1,4 %
och Sveriges med 0,4 %. Elférorukning-
en minskade 15% i Norge. Den storsta
elkonsumenten var Sverige med 126,7
TWh. Darefter kom Norge med 96,2

TWh, Finland med 52,6 TWh, Danmark
med 28,7 TWh och Island med 3,9 TWh.

Vattenkraften, som &r basen for el-
produktionen inom Nordel, sted for
172,7 TWh. Detta ar 55,9 % av den totala
produktionen, vilken var 309,0 TwWh.
Norge var den stdrsta vattenkraftprodu-
centen med 96,7 TWh. Sverige produ-
cerade 59,8 TWh, Finland 12,3 TWh, is-
land 3,8 TWh och Danmark 0,03 TWh
med vattenkraft. Karnkraften, som ock-
sa har en viktig stallning inom Nordel,
stod for 85,0 TWh, vilket ar 27,5% av
produktionen. Sverige hade 67,0 TWh
och Finland18,0 TWh kérnkraftsproduk-
tion. Ovrig varmekraftproduktion som
forekommer framst i Danmark, Finland
och Sverige, stod for 51,3 TWh, vilket ar
16,6 % av produktionen. Kot var det hu-
vudsakliga branslet och oljans andel i

elproduktionen var ovasentlig.

Kraftutbytet minskade betydligt fran
foregaende &r och var 9,1 TWh, vilket ar
4,1 TWh mindre &n 1985. Kraftutoytet
blev endast 2,9 % av den totala forbruk-
ningen. Den stdrsta importdren inom
Nordel var Norge med 3,6 TWh. Den
storsta exportdren var Sverige med 6,5
TWh. Norge var ocksa den storsta net-
toimportéren med 1,9 TWh och Sverige
den stdrsta nettoexportbren med 4.6
TWh. Danmark hade 1,6 TWh och Fin-
land 1,2 TWh nettoimport inom Nordel.
Finland importerade dessutom 4,7 TWh
fran Sovjet. Danmark importerade 0,1
TWh fran och exporterade 0,2 TWh till
Forbundsrepubliken Tyskland. Nordel
ar totalt sett en nettoimportor, en féljid av
den stora Sovjetimporten.

Danmark Norge
Denmark Norway
Finlana Sverige
Finland Swsdqen
Isiand Nordel
tceland Nordet

7] utom Nordel
é Outside Nordel

Export

Bruttofdrbrukning i TWh
exkl elpannor

Gross consumption in TWh
excl electric boilers

Férbrukningséandring i %

exkl elpannor

Annual change in consumption in%
excl electric boilers

Total export och importi TWh
Total export and importin TWh
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ordel roi sitt arsmote 1 Stock-
N hom den 28 augusti 1986, Via

arsmotet  behandlades  aktuel!
<raftsituation mom de nordiska 1ander-
na samt kraftcalanserna for de narmas-
‘e tre aren. Sarswad uppmarksamnet
fastes vid <arnkraften och dess framiid |
Norden. Lt atlatande angaende Nor.
dens kraftiorsorning va 90-ta‘et utarbe
ades och detta har delgivits Nordiska
Minsterracket. Vid motet presenterade
diskotten sin verksambel under  det
gangna aret samt verksamhetsplaner
na for kommande ar. Gruppernas ocn
kKontakipersonernas verksamnoet disky-
leractes och nlernationella kontakter
‘apponerades,

Vid arsmoter avgick Jens Christian
Clausen. pa basen av cirkulatonsord -
nngen som tllampas - Danmark, och
som ny mediem invaldes Poul Erik Niel-
sen. Tapio Kunnas fran Finlana avgick
ran sin akliva yanst och som ny med-
iem invaldes £saHellgren. Den svenska
representationen hade man besiutat

andra pa och salunda avgick lage
Nyten och Nils Holmin och som nya
medlemmar invaldes Carl-Erik Nyquist
och Lars Gustafsson.

Drftutskottets ordiorandepost fiytta
des enhgt rotationsordningen fran Dan-
mark 1l Finland och salunda avgick
Arne  Ring-Nielsen som  ordforande.
Anders Palmgren utsags til ny ordfo-
rande. Varmekraftutskottets ordféran-
depost flyttades detta ar fran Sverige il
Finland. Lars Gustafsson avgick och
Rauno Linkama valdes till ny ordforan-
de.

Nordels representanter traffade Nor-
diska Ministerradets  ambetsmanna-
kommutte for energipolitik den 4 decem-
ber 1986 1 Stockholm. Detia samarbete
med energmyndigheterna bestod hu-
vudsakligen av omsesidigt informa-
tionsutbyte och diskussion kring aktuel-
la energifragor.

Nordel holt ett ordforande- och sek-
reterarmote den 26 februar 1987 1 Hel-
singfors dar sekretariatets och utskot-

derna emellan. dnftsakernet och drift-
lekniska 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
bedomes som goda. Dock har de se-
naste arens stora forbrukningsokning
nneburit aft Nordelsystemets  effekt-
och energimarginaler reducerats ge-
nom att forbrukningen varit snabbare
an vad tdigare program forutsett.

Samtidigt har dock forbrukningsok-
ningen ar 1986 bromsat upp jamfort
med tidigare ar dels pa grund av indu-
stnforbrukningens utveckling med aven
pa grund av minskad okningstakt hos
allmanforbrukningen. Dock redovisar
Danmark tatalt en fortsatt relativt hog ok-
ningstakt.

Varfloden blev kraftig 1 Nordelsyste-
met men scmmaren blev nederbords-
fattig med pafoliande mycket laga tillrin-
ningar ach laga magasinslagen 1 Norge

Nordel var en av utstillarna paWorld Energy
Conference i Cannes. Utstaliningen besdk-
tes ocksa av Frankrikes president Francois
Mitterrand.

Nordel was one of the exhibitors at the
World Energy Conference in Cannes. The
exhibition was also visited by Mr. Francois
Mitterrand, President of France.

tens verksamhet behandlades.

Nordels ordforande ar Klaus Afj-
stedt fran Finiand och vice ordforande
ar Rolf Wiedswang fran Norge. Sekrota-
natet finns hos Imatran Voima Oy 1 Fin-
land.

Driftutskottet

Utskottet har lksom tidigare fortld-
pande behandlat aktuella samkor-
ningsfragor sdsom kraftsituationen i de
nordiska landerna, kraftutbytena 1an-

och Sverige vid sommarens slut. Hos-
ten blev daremot nederbordsrik spe-
clellt 1 Sverige och kraftstuationen for-
battrades successivt s alt vid arets slut
magasinslaget var over normalt 1 alla tre
landerna.

Karnkraften har fungerat mycket val
under hela aret. | Svenge nedreglera-
des karnkraften med 0,8 TWh under H6-
destid.

| Svenge har tillstand erhallits att hoja
effekten pa karnkraftolocken Barseback
B1 och B2, Forsmark B1 och B2, Ring-
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hals B2 drivs tills vidare med 80 % effekt
for att minska pafrestningarna pa ang-
generatorerna.

Kraftutbytena har under 1986 ej varit
sa omfattande som aret innan. Under
varen och forsommaren samt under
hosten exporterade Sverige kraft till
Norge vilket bidragit till aterfylinaden av
de norska magasinen.Under varen och
sommaren samt under arets sista del
exporterade Sverige krafttill Finland och
Danmark som ersattning for fossilkraft-
produktion.

Driftutskottets arbetsgrupp for sys-
temfragor, NOSY, har genomfort en
omfattande analys av en storning pa
Sjalland som utidstes genom pendling-
ar. Arbetetresulterar bla. i atgarder i syf-
te att identifiera och bemastra pendling-
ar samt att detaljerat faststalla dverfo-
ringsformagor i samkorningsforbindel-
serna med tanke pa risken for pendling-
ar.

En arbetsgrupp har behandlat fra-
gan om prissattning av kraftutbyten. |
uppdraget ingick bla. att studera om
nuvarande regler leder till ett rationellt
utnyttiande av elkraftsystemet samt om
en rimlig férdelning sker av de ekono-
miska fordelarna av kraftutbyten.

Efter Driftutskottets presentation av
dversynen av prissattningsfragan vid
NORDELs arsmote 1986 fastslog
NORDEL att 1971 ars rekommendation
"Driftsamarbete inom Nordel” med de
tillagg som senare utarbetats skall fort-
satta att galla tills vidare.

Driftutskottet har | samarbete med
Planeringsutskottet genomfért en ana-
lys av Nordelsystemets effektbalans un-
der kallperioderna i borjan av 1985 och
1987. For varje land och for totalsyste-
met redovisas
— forbrukning
— produktion
- g] tilganglig produktion
- produktionsreserver
- kraftutbyten
- Overforingar 1 viktiga snitt.

Malsattningen med analysen var
framst att kartlagga produktionens verk-
liga tillganglighet och de faktiska pro-
duktionsreservernas storlek.

Resultatet fran dessa effektbalanser
samt drifterfarenheterna fran kallperio-
derna ar utgangspunkt fér effekt- och
energibalansanalyser for Nordelsyste-
met for &ren 1990 och 1995 vilka ge-
nomfors av de bada utskotten gemen-
samt. Bakgrunden till balansstudierna
ar att den 6kade elanvandningen och
svarigheter/forseningar med att f4 in ny
produktion och éverforingskapacitet in-
nebar att effekt- och energimarginaler-
na i det samkdrande nordiska kraftsys-
termet har minskat.

Driftutskottet har genomfort en dver-
syn av sina arbetsuppgifter vilket resul-
terat i foliande.

DU arbetar med malséatiningen att
efterstrdva en optimering av resursut-
nyttiningen i det samkérande Nordel-
systemet sa att den ekonomiskt béasta

6

utnyttining av de samlade resurserna
erhalles under beaktande av uppstallda
sakerhets- och kvalitetskrav.

Som led i att efterstrava ovanstaen-
de mal arbetar DU med:

Kraftbalanser

Innevarande driftperiod. Uppfolining av
kraftbalansen (uffall, aktuell kraftsitua-
tion, planer)

Kommande driftar (1-5 ar). Effekt- och
energibalanser

Kraftutbyten

Uppfdlining av kraftutbyten och deras
prissattning

Prissattningsprinciper for tillfalliga kraft-
utbyten

Teknisk samkdrning

Regler for driftreserver, frekvensregle-
ring, belastningsfrankoppling, overfo-
ringsgranser m.m.

Driftsdkerhet

Information om och analys av intraf-
fade storningar och intressanta handel-
ser i kraftsystemet

DU har som en uppgift dven att pa ett
sakligt och konstruktivt satt ge informa-
tion till massmedia med fakta inom sitt
ansvarsomrade enligt ovan.

Under april 1986 holl Driftutskottet ett
gemensamt sammantrade i Kéin med
UCPTESs representanter. Motet beddm-
des som vardefullt och viktigt bor bl.a.
utbyte av erfarenheter. Nasta sadant
méte ar planerat till september 1987 i
Finland.

Planeringsutskottet

Till Nordels arsmote 1986 redovisa-
de Planeringsutskottet rapporterna
- Beregning av nytteverdier for samkjoe-
ringsforbindelser, en studie av det
nordiske elkraftsystem
- Vindkraftens kostnader — en sam-
mantattning av nulaget
- Awagning mellan el och annan ener-

i.

Den forsthnamnda rapporten beskri-
ver den berakningsmodell fér samkor-
ningsstudier pa Nordelsystermet som
framtagits av Produktionsgruppen samt
redovisar resultat for berakningar som
genomforts pa stadium 1995. Den
framtagna modellen utgor ett vardefullt
nytt hjalpmedel i den nordiska sampla-

Vy Over kongresspalatset i Cannes dar Nor-
del redovisade rapporten over Nordiskt
elsamarbete.

View over the Congress Palace in Cannes
where Nordel submitted a report on Nordic
electrical cooperation.

neringen. Rapporten godkdndes av
Nordel.

Aven de bada Ovriga rapporterna
godkéndes av Nordel som ansag dem
innehalla vardefull information saval for
personer som ar verksamma inom
kraftfdrsorjningen som fér en bredare
krets. Nordel beslot att rapporterna skall
tryckas och ges bred delgivning. Tryck-
ningen pagar och rapporterna planeras
kunna distribueras kring arsskiftet
1986-87.



Produktionsgruppen har tagit fram
underlag foér Natgruppens studier om
dverforingskapaciteter i stadium 1995.
Man arbetar nu med att forbattra och
fordjupa datamaterialet for stadium
1995 och planerar en del ytterligare al-
ternativstudier dar man bl.a. skall se pa
inverkan av annan elanvandningsniva
an enligt de officiella prognoserna samt
painverkan av andrade oljepriser. Vida-
re kommer man att ta fram effekt- och
energibalanser for Nordelsystemet i sta-
dium 1995. | Produktionsgruppens rap-
port till Nordels &rsmdte namndes att
detfortfarande finns mojligheter att vida-
reutveckla modellen. Man har ambitio-
nen att ocksa ta itu med detta. En sam-
manfattning av Produktionsgruppens
rapport kommer att redovisas till ett
ECE-seminarium (ECE=Economic
Commission for Europe) om drift- och
planeringsmodeller for elsystem, som
halls i Moskva i juni 1987.

Nétgruppens dominerande arbets-
uppgift under aret har varit studier om
overféringskapaciteterna pa samkor-
ningsforbindelserna i stadium 1995.
Underlag fran Produktionsgruppen har
utnyttiats | arbetet. En rapport i fragan
samt forslag till Nordelrekommendation
planeras bli redovisad till Nordels ars-
mdte 1987. En annan viktig arbetsupp-
gift for Natgruppen ar en Oversyn av
Nordels natdimensioneringsregler.
Dessa regler antogs 1972 och har €]
andrats sedan dess. Hittills gjort arbete
pekar mot att de fortfarande ratt val tac-
ker in de krav man har. Det galler dock
nastan alltid att nagra anldggningar ar
avstallda fér normal revision eller andra
arbeten. Om ett dimensionerande fel
uppstar i samband med nagra mera
omfattande avstaliningar s& kan det
ibland innebara problem. Man avser att
beakta defta i Oversynen. Eventuellt
kommer man ocksa att studera nagra
felfall som &r svarare an de som hittills
varit dimensionerande.

| ett samarbetsprojekt mellan Drift-
och Planeringsutskotten har studerats
Nordelsystemets effektbalans under
kallperioden i bbrjan av 1985 samt pa-
gar studier om effekt- och energibalan-
serna i stadium 1990. Dessa studier
gors for att klarlagga marginalernai sys-
termet under toppbelastning. Svarighe-
ter och forseningar med utbyggnad av
ny produktionskapacitet och samtidigt
Okande elanvandning leder till dkande
problem att tacka elefterfragan. De re-
sultat man hittills kommit fram till inne-
bar att man med gallande prognoser
synes klara kraftbalansen ocksa i sta-
dium 1990, dock med krympande mar-
ginaler. Planeringsutskottet kommer att
gbra motsvarande analys for stadium
1006, Rapportering planeras ske Hill
Nordels arsméte 1987.

Planeringsutskottet har svarat for
den specialartikel om Naturgas i Nor-
den som ingdr i denna arsberéttelse.

Under ett par veckor forsommaren
1986 genomfdrde en delegation fran

nio stater i sodra Afrika som samarbetar
i organisationen SADCC (Southern Afri-
can Development Cooperation Confe-
rence) ett bes6k i de nordiska landerna.
Malséttningen var att informera sig om
elsamarbetet inom Nordel och forutsatt-
ningarna for att etablera nagon form av
liknande samarbete inom SADCC-re-
gionen. Besoket inleddes med ett en-
dagsseminarium med information om
de nordiska landerna och om Norde!.
Darefter gjordes en rundresa med stu-
diebestk vid elanlaggningar i Nordel-
landerna. Som avslutning hélls ett tva-
dagarsseminarium da man diskutera-
de hur man lampligen skulle kunna
starta nagon form av elsamarbete mel-
lan SADCC-landerna. Besketfinansie-
rades av de nordiska bistandsorganisa-
tionerna (DANIDA, FINNIDA, NORAD

och SIDA). Plarieringsutskottet svarade
for programmet for besoket och sam-
ordningen av de olika arrangemangen.

Till Véridsenergikonferensen (WEC)
1986 hade Nordel redovisat rapporten
"Nordic electrical cooperation - simple
cooperation forms offer significant be-
nefits”. Rapporten hade tagits fram i
samarbete mellan de tre Nordelutskot-
ten med Planeringsutskottets sekretera-
re som samordnande. Rapporten utval-
des av organisationskommitten for
WEC-kongressen till att introducera
amnesomradet "Exchanges of electrici-
ty between countries and regions”. Pla-
neringsutskottets sekr utsags att som
specialrapportdr introducera dmnes-
omradet. Planeringsutskottet svarade
ocksa for presentation av rapporten vid
en Poster Session. Vid WEC-kongres-
sen medverkade ocksa Planeringsut-

skottets ordf i en paneldebatt dver am-
net "Growing role of electricity in the
energy spectrum”. Underlag f6r hans
redovisning hamtades bla. ur Plane-
ringsutskottets rapport "Avvagning meil-
lan el och annan energi”.

For ett seminarium om kraftvdrme-
frAgor som arrangerades av Statens
Energiverk pa uppdrag av Nordiska Mi-
nisterradet deltog Planeringsutskottet i
planeringsarbetet f6r seminariet. En av
utskottets ledaméter deltog ocksa som
foredragshallare vid seminariet.

Virmekraftutskottet

Varmekraftutskottet har aktivt fortsatt
med sina arbetsuppgifter att etablera
samarbete inom Norden kring den
samiade produktionsapparaten for vér-
mekraft, kartlagga kostnader vid ut-
byggnad och drift av denna apparat
samt forbattra produktiviteten genom
erfarenhetsutbyte och samarbete. Ut-
skottets arbete sker i stor utstrackning
genom dess arbets- och ad hoc-grup-
per.

Utskottets drift- och underhallsgrupp
har under 1986 anordnat ett semina-
rium for driftchefer. Under seminariet
behandlades inget speciellt tema for
man ville tacka ett s& brett Amnesomra-
de som majligt i syfte att ge driftcheferna
idéer och impulser. Ett motsvarande se-
minarium for underhallschefer plane-
ras. Gruppens arbete med informa-
tionsservice for problemavhjalpning via
erfarenhetstverforing fran andra nor-
diska varmekraftverk har fortsatt. Var-
mekraftutskottet har gett gruppen i
uppdrag att tilsammans med ad hoc-
gruppen for miljéfragor utreda kostna-
derna for avsvavling och deNOx i Nor-
den. Utredningen skall vara fardig 1987.

Karnbranslegruppen konstaterade i
sin frAn det normala mindre omfattande
arsrapport att marknadssituationen for
karnbranslen liksom tidigare kan karak-
tariseras som stabil med t.o.m. svagtfal-
lande priser i USA. Da samtidigt dollar-
kursen har fallit i fdrhatlande till de nor-
diska valutorna har det reellt skett en
nedgang i priserna.

Forsknings- och utvecklingsverk-
samheten inom NKA "Nordisk Kontakt-
organ for Atomenergispergsmal” har
fortsattningsvis bevakats av utskottet.
For att narmare kunna folja upp NKA:s
sakerhetsprogram for 1985-1989 har
VU utsett en kontaktmannagrupp. Grup-
pens huvudsyfte ar att erhdlla praktisk
anvandning av programmet for kraftin-
dustrin.

Utskottet har ombildat "Ad hoc-
gruppen for svavelutslapp” till "Ad hoc-
gruppen for miljéfragor” med vidgade
arbetsuppgifter betréffande varmekraft-
produktionens miljdaspekter. Gruppen
skall halla sig informerad om forsk-
ningsresultat och gallande uppfattning-
ar betraffande de biologiska konsek-
venserna av olika miljdpaverkande ut-
slapp.
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Danmark

Energipolitik

et politiske @nske om mindsket
afhaengighed af importeret ener-
gi blev ogsa i 1986 tilgodeset ved
en stigning i produktionen af dansk
Nordse-olie og - gas. Denne produk-
tion bidrog afgerende til, at energi af
dansk oprindelse i 1986 udgjorde om-
kring 31 % af Danmarks bruttoenergi-
forbrug. Den samlede danske produk-
tion af olie og gasi 1986 svarede til 48 %
af det danske olie- og gasforbrug. Det
danske forbrug af egen Nordse-olie var
2,8 mio. tons og af naturgas 1,1 mia. m3.
Herudover eksporteredes 0,6 mia. m?
gas og 0,8 mio. tons olie.
Efterforskningsaktiviteten i den
danske undergrund blev oget i 1986,
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idet 12 grupper omfattende 44 selska-
ber nu har koncession pa efterforskning
og indvinding i udvalgte omrader. Deter
dog fortsat kun Dansk Undergrunds
Consortium, der producerer olie og na-
turgas.

Elveerkernes pligtkeb af naturgas
under aftalen med Dansk Naturgas A/S
belab sig 1 1986 til 0,17 mia. m3, | de-
cember 1986 reducerede Dansk Natur-
gas A/S skennet over det samlede pligt-
kab med yderligere 25 % til knap en tre-
diedel af aftalens oprindelige ramme pa
2,5 mia. m3,

Kul var med 93 % fortsat det domi-
nerende breendsel pa danske kraftvaer-
ker i 1986 i overensstemmeilse med det
energipolitiske gnske om lav olieaf-
haengighed. Importforholdene for kul
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Vindkraftsparken pa Masnede ar firdig och
bestar av fem 750 kW anlidggningar.

Construction of the Masnedo wind power
farm, consisting of five 750 kW plants, was
completed.

&ndredes, efter at det med virkning fra
november 1986 blev forbudt at importe-
re kul fra Sydafrika. Som en delvis er-
statning er der iveerksat en betydeligim-
port af kul fra Colombia.
Verdensmarkedet for breendsel
praegedes af rigeligt udbud af kul og
olie. Prisniveauet for kul var generelt
meget lavt i 1986. For oliens vedkom-
mende forekom voldsomme prissving-



ninger, som farte til ultimo priser pa ca.
det halve af priserne ved arets begyn-
delse. Men selv i sommermanederne,
hvor arets laveste oliepriser for begraen-
sede maengder tangerede spotprisen
for kul, var der i Danmark ikke grundlag
for i neevnevaerdigt omfang at skifte fra
kulfyring til oliefyring.

Forrige ars aftaleforslag om, at el-
veerkerne skal udbygge med mindst
100 MW store vindmaller og vindmglie-
parker blev i foraret bekraeftet i de kom-
petente elveerksforsamlinger.

Bag denne aftale ligger et politisk
gnske om at fremme anvendelsen af
vedvarende energi i elproduktionen.
Som en fortseettelse af denne politik ind-
gik regeringen og socialdemokratiet i
juni en aftale om eludbygning. Denne
aftale tilsigter at skabe politisk stabilitet
om den eludbygning, som skal sikre
1990'ernes efforsyning. Ifelge aftalen
skal den fremtidige eludbygning deek-
kes dels af mindre, decentrale kraftvar-
mevaerker og dels af nye, store kraft-
vaerksenheder. Elvaerkerne bidrager til
at sikre optimal udnyttelse af mulighe-
derne for udbygning med decentrale
kraftvarmvaerker baseret pa indenland-
ske energikilder sdsom naturgas, haim,
treefiis, affald og biogas inden for en
ramme pa 450 MW. | de ferste fem é&r
gennemfares et forsegs- og demon-
strationsprogram pa 80-100 MW omtat-
tende vaerker af forskellig sterrelse, tek-
nisk indretning og braendselstyper.

Aftalen indebaerer ogsa, at der skal
gennemfares en malrettet indsats for at
fremme energibesparelser. Sparekam-
pagner, der fokuserer pa det afgiftsfri-
tagne, erhvervsmaessige elforbrug, er
igangsat.

Det blev i 1986 taget kraftige afgifts-
politiske virkemidler i brug pa ener-
giomradet, bl.a. med felgende konse-
kvenser:

- Afgifterne pa el, olie og kul agedes til
mellem det dobbelte og firdobbelte.

- Forbrugerpriserne pa energi seges
fastnoldt pé& et ensartet, hejt niveau
ved lejlighedsvise justeringer af afgit-
terne.

- De gkonomiske vilkar for brug af na-
turgas og vedvarende energi blev
vaesentligt forbedrede gennem fortsat
afgiftsfritagelse.

- De gkonomiske vilkar for energispa-
reprojekter blev forbedret ved de ge-
nerelt hgje forbrugerpriser pa energi.

Elforbrug

Det samlede elforbrug i Danmark
blevi 1986 godt 28 TWh, en stigning pa
ca. 39% fra 1985.

Det var farst og fremmest industrien,
som ggede elforbruget. Stigningen var
her ca. 7 %. | handel og service steg el-
forbruget omkring 5 %, medens dethos
private forbrugere, landbrug m.m. steg
under 1%.

Elforbruget fordelte sig i 1986 pa bo-
liger med 43 %, handel, service og land-

brug med 28% og industri med 29 %.
Prognoserne for de kommende ars
elforbrug baseres fortsat pa moderate
stigningstakter omkring 3% pr. ar.
Hvis den gkonomiske vaekst i Dan-
mark fortsaetter, kan noget sterre stig-
ningstakter blive aktuelle. Modseet-
ningsvis kan elspareforanstaltninger
medfare lavere stigningstakter.

Elproduktion

Den installerede effekt pa danske el-
vaerker var ved udgangen af 1986 ca.
8.150 MW, 0,2% mere end aret for.

Effekten fordeler sig med 95,4% pa
dampkraftanleeg, 3,7 % pa gasturbine-
og dieselanieeg, 08% péa privatejet
vindkraft og 0,19% péa vandkraft.

Ca. 5% af effekten findes i gamle,
forseldede anlaeg, som kun i ekstreme
situationer tages i brug, og som kraever
et varsel pa mindst et par dage.

En veesentlig del af effekten findes pa
kraftvarmevaerker, hvor ydeevnen redu-
ceres, nar der leveres fiernvarme. Under
topbelastning udger denne reduktion
omkring 600 MW.

En blok pa 270 MW blev efter om-
bygning til kul-/oliefyring taget i drift i
1986. En anden blok pa 295 MW er fort-
sat under ombygning.

Dampkraftanlaeggene  daekkede
94,6 % af arets elforbrug, vindkraft 0,3 %
og vandkraft 0,1%. De resterende 5%
daekkedes af nettoimporten.

| samproduktion med elekiricitet le-
verer kraftvarmevaerkerne ca. 47.500TJ
fiernvarme.

Dampkraftanieeggene forbrugte i
1986 breendsel svarende til ca. 11,5
mio. tons. kul. Kulandelen blev 93 %.

Byggeriet pa Amagervaerkets blok 3
og Avedgreveerkets blok 1 fortsatte i
1986 med henblik pa idriftszettelse |
1989 henholdsvis 1991. Hver blok far
en elekirisk ydeevne pa 250 MW netto
og en kraftvarmeydeevne pa 330 MJ/s.

Endvidere pabegyndtes opferelsen
af en ny blokenhed pa Fynsvaerket med
en ydeevne pa ca. 350 MWe og 450
MJ/s varme. .

Tre regafsvovlingsanleeg blev be-
siuttet i 1986, alle med dansk hovedle-
verandar. Det drejer sig dels om to ter-
proces-anlaeg, som skal idriftseettes pa
Studstrupvaerkets blok 3 og 4 - 2x350
MW - i henholdsvis 1988 og 1989, og
dels om et vadproces-anlaeg til Ama-
gerveerkets blok 3 pa 250 MW med
idriftsaettelse i 1989.

Restproduktet fra vadprocessen er
gips, som tillader udnyttelse i gipsplade-
fabrikation og i cementindustrien. Rest-
produktet fra terprocessen er en blan-
ding af calciumsulfit og gips, der under
visse forhold antages at kunne udnyttes
som fyldmateriale. Vaesentlige maeng-
der afsvovlingsprodukter ma dog ven-
tes at skulle deponeres.

To forsegs- og demonstrationsan-
lseg, hvor kvaelstofoxider - NO, - fiernes
fra regen, er sat i ordre hos danske virk-

somheder i 1986 og ventes klar i 1987.
Endvidere er der pa en raekke kraftveer-
ker i veerksat undersagelser og planlagt
zndringer, som skal begraeense NO,-
dannelsen i fyrrummet.

Opferelsen af ELKRAFT's Masnedo
vindmellepark med fem 750 kW maller
blev afsluttet i 1986. Arbejdet med idrift-
saettelse fortsaetter i 1987.

Opferelsen af ELSAM’s 2 MW malie
neer Esbjerg skrider godt frem. Idriftsaet-
telse ventes i efteraret 1987.

Den ferste fase af elveerkernes aftale
med Energiministeriet om udbygning
med 100 MW vindmeller inden ud-
gangen af 1990 er ivaerksat. Planerne
omfatter henved ti vindmelleparker i
starrelsen 2-5 MW og en samletinstalle-
ret effekt pa 35-40 MW. Tilbud er ind-
hentet, og der arbejdes med lokal- og
regionplaner, miljigansegninger og lig-
nende. De samlede anlaegsudgifter i
denne forste fase ventes at blive mellem
350 og 400 mioxkr.

Elpriserne

[ Januar 1986 faldt elpriserne med
nogle fa procent til gennemsnitlig 49
gre/kWh ved 3000 kWh/ar og 34 ere/
KWh ved 1 mio. KWh/ar, ekskl. afgifter og
moms. Samtidig @gedes energiatgiften
fra 15,5 ere/kWh til 19 ere/kWh. | april
steg afgiften til 29,5 ere/kWh (26 ere/
kwh ved elvarme) og i oktober med
yderligere 3 ere til 32,5 ere/kWh (29 ere/
kWh ved elvarme).

P4 grund af uventede fald i breend-
selspriserne forstaerket af dollarens fald
blev elpriserne i oktober sat omkring 7
ere/kWh ned i gennemsnit, hvorefter
forbrugerprisen ved &rets slutning blev
godt 90 are/kWh ved et forbrug pa 3-
4000 kwWh/ar mod ca. 80 ere/kWh et ar
tidligere. Af de 90 ere/kWh udgjorde
energiafgift og moms henved 55 %.

Eltransmissionsnettet

Konti-Skan forbindelsen mellem Jyl-
land og Sverige fornys og udbygges,
bla. fordi den eksisterende forbindeise
med 275 MW overfaringsevne ventes at
vaere nedslidt i midten af halvfemserne.
Arbejdet pa den nye forbindelse er
igangsat, og anlegget settes i kom-
merciel drift i 1988. Den nye forbindelse
far en overferingsevne pa 300 MW ved
285 kV jeevnspaending. Forbindelsens
leengde er ca. 150 km, heraf 88 km i ka-
bel under Kattegat.

Arbejdet i energiministerens og el-
vaerkernes udvalg vedrerende en elek-
trisk forbindelse under Store Baelt afslut-
tedes i 1986. Resultatet blev, at der ikke
under nuvzerende forhold kunne findes
tilstreekkeligt grundlag for etablering af
en sadan forbindelse, hvis anlgegspris
anslas til ca. 820 miokr. Spargsmalet
om etablering af en forbindelse under
Store Beelt skal fortsat overvejes i forbin-
delse med elvaerkernes udbygnings-
planer.
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Finland

Energiekonomi och
-politik
(o]

r 1986 avstannade den ekono-
Armska tillvéxten 1 Finland nagot

jamiort med foregaende ar. Brut-
tonationalproduktens tillvaxt var knappa
2 %. Tillvaxten tilltog mot slutet av aret.
Den avstannade tillvaxttakten berodde
pa varens strejker och pa tillbakagang |
den bilaterala handeln med Sovjetunio-
nen pa grund av oljeprissankningar i
borjian av 1986. Man fick inflationen un-
der kontroll, levnadskostnadsindex steg
med ca 3,5% och partipriserna sjonk
med hela 4,5 %. Utsikterna for 1987 har
ljusnat nagot, framst tilf f6ljd av att efter-
fragan pa skogsindustrins produkter
Okat och exporten till bade Ost och vast
forbattrats.

Energikonsumtionen minskade
med ca 1% ar 1986 fran foregaende ar,
vilket berodde pa mildare vader, ekono-
misk recession i borjan av aret samt
strejker under varen 1986.

Det kraftiga oljeprisfallet i borjan av
aret torde ha varit mest betydande for
den finska energiekonomin. Vid &rsskif-
tet 1985/86 kostade tung brannolja ca
FIM 103/MWh, medan den vid arsskiftet
1986/87 kostade bara FIM 47/MWh.
Aven kol- och naturgaspriserna har
sjunkit kannbart under aret.

Pa varen 1986 grundade Imatran
Voima Oy och Industrins Kraft Ab ett ge-
mensamt bolag Perusvoima Oy med
syfte att bygga ett femte karnkraftverk i
Finland. Karnkraftsolyckan | Tjernoby! i
Sovjetunionen forandrade dock forhal-
landena sé att behandlingen av den an-
sokan som lamnats till handels- och in-
dustriministeriet avbréts. Till folid av
olyckan har den allmanna opinionen
blivit mer negativ till kérnkraft och karn-
kraft ar inte beaktad nar man fattar be-
sfut om elférsérningen for borjan av
1990-talet. Mot slutet av aret forbattra-
des dock karnkraftens opinionsklimat.

Utbyggandet av naturgasnatet till
Helsingforsregionen och Tammerfors
slutfordes hosten 1986. | Tammerfors &ar
eft gaseldat kraftverk under byggnad.
Helsingfors stad har annu inte fattat be-
slut om naturgas skall tas i bruk. P4 hos-
ten tillsattes en arbetsgrupp pa hog niva
for att utreda utbyggandet av rorled-
ningen till vastkusten, till tex. Abo och
Nystad.

Under varen och sommaren férnya-
de och finslipade handels- och industri-
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ministeriet det 'elpaket’ som férberetts
redan under hosten 1985. Eipaketet
omfattar forslag till elférsorjning pa
1990-talet. | november fattade statsra-
detett principbeslut om utveckling av el-
forsorjningen pa 1990-talet. Enligt prin-
cipbeslutet bor elanvandningen vara sa
effektiv och sparsam som majligt. Kom-
binerad el- och varmeproduktion priori-
teras och enligt beslutet kunde dettotala
kraftvarmebyggandet uppga till ca
1100 MW fram till 1995,

Enligt beslutet byggs det forsta torv-
eldade kondenskraftverket pa 150 MW
i Haapavesi i Uledborgs lan. Senare
byggs eventuellt ett likadant kraftverk i
Pudasjarvi. Dessutom namns tva 500
MW kolkraftverk, varav det ena skulle
placeras | Bjorneborg och det andra |
Kotka.

Energiskattereformen den 1.8.1986
hade en stor inverkan pa energiekono-
min. | reformen péalades energi en en-
hetlig 16 % omsatiningsskatt. Samtidigt

LIFAC-avsvavlingsanldggningen vid Inga
kraftverk.

The LIFAC desuiphurization plant at the In-
koo power plant.

avskaffades skilda el- och bransieskat-
ter med undantag av brannolja for
transport. For att trygga de inhemska
branslenas konkurrenskraft har de be-
friats fran omsatiningsskatt.

| och med energiskattereformen
blev ocksa vissa produktionsinveste-
ringar avdragbara inom omsattnings-
beskattningen. Investeringarna omfattar
bl.a. kraftvArmeverk och varmecentraler
samt de kondenskraftverk som eldas
med inhemskt bransle. Energiskattere-
formen minskade industrins energi-
kostnader med sammaniagt over en
miljard mark, medan den enskilda kon-
sumentens energinota dkade med nas-



tan samma belopp.

| juni antog riksdagen en ny karn-
energilag, enligt vilkken riksdagen fattar
beslut om tex. byggandet av nya karn-
kraftverk. Lagen trader dock i kraft forst
efter nyval varen 1987, frutsatt att den
nya riksdagen antar lagen.

| november oOverlamnade den sk.
svavelkommittén sitt betdnkande il
handels- och industriministeriet dar
man hade utrett vilka atgarder man skall
vidta for att uppna malet ocht.o.m. dver-
skrida det. Pa basen av betankandet be-
slét statsradet i februari 1987 om de at-
géarder och utsldppsgranser som redu-
cerar svavelutslappen med 50% fran
1980 ars niva fram till 1995.

| december antog riksdagen ocksa
den sk. forsskyddslagen. | enlighet med
lagen fridlyses de flesta outbyggda for-
sar och alvar i Finland fran kraftverks-
bruk. Darefter kan vattenkraftproduktio-
nen framst hojas med tilldggskapacitet i
befintliga kraftverk. Riksdagen har ock-
s4 behandlat en lagreform som gaéller
beskattning av vattenkraft. Lagen an-
togs i februari 1987 och den innebér att
kraftverkens beskattningsvarden kom-
mer att Oka sa att de narmar sig gang-
bara varden och kraftverksorternas
skatteinkomster fran kraftbolagen okar
avsevart.

Elforbrukning

Ar 1986 6kade den totala elforbruk-
ningen med 1,2 %till 52,7 TWh. Denrrin-
ga konsumtionsokningen pa 0,7 TWh
berodde pa att lagkonjunkturen fortgick
till hosten 1986 och ledde til! att indus-
trins elforbrukning inte 6kade namnvart.
Vadret var ocksa betydligt miidare an
aret forut. | slutet av aret, nar konjunktur-
utvecklingen forbattrades, hamtade in-
dustriforbrukningen sig. Elkonsumtio-
nen dkade ar 1986 mest inom civilsek-
torn, i synnerhet inom bostads- och ser-
vicesektorn. Elvarmefdrbrukningen fort-
satte att &ka och antalet nya eluppvarm-
da bostidder okade med narmare
30 000 ill 360 000 i slutet av 1986. Elan-
delen av dentotala slutférbrukningen av
energi Okade fran 22 % 1985 till 23%
ar 1986.

| Finland var vecka 2/1987 arhund-
radets kallaste och hela landet drabba-
des av det rekordkalla vadret. P4 flera
orter, sarskilt i sédra Finland, slogs nya
koldrekord. Under vecka 2 var medel-
temperaturen i t.ex. Helsingfors-Vanda
flygfalt -30,4°C och en ny rekordtempe-
ratur, -34,3°C, uppmaéttes i Helsingfors.

P4 grund av den stranga kolden
uppnadde elférbrukningen rekordsiff-
ror. Enligt prelimindra uppgifter uppstod
landets nya toppeffekt, drygt 10000
MW, den 12.1.1987. Den forra toppef-
fekten, 8900 MW, var fran &r 1985.

Elproduktion

Elproduktionen uppgick till ca 46,9
TWh ar 1986. Produktionen svarar for

89% av totalférbrukningen och net-
toimporten, som utgjorde ca 5,8 TWh,
for 11 %.

Med vattenkraft producerades ca
12,3 GWh ar 1986. Vattenkraften tackte
26 % av elproduktionen. Vattenkraftens
energimagasin var i Finlands reglerade
huvudvattendrag vid arsskiftet 1986/87
29 % storre an vad genomsnittet brukar
vara vid motsvarande tidpunkt. 1986 var
ett nederbordsrikt ar och nederbdrds-
mangderna var i genomsnitt 7 % storre
an normalt. | norra Finland var mang-
derna nara genomsnittet, medan det |
s6dra Finland regnade betydligt mer an
normait.

Med karnkraft producerades ca 18,0
TWh och dess andel av totalproduktio-
nen uppgick till 38 %. Karnkraftens tili-
ganglighet vid alla kraftverk var god och
den genomsnittliga utnyttiningsfaktorn
for Lovisa och Olkiluoto kraftverksenhe-
ter var 89,3 %. Karnkraftens utnyttjnings-
faktor for respektive kraftverk var fdljan-

de:
elovisal 910%
e®lovisall 819%
® Olkiluoto | 88,1 %
® Olkiluoto Il 94,2 %

Med mottryckskraft producerades
sammanlagt ca 12,4 TWh och dess an-
del av totalproduktionen utgjorde 26 %
ar 1986.

Med 6vrig varmekraft, framst kolkon-
denskraft, producerades ca 4,2 TWh
el. Mangden utgdr bara 9% av total-
produktionen, men under de narmas-
te aren kommer mangden och ande-
len kolkondenskraft att dka markant.

Fran Sovjetunionen importerades
ca 4,7 TWh och nettoimporten fran Sve-
rige var ca 1,1 TWh.

Utbyggnad

Ar 1986 slutférdes 180 MW ny kraft-
verkskapacitet i Finland. De nya kraft-
verken omfattar bla. Imatran Voimas
torveldade kraftvarmeverk i staderna
Jyvéaskyla (80 MW) och Joensuu (60
MW). Imatran Voimas andra enhet vid
Nadendal kraftverk konverterades till ett
kraftvarmeverk och effekten sjonk fran
115 MW till 85 MW.

Av de kraftverk som var under bygg-
nad vid arsskiftet 1986/87 var féljande
de mest betydande: Tammerfors natur-
gaseldade kraftvarmeverk pa 132 MW,
Kajana torveldade kraftvarmeverk pa
70 MW samt det industriella mottrycks-
kraftverket p& 53 MW i Uleaborg.

Under 1986 fattades beslut om byg-
gandet av det forsta torveldade kon-
denskraftverket. Imatran Voima bygger
ett 150 MW kraftverk i Haapavesi. Kraft-
verket skall bli fardigt fram till slutet av
10K0.

Under 1986 byggdes 33 km 400 kV
och 450 km 110 kV ledningar. | slutet av
aret fanns det 34 km 400 kV ledningar
under byggnad och 80 km under pla-
nering. En 220 kV samkdrningsforbin-
delse fran norra Finland till Nordnorge

ar under byggnad och forbindelsen be-
raknas blifardig 1988. For Fenno-Skan-
forbindelsen har offertférfragningar ut-
sants och de slutliga anlaggnings-och
kabelleverantorerna valjs under varen
1987.

Transformatorstationerna pa 400/
100 kV i Seindjoki och Esbo togs i drift.
Seinajokis 400 kV kopplingsstation ar
den forsta 400 kV gasisolerade kopp-
lingsstation som tagits i bruk i Finland. |
Kemi, Tammisto och Raumo &r trans-
formatorstationer under byggnad.

Elektricitetens
prisutveckling

Elektricitetens genomsnittliga detalj-
pris forblev stabilt fram till energiskatte-
reformen den 1.8.1986. Vid energiskat-
tereformen avskaffades den tidigare
elskatten och den ersattes med en om-
sattningsskatt som inriktar sig pa elektri-
citetens forsaljningspris. Detta ledde till
att beskattningen av el 6kade och elekt-
ricitetens detaljpris steg med ca 10%.

Det genomsnittliga realpriset for de-
taljelektricitet inkl. skatt har minskat med
ca 40% fran 1967 aven om realpriset
for detaljelektricitet steg med 8,5% un-
der 1986 i och med att energiskattere-
formen genomfordes. Det genomsnittli-
ga konsumentpriset for hushallseli hog-
husbostader var 423 p/kWh den
1.1.1987 och i smahus 36,4 p/kWh. Det
genomsnittliga konsumentpriset for di-
rekt elvarme var 28,2 p/kWh och for ac-
kumulerande uppvarmning 23,8 p/
kwh. Det skattefria konsumentpriset for
storindustrin  var 13,8 p/kWh den
1.1.1987.

Forskning och
utveckling

Ett nytt forskningsomrade var for-
langning av livslangden hos gamia
kraftverk. Nar kraftverken foraldras och
kostnaderna for nya kraftverksinveste-
ringar samtidigt stiger, 16nar det sig att
renovera gamla anlaggningar och halla
dem i drift. Darfér undersdkte man
grundligt tva kraftverk och en kopp-
lingsstation som representerar en aldre
‘generation’.

Efter det alt nagra stagade stolpar
oforkiarligt fallit omkull ar 1985 borjade
man utreda orsakerna till det sorn skett.
Orsaken visade sig vara underjordisk
korrosion av stagen. Man utredde me-
kanismerna som orsakat korrosionen
och utvecklade metoder, med vilka
denna séllsynta korrosion kan konstate-
ras och elimineras.

Ett finskt LIFAC-avsvaviingssystem
har utvecklats under ett par ar. Vid Inga
kolkraftverk inleddes i borian av 1986
fuliskaliga prov for att testa systemet.

| Kopparnas, som ligger vid sydkus-
ten néra Inga, togs ett 300 kW vindkraft-
verk i drift. Det var ocksa det forsta vind-
kraftverket som kopplades till elnatet |
Finland.
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Ekonomisk udvikling
0

ret 1986 var | Island praeget af et
AOkonormsk opsving. BNP vokse-

demed 6.0 % reelvaerdivaerdien
atfiskeriprodukter, landets vigtigste pro-
duktkategori, med 10,0% og industri-
produktionen med 5,0 %. Investeringer |
1986 var omtrent pa samme niveau
som i 1985. Arbejdslosheden var fortsat
meget lav; | gennemsnit 0,7 % af ar-
bejdsstyrken (0,9% i 1985). Maske det
mest i0jnefaldende treek i landets dko-
nomiske udvikling 1 1986 er et fortsat
fald i inflationsraten. Ved udgangen af
1986 var den 15% p.a., medens ars-
gennemsnittet | 1983 var 84,3 %: 1 1984
292% og 32,5% i 1985. Konsument-
prisenstegigennemsnitmed 13,0 % fra
31. dec. 1985 til 31. dec. 1986.

Energipolitik og lovgivning
Ingen nye love pa energiomradet, el-
ler &endringer af &eldre love, blev vedta-
get af Altinget | 1986. Regeringens er-
kleerede mal angdende udnyttelse af
landets energikilder, vandkraft og geo-
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termisk energy, til energikraevende indu-
stri star ugendret, og det sakaldte Storin-
dustriudvalg fortsatte i ret sine forhand-
inger med udenlandske koncerner,
men endnu uden konkrete resultater.
Opdreet af laksesmolt i geotermisk op-
varmet vand var et voksende erhverv |
1986 og kan muligvis i fremtiden opvise
et lovende marked for geotermisk ener-
gr i landet.

Elkonsumtionen

I Island udgjorde elkonsumtionen |
1986 4058 GWh brutto (d.v.s. inklusive
transmissions- og distributionstab, samt
elveerkernes egetforbrug), mod 3837
GWh 1 1985. Der var en veekst pa 5,7 % i
1986. 11986 gik 52,8 % af totalforbruget
til kraftkreevende industri mod 52,2 %
aret for. Dens forbrug forogedes med
7,0 %. Det almindelige forbrug voksede
med 4,5%; men temperaturkorrigeret
almindeligt forbrug med 3,8 %. Forbru-
getbestod af 3553 GWh fastkraft og 505
GWh ikke garanteret kraft.

Energiprognoseudvalget udsendte
mod slutningen af 1986 en ny prognose

over energiforbrug tif rumopvarmning |
Island 1986-2015, opdelt pa energislag.
Denne prognose viser etlavere forbrug
denne sektor end en tilsvarende prog-
nose | 1380. Forskellen skyldes hoved-
sagelig en antaget langsommere vaekst
I befolkningstallet ifolge den nye prog-
nose end denfornge samtatder nureg-
nes med storre energibesparelser | op-
varmningen end for, iseer i omrader
uden adgang til seerlig billig geotermisk
varme (hvilket stort set vil sige udenfor
hovedstadsomradet hvor opvarmning
nu kan ske tit priser modsvarende 43 %
af hvad det koster at fyre med gasolie).
Prognosens resultat for Island som hel-
hed frem til arhundredsskiftet er gengi-
vet neden for (nyttiggjort varme)



Elproduktionen

listand 1 1986 udgjorde elproduktio-
nen alt 4058 GWh mod 3837 aret for.
Heraf blev 94,7 % produceret 1 vand-
kraftvaerker (95,4 9% 1 1985); 5,2 % ved
geotermiske kraft (4,5% aret for) og
0.1 9% dieselkraftveerker; samme andel
som | 1985.

Installeret effekt 1 islandske kraftvaer-

ker var 922 MW ved udgangen af 1986
(921 MW 1 slutningen af 1985), hvoraf
752 MW | vandkraftveerker (uforandret
fra forrige arj, 129 MW i konventionale

varmekraftvaerker  (diesel; kondens:
gasturbiner) (128 aret for) og 41 MW |
geotermiske vaerker (41 MW).

Bygningsarbejderne ved Blanda-
vandkraftveerket 1 det vestlige Nord-Is-
land fortsatte 1 1986 1 noget afdeempet
tempo idel idrifttagningen nu er blevet
udskudt fra 1989 til 1991 som folge af
lavere veekst | det almindelige elforbrug
0g usikre udsigter til ny kraftkraevende
ndustri.

Reykjaviks byrad besluttede | dec.
1986 at ga 1 gang med forste etape af et
geotermisk kraftvarmeveerk pa Nesja-
vellir, 27 km ost for Reykjavik. Det bliver
landets storste vaerk af denne art, og er
planlagt for 1 hvert fald 300 MW nyttig-
gjort varme + 50 MW el 1 modtrykspro-
duktion. Beslutningen geelder forelobig
forste etape af varmevaerket, pd 100
MW nyttiggjort varme, men tidspunktet
for eludbygning er endnu ikke bestemt.
Det er for iden en betydelig overskuds-
kapacitet 1 det 'siandske elsystem som

kommer tl at vokse yderligere 1991 nar
Blanda tages | dnft, medmindre der 1
mellemtiden er kommettil ny belastning
for kraftkreevende industri. Det er Reyk-
javik Flernvarmeveerk som star som
bygherre for Nesjavellir. Varmevaerket
er beregnet bl at daekke stigende var-
mebehov | hovedstadsomradet samt til
at aflaste nuveerende produktionsomra-
der, som for tiden er overpumpede.

Elpriser

Landsvirkjuns engros tarif forhoje-
des den 1.jan. 1986 med 14 9%. Den 1.
marts 1986 saenktes den med 10% of-
ter Onske fra regeringen som et led i for-
anstaltninger fraregeringens side til atfa
LO og Arbejdsgiverforeningen til at ind-
ga en generallonoverenskomst som (k-
ke skulle vaere inflationsfremmende og
moduvirke regeringens okonomiske po-
litik. Den 1. jan. 1987 forhojedes prisen
med 7.5 % efter at Landsvirkjun efter re-
geringens onske havde opgivet en
planiagt prisforhojelse pa 10%. | reelle
vaerdier  (inflationskorrigeret)  betyder
dette at engrosprisen d. 1. jan 1987 var
17,79 lavere end d. 1. jan. 1986, og
32,5% lavere end den 1. maj 1984.

Pa grund af lave prisnoteringer pa
aluminum 1 hele 1986 var Landsvirk-
juns krafipris Ul Det islandske alumi-
numselskab nede pa 12,5 mUSD/kWh |
alle kvartal. Dette modsvarede 0,085
SEK/KWh ifolge kursen d. 31. dec. 1986.

Som et led ( regeningens foranstalt-
ninger 1 forbindelse med lonoverens-
komsterne | februar blev den sakaldte

prisudligningsalgift pa 21 (16 %) afskaf-
fet lgennem mange ar har denne afgift
veeret palagt salg af elektricitet til endeli-
ge forbrugere 1 1sland, med undtagelse
af kraftkreevende industri og elekirisk
opvarmning. Formalet har veaeret at for-
mindske forskellen i detaljprisen pa el
mellem forbrugere 1 udkantomrader og
tyndt befolkede landomrader pa den
ene side, og forbrugere 1| Reykjavik og
andre starre teetsteder pa den anden si-

de. Denne afgift har leenge veeret et tor-
ne 1 gjnene pa mange Islandske el-
vaerksfolk, navnlig fra de storre byer,
som har mentat den var en uheldig ma-
de at jeevne ud elprisen pa, og de har
derfor lzenge kaempet for dens afskaffel-
se. Fra modtagerelveerkernes side ind-
tog man det standpunkt at prisudjaeyv-
ningen var en poltisk og kke en el-
veerksteknisk sag, og at detderfor var op
il polittkerne at bestemme hvordan de
nodvendige midler skulle fremskaffes.
For at elprisen pa landet ikke skulle
fornojes som folge af afgiftens afskaffel-
se har Altinget nu vedtaget at statskas-
sen overtager en del af geeldsbyrdet fra
Statens  elvaerker og  Vestfjordenes
Energiselskab, de to selskaber som hid-
til har modtaget det meste af midlerne
fremskaffet af prisudhgningsafgiften.



Energipolitikk

tortinget behandlet 1+ 1986 en

rekke saker av stor betydning for

energipolitikken i Norge 1 arene
fremover. Med fa endringer ga Storting-
et sin tislutning til Stortingsmelding nr.
63 (1984-85) "Om Samilet plan for
vassdrag” og Stortingspronosisjon 1r.
89 (1984-85) "Verneplan il for vass-
drag”. Gjennom Samilet plan for vass-
drag har man fatt en samletlandsomfat-
tende giennomgang og kartlegging av
landets gjenvaerende vannkraftpoten-
siale og konsekvenser av vassdragsul-
bygging for andre brukerinteresser. |
Samlet plan er vurdert 540 prosjektal-
ternativer 1 310 vannkraftprosjekter som
tilsvarer en kraftmengde péa | underkant
av 40 TWh midlere arsproduksjon. Pro-
siektene | Samlet plan inndeles | 3 kate-
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goner. Kategon | omfatter prosjekter
med samlet middelproduksjon pa 11
TWh/ar, prosjekter som alle kan be-
handles straks og fortliopende for a bid-
ra bl energidekningen | arene fremover.
Prosjekier som etter naermere vurdering
kan nyttes til kraftutbygging eller andre
formal er plassert 1 Kategori Il og omfat-
ter ca. 7 TWh midiere kraftproduksjon. |
den tredje kategorien er prosjekter som
nittil 1kke anses aktuelle for kraftutbyg-
ging pa grunn av meget stor konflikt-
grad med andre brukerintresser og/el-
ler hoye utbyggingskostnader. Samilet
plan forutsettes viderefort med tanke pa
revurdering av prosjekienes plassering
i de ulike kategorier og INnpassing av
nye prosjekter som hittil ikke har veert
vurdert. Den forste viderefering av Sam-
let plan ventes fremlagt for Stortinget |
1987.

| Verneplan Il ble | motsetning til
Samiet plan bare behandlet et utvalg av
vassdrag der verneinteressene er seer-
lig store. Med de vassdrag som tidligere
ervernet | Verneplan | og Il er n& tilsam-
men 21 TWh undergitt varig vern. Detto-
tale vannkraftpotensial iNorge er ansiatt
till 170 TWh midlere arsproduksjon. Pr.
1.1.1987 er av dette 103 TWh utbygd, 4,4
TWh under utbygging, 12,2 TWh konse-
sjon skt for og 6,6 TWh forhandsmeldt.
Nar varig vernede vassdrag fratrekkes,
blir det resterende potensiale 23 TWh. |
henhold til Stortingets vedtak forbindel-
se med Verneplan Ill, skal det utarbei-
des en Vernepian IV for vassdrag.

| Energimeldingen (Stortingsmeil-
ding nr. 71, 1984-85) la Regjeringen
frem en oversikt over Norges energisi-
tuasjon og trekker opp hovedretnings-
linjer for energipolitikken frem mot ar



2000. Meldingen tar spesielt for seg ut-
viklingen i innenlands ettersparsel frem
til 1995, med seerlig vekt pa kraftetter-
sperselen og tiltak for & dekke denne.
Energiprisene vurderes som det viktigs-
te virkemiddel for & fremme en effektiv
og rasjonell bruk av energiressursene
idet det er forutsatt forholdsvis hey pris-
elastisitet. Energiprisene ber avspeile
samfunnets kostnader ved & fremskaffe
mer energi. For petroleumsprodukter

Bruk av naturgas fran den norska kontinen-
talsockeln for kraftproduktion utreds.

The use of gas from the Norwegian Conti-
nental Shelf for energy generation is being
considered a future energy source.

og andre energivarer som har et inter-
nasjonalt marked, holder Regjeringen
fast ved en prispolitikk som innebaerer
at verdensmarkedets priser danner ut-
gangspunktet for innenlandsprisene.
Nar det gjelder fastkraft til alminnelig for-
syning, mener Regjeringen at samfun-
nets kostnader ved & fremskaffe ny fast-
kraft bar veere retningsgivende ogsa for
prissettingen. Siden utbyggingen av
fastkraftkapasiteten er svaert kapitalkre-
vende, blir kostnaden for nedlagt kapi-
tal, d.v.s. kalkulasjonsrenten, vesentlig
for den samlede kostnad for ny kraft.
Mens detide senere ar har veertvanlig a
legge til grunn en kalkulasjonsrente pa
5% ved prissammeniligninger, forutsat-
te Regjeringen at kratt til aiminnelig for-
syning i 1995 skulle prises i samsvar
med kostnaden for ny kraft beregnet
med 6% kalkulasjonsrente. Etterspar-

selsprognosene i meldingen var basert
pa et slikt prisforigp. Stortinget ga ikke
sin tilslutning til en slik gradvis opptrap-
ping av prisberegningsgrunnlaget, og
ba om at saken blir videre utredet i den
"mini” energimelding som forutsettes
fremlagt varen 1987. Som basisalterna-
tiv for den videre planlegging hadde re-
gjeringen lagt ti! grunn en prognose
som gir et fastkraftforbruk i alminnelig
forsyning pa 70 TWhi 1990, 75,5 TWh i

1995 og 83,0 TWh i 2000. Stortinget ga
uttrykk for at prognosene syntes lave, og
gnsket at prognosen blir revurdert i den
nye meldingen. For krafttiigangen til
kraftintensiv industri hevet Stortinget de
foreslatte rammetali fra Regjeringen, fra
33,2 til 34 TWh i 1990, og fra 35 til 36
TWh i 1995, Med disse hayere tildeling-
er til industrien, Regjeringens progno-
ser for alminnelig forsyning, samt ned-
vendige paslag for usikkerhet i etter-
sperselutviklingen, blir de forelepige
mattall for nedvendig fastkrafttigang
1055 TWhi 1990 og 112,5 TWh i1995.

Fra 1. januar 1987 trer en ny lov om
bygging og drift av fiernvarmeanlegg,
"Fiernvarmeloven”, i kraft. For bygging
og drift av fiernvarmeanlegg over en
viss sterrelse vil det kreves konsesjon.
Ethvert fiernvarmeanlegg kan palegges
& knytte seg til andre fiernvarmeanlegg
safremt anlegget har et varmesystem
som kan tilknyttes, og det kan palegges
tilknytningsplikt for nye bygg innenfor
det omrade som konsesjonen omfatter.

Det sterke prisfallet pa olje i den se-
nere tid har medfert at Norge har innfert
lettelser i produksjonsbeskatningen for
virksomheten i Nordsjgen. Som et lite
bidrag til & redusere utbudet av olje pa
det internasjonale markedet bie statlig
avgiftsolie i november og desember
brukt til oppbygging av beredskaps-
lagrene. Dette reduserte var oljeeksport

med ca. 10% i disse maneder. Fra 1.
februar 1987 og i 6 maneder fremover
tar Norge sikte pa & redusere oljepro-
duksjonen med 7,5% ut fra de opprin-
nelige produksjonsplaner. Totalproduk-
sjonen i 1987 vil ventelig likevel bli
hoyere enn i 1986.

Elektrisitetsforbruk

Bruttoforbruket i alminnelig forsy-
ning og kraftintensiv industri ble tilsam-
men 96,2 TWh i 1986. Dette er en ned-
gang pa 1,4 TWh fra aret fer. Som gjen-
nomsnitt for de siste 10 ar har dette for-
bruket oket med 2,8% pr. ar.

Referer kraftstasjon gkte fastkraftfor-
bruket i alminnelig forsyning med 1,4 %
til 66,7 TWh. Innenfor fyringssesongen
varimidlertid 1986 et noe kaldere arenn
normalt, og korrigert til normale tempe-
raturforhold er forbruket beregnet til
65,6 TWh - 3% okning fra tilsvarende
forbruk aret for.

Veksten i forbruketialminnelig forsy-
ning har siden slutten av 1970-arene
veert langt sterkere enn forutsatt i de to
sist fremlagte energimeldinger fra Re-
gjeringen (i 1980 og 1985). Det tempe-
raturkorrigerte forbruket i 1985 (65,5
TWh) er til sammenligning henholdsvis
4.4 0og 1,9 TWh hgyere enn antatt i disse
meldingene. Pa grunn av de hgye olje-
prisene hadde viiarene 1980 og frem til
1984 en sterk overgang fra lettolje til
elektrisitet for romoppvarming, og i den-
ne perioden tilsvarte gkningen i elfor-
bruket stort sett reduksjonen i lettoljefor-
bruket. | 1985 stoppet denne overgang-
en opp, bade pa grunn av att den lettest
gjennomfgrbare overgangen da anta-
gelig allerede var realiser, og at prisga-
pet mellom lettolje og el na var mindre.
Prisfallet pa olje fortsatte gjennom 1986,
ogiannethalvar var det de fleste steder i
landet kiart billigere a fyre med lettolje
fremfor el der utstyr for slikt allerede fin-
nes.

At elforbruket likevel har fortsatt &
gke med neer samme vekstrate gjen-
nom 1985 og 1986 antas i farste rekke &
skyldes den generelle gkonomiske si-
tuasjonen i disse arene. Det har veerten
sterk veksti de tienesteytende neaeringer,
og privat disponibel inntekt og det priva-
te konsumet har hatt en uvanlig sterk
stigning.

Omregnet tit ekvivalent mengde
elektrisitet levert forbruker ser salget av
lett fyringsolje i 1986 ut til & veere 11,3
TWh, ca. 6% ekning fra 1985.

Kraftintensiv industri har i 1986 brukt
29,3 TWh referert kraftstasjon, 1,7 TWh
mindre enn aret for. Giennom egenpro-
duksjon og faste kontrakter var indu-
strien i 1986 sikret et fastkraftkvantum
pa i underkant av 30 TWh.

Reduksjonen i forbruket har veert
sterkest — over 20 % - for produktgrup-
pen kjemiske ravarer. Ferrolegeringsin-
dustrien giennomlevde et av sine svak-
este ar, med innslag av permitteringer
og bedriftsnedleggelser, og reduserte
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sitt fororuk med over 8%. For alumi-
nium og andre metaller var markedet
bedre og for denne industrien var deten
mindre forbruksvekst. Aluminiumsindu-
strien alene star for ca. halvparten av det
samlede kraftforbruket innen krattinten-
siv industri.

Kjelkraft, d.v.s. kraft til elektrokjeler i
parallell med oliefyrte kjeler, represente-
rer et marked som baserer seg pa bruk
av sakalt tifeldigkraft. Dette markedet
har gket betydelig de senere ar. Spesielt
har det vaert mange nyinstallasjoner av
elektrokjeler der fyringsalternativet er
lettolje og der lennsomheten falgelig er
starst. Men av et totalt innenlandsk kjel-
marked péa ca. 6 TWh pa arsbasis, har
fortsatt ca. 60% av markedet tungolje
som alternativt brensel. Denne del av
markedet finnes for en stor delinnentre-
foredlingsindustrien, og har et geogra-
fisk tyngdepunkt i @stlandsomradet.

Omsetningen av tilfeldigkraft til elekt-
rokjeler var i 1986 2,2 TWh - en halve-
ring i fornold til 1985. Grunnen til det for-
holdsvis lave forbruket var de gjennom-
gaende hoye tilfeldigkraftprisene kom-
binert med lave oljepriser, noe som stort
seft gjorde det lennsomt for eiere av
tungoljekjeler & fyre med olje i stedet for
tilfeldigkraft.

Den maksimale systembelastning
som refererer seg til det innenlandske
forbruket, inntraff 20. februar og er an-
slatttil 16.658 MW.1 1985 var maksimal-
belastningen 17.545 MW.

Elektrisitet dekket i 1986 45,6 % av
energiinnholdet i energibaerere levert il
forbrukerne (netto sluttforbruk). Petro-
leumsprodukter dekket 419% og faste
brensler 13,3%. Fjernvarme er lite ut-
bredt i Norge, og fiernvarmeleveranse-
ne dekket bare ca. 0,1 % av netto slutt-
forbruk.

Elektrisitetsproduksjon

Vannkraftproduksjonen ble i 1986
vel 96,7 TWh. Med tillegg av i overkant
av 0,4 TWh varmekraft ble totalproduk
sjonen 97,2 TWh. Dette er 6 TWh lavere
produksjon enn aret far.

Det nyttbare tilsiget til kraftproduk-
sjonssystemet i arets 9 ferste méaneder
var 8% eller 7,4 TWh lavere enn nor-
malt. Store nedbgrmengder i 4. kvartal
kompenserte imidlertid for svikten tidli-
gere i aret, slik at samlet tilsig i 1986 ble
nger normalt.

| 1986 var produksjonsevnen for
fastkraft i det norske kraftsystem ca. 97
TWh, medregnet antatte importmulig-
heter. Nye installasjoner i lopet av aret
gkte produksjonsevnen med ca. 2 TWh.
Midlere arlig produksjonsevne for sys-
temet er beregnet til 103 TWh.

Kraftutvekslingen med nabolande-
ne resulterte i en rekordhgy netto import,
2 TWh. Mot Sverige eksporterte vi 1,6
TWh og importerte 4 TWh, og mot Dan-
mark eksporterte vi 600 GWh og impor-
terte 150 GWh. | tillegg kommer en
mindre import pa 65 GWh fra Sovjet.
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Tilveksten 1 maskinkapasiteten
(maksimal stasjonsytelse | stasjoner
med ytelse 1 MW eller mer) var i 1986
890 MW - i det alt overveiende nye in-
stallasjoner i Ulla-Ferre utbyggingen
som na pa det neermeste er sluttfert. To-
tal maskinkapasitet ved arsskiftet 1986/
87 er 24693 MW, hvorav 311 MW er
varmekraft. Statkraft eier over 30% av
maskinkapasiteten. Vel 50% eies av
kommuner og fylkeskommuner, og
resten eies av private og industrisel-
skaper.

Magasinkapasiteten har bare oket
med 0,2 TWh til 73,8 TWh i lgpet av ka-
lenderaret 1986. Ved arets utgang var
magasinbeholdningen 56 TWh, sva-
rende til en fyllingsgrad pa 76 prosent.
Dette er noe i overkant av det normale
for arstiden. Til sammenligning var ma-
gasinbeholdningen under 50 TWh ved
arets begynnelse.

Elektrisitetspriser

Statskraftprisen for levering til aimin-
nelig forsyning ekte fra 15,45 gre/KWh il
16,53 gre/kWh 1. mai 1986. Stortinget
har fattet vedtak om vytterligere ekning
med 10% til 18,20 are/KWh fra 1. mai
1987. Prisen er beregnet giennomsnitt
ved 6000 timers brukstid og referert
sentralt sted, nedtransformert.

Gjennomsnittsprisen for elektrisitet
levert tit husholdninger og jordbruk var
36 gre/KWh, alle avgifter inkludert. Pris-
variasionene mellom de ulike forsy-
ningsomradene kan imidlertid veere be-
tydlige. Forholdet mellom hayeste og la-
veste elpris eromtrent 3:1. Tienesteyten-
de virksomhet betaler giennomgéende
en noe heyere pris enn husholdninge-
ne for sin kraft. Den forbruksavhengige
kostnaden i en H-4 tariff, som er den
vanligste, var i landsgjennomsnitt 325
are/KWh inkl. avgifter, mens ekvivalent
energikostnad ved lettoljefyring var ca.
40 gre/KWh ved arets begynnelse for sa
4 synke kraftig, slik at prisen i 2. halvar
var ca. 25 gre/kWh.

Den generelle elekrisitetsavgift som
belastes forbruker innenfor alminnelig
forsyning var i1. halvar1986 3,1 are/kKWh
og i 2. halvar 3,2 gre/kWh. For 1987 er
elavgiften fastsatt til 3,4 are/kWh. For
kraftintensiv industri var elavgiften i1986
31 gre/KWh og den ble ikke endret ved
arsskiftet 1986/87.

Langtidsgrensekostnad for alminne-
lig forsyning referert forbrukers vegg er
beregnet til ca. 30,5 ere/kWh inkl. mer-
verdiavgift. Det er da benyttet 5 % kalku-
lasjonsrente og pengeverdi pr.1.1.1986.

Stamnettet

Viktigste sterre overfaringsaniegg
som ble idriftsatt i 1986 var 300 kV linjen
Rana - Trandelag. Arbeidet med a utre-
de detfremtidige overferingsbehovetfra
omradene Hardager/Indre Sogn mot
Jistlandet er avsluttet, og aktuelle nett-
forsterkningstiltak er under videre bear-

beiding. Overfaringen vil bl.a. bli styrket
med en ny 420 kV ledning pa den gstre
del av strekningen.

Vurderingen av nettforsterkningsbe-
hovet i det sentrale @stland med Oslo er
ogsa avsluttet, og de konkrete nettfor-
sterkningstiltakene bearbeides videre.
| forste omgang er det nedvendig & ins-
tallere utstyr for styring av lastflyten. Om
noen f& ar ma enkelte eksisterende
overferingsanlegg nord for Oslo forster-
kes. P4 litt lengre sikt er det nadvendig
med nye sterre overferingsanlegg her.
Videre er det planer under utarbeidelse
for en 420 kV-forsterkning av overte-
ringsevnen mellom Ulla-Farre  (Ser-
Vestlandet) og Oslo-omradet, med
idriftsettelse i 1989.

Den nye 220 kV mellomriks kraftfor-
bindelsen mellom Porttipahta i Finland
og Varangerbotn i Norge for gjensidig
kraftutveksling er under bygging, og
fremdriften gar etter planen. Forbindel-
sen er beregnet ferdig i 1988.

Stgrst forbrukstap (ca. 900 MWh)
ved en enkelt driftsforstyrrelse i 1986 ble
forarsaket da en 300 kV samleskinne-
kortslutning oppsto etter at en Hf-sperre
havarerte og viklet seg ut. Kortslutning-
en medferte ogsa flere uenskede 300
KV utlesninger og resultatet ble stans i
50 min. til ca. 5 timmer for omrader vest
for Oslo. Foravrig kan det nevnes at det i
arets lgp har veert flere tilfeller av drifts-
forstyrrelser forarsaket av feil i SF-an-
legg. Blant annet har det i ett og samme
300 kV SF.-anlegg veert samieskinne-
kortslutninger pa mindre enn 3 mane-
der. Generelt avslgres det ved relativt
mange driftsforstyrrelser en foruroligen-
de stor mengde feilfunksjoner i vern og
utstyr.

Annet

| november ble Norges ferste vind-
kraftverk i moderne tid satt i drift. Anleg-
geter lite - 55 KW, og er plassert pa eya
Freya utenfor Trandelagskysten. Det er
et preveprosjekt, og malsettingen er a
utvikle et prototypeanlegg for kombina-
sjon av vindkraftverk og et dieselaggre-
gati samdrift. Slike anlegg vil bl.a. kunne
veere egnet til elforsyning av sméa oy-
samfunn.

Bruk av gass fra norsk kontinental-
sokkel til kraftproduksjon fremtrer et-
terhvert som et hoyst realistisk supple-
ment og senere alternativ til forsatt
vannkraftutbygging. Statkraft og den
norske stats olieselskap, Statoil, inngikk
pa sensommeren en rammeavtale om
levering av 1 mrd. Sm® naturgass arlig til
gasskraftproduksjon fra 1991 og utover.
Dette tilsvarer en arlig produksjonsevne
pa ca. 5 TWh i et sakalt kombinert an-
legg. Ogsa Norsk Hydro har lansert pla-
ner om bygging av et noe mindre gas-
kraftverk. Det ble i Igpet av aret innlevert
forhandsmelding for to gasskraftverk —
fra Norsk Hydro for et pa 420 MW og 3
TWh/ar, og fra Statkraft for et pa 700 MW
og 5 TWh/ar.



Energipolitik

ikthnjerna for den svenska energi-
R politiken har faststallts av riksda-

gen varen 1985, Ett kortfattat rete-
rat av dessa och avregeringens strategi
for karnkraftavvecklingen lamnades |
foregaende arsberattelse.

Strategin for karnkraftavvecklingen
kan komma att paverkas av den reak-
torolycka som intraffade i Tjernobyl den
20 april 1986. Regeringen uppdrog den
7 ma| at radet for langsiktiga elanvand-
nings- och elproduktionsiragor, energi-
radet, attmot bakgrund av denna olycka
pa nytt prova de grundlaggande fragjor-
na om karnkraftens sakerhet mm. Ra-
det skulle skyndsamt klarlagga ovyc-

kans orsaker och kartlagga dess eftek-
ter. Vidare skulle man utvardera hur
olyckan paverkar bedomningen av sa-
kerheten vid de svenska karnkraftver-
ken samt lamna forslag som okar sa-
kerheten 1 Sverige wid utiandska karn-
kraftolyckor. Radet fick vidare uppdrag
aft sarskilt utreda de miljomassiga och
ekonomiska konsekvenserna av en for-
tida nedlaggning av Barsebacksverket.

Regeringen tillkallade samtidigt en
expertgrpp 1or att & fram underlag 1or
energiradets staliningstaganden. Den
26 juni tillsattes et vetenskapligt rad
med uppgift att granska expertgrup-
pens sjutsatser.

Energiradet overlamnade | novem-
ber sitt betankande om Tjernobylolyc-

Barsebick karnkraftverk, ca 1200 MW.

The Barseback nuciear power plant, about
1200 MW.

kans konsekvenser till regeringen. Be-
tankandet bygger pa den av expert-
gruppen for karnsakerhet och miljo
frarmtagna rapporten "Efter Tlernobyl”. |
expertgruppens utredningar har med-
verkat myndigheter som statens energi-
verk,  karnkraftsinspeklionen,  stral-
skyddsinstitutet och raturvardsverket
samt eiproducenter och naringsorgani-
sationer.
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Expertgruppens bedomning av den
tekniska riskbilden ar attdeninte ger an-
ledning att omprova anvandningen av
karnkraft i Sverige.

Efter remissbehandling skall rege-
ring och riksdag under varen 1987 ta
stallning till om och i vilken omfattning
erfarenheterna efter Tjernobylolyckan
paverkar den fastiagda strategin for
karnkraftavvecklingen.

Som en folid av Tjernobylolyckan
har beslut fattats om tre slags atgarder.
Olycksberedskapen skall hojas och de

som drabbats av radioaktivt nedfall skall
fa ekonomisk ersattning. Sverige har
undertecknat tvad av IAEA utarbetade

konventioner angdende samarbete
med andra lander vad galler hjalp och
tidig information vid bl.a. radioaktiva ut-
slapp. Bilaterala avtal rérande informa-
tionsutbyte har hittills traffats med Dan-
mark, Norge och Polen.

Regeringen beslutade 1 februari att
alla svenska karnkraftverk maste vidta
atgarder for att begransa utslappen av
radioaktiva &mnen vid svara hardhave-
rier. Tidigare har defta endast gailt Bar-
seback. Atgarderna avser tryckreduce-
rande anordningar och filtreringsan-
laggningar.

Efter tillstyrkande av karnkraftinspek-
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tionen, statens energiverk och stral-
skyddsinstitutet bifoll regeringen i mars
Vattenfalls ansokan att fa byta anggene-
ratorer i Ringhals 2. Genom andring av
Vattenfalls instruktion skall vidare ver-
kets ansvar for karnkraftavvecklingen
markeras.

Riksdagen antog under hosten en
lag med forbud mot att uppfora karn-
kraftreaktorer. Aven forberedelser som
syftar till uppforande av nya reaktorer
inom landet blir straffoart. Bestammel-
serna skall ] forhindra tekniskt utveck-

lingsarbete tex. for att forbattra sakerhe-
ten i svenska reaktorer eller Sveriges
deltagande i internationellt karnteknik-
samarbete.

Utredningen om el och inhemska
branslen (ELIN) avgav i januari betan-
kandet "Vagar till effektivare energian-
vandning” (SOU 1986:16).

| samband med beslutet om Ring-
hals 2 uppdrog regeringen at statens
energiverk att i samrad med den tiliver-
kande industrin och kraftfdretagen gora
en utredning om energihushalining och
rationell elanvandning samt at utred-
ningen om el och inhemska branslen
(ELIN) att utreda orsakerna till den se-
naste tidens starka 6kning av elforbruk-
ningen.

Statens energiverk har under varen
fatt regeringens uppdrag att folja ge-
nomforandet av riksdagens tidigare be-
slut om utbyggnad av vattenkraften till
66 TWh per ar. En lagesredovisning
lamnades i december 1986.

Detefter 1979 ars energikris besluta-
de oljeersattningsprogrammet ersattes
under 1986 av ett program fOr utveck-
ling och introduktion av ny energiteknik.
Stodet vidgades darmed fran att vara ett
renodlat oljeerséttningsstod ill att framja
utveckling och introduktion av ny teknik

som bidrar till ett effektivare och mer mil-
jovanligt energisystem.

Infor karnkraftsavvecklingen ar det
viktigt att mojligheternatili elproduktion i
mottrycksanlaggningar utnyttias. Sta-
tens energiverk har pa regeringens
uppdrag utrett mojligheterna att anvan-
da industriellt mottryck och kraftvarme.
En sarskild rapport om smaskalig kraft-
varme har ocksa presenterats.

Efter invigningen av Sydgasprojektet
sommaren 1985 har utbyggnaden av
naturgasnatet fortsatt. Forlangningen av
stamledningen fran Helsingborg till Go-
teborg (Sydgas 2/Vastgas 1-projektet)
pagéar och har vid arets slut hunnit till |
hojd med Falkenberg. Ansvarig for im-
port av naturgas och agare till stamled-



ningen &r Swedegas AB. Swedegas AB
ar eft dotterforetag till Vattenfall. Under
1986 intradde Shell, Statoil och DONG
som delagare med tillsammans 40%
av aktierna.

Ett bolag for utvecklingsverksamhet
inom vindkraftomradet har bildats med
vattenfall (50 %), Sydkraft (25%) och
dvriga foretag inom Kraftverksforening-
en (25%) som delagare. Bolaget skall
bygga en medelstor anlaggning samt
utféra en konceptstudie for ett verk i 2-3
MW-klassen.

Mirkning vid Sadva vattenkraftverk i Skel-
lefte alv.

Marking at the Sédva hydro power station at
the River Skellefte.

Jarkvissle vattenkraftverk, 85 MW.

Jarkvissle hydro power station, 85 MW.

Energiforskningsutredningen avgav
i april betankandet "Forslag till program
for forskning och utveckling inom ener-
giomradet” (SOU 1986:31). Det nuva-
rande programmet utloper under bud-
getaret 1986/87 och avsikten ar att ett
nytt energiforskningsprogram skall kun-
na presenteras varen 1987.

Flera forskningsprojekt pagar betraf-
fande eventuella halsorisker i samband
med elektriska och magnetiska falt vid
kraftledningar. Statens energiverk som
har uppdrag att folja utvecklingen kons-
taterar i en forsta redovisning att hittills
framkomna resultat ej ger anledning till
skarpta bestammelser.

1985 ars energiberedskapsutred-
ning har framlagt forslag om forsorj-

ningsberedskapen inom bréansle- och
drivmedelsomradet under perioden
1987/88-1991/92 (SOU 1986:42). Re-
geringsforslag vantas komma varen
1987.

Riksdagen beslutade i juni om hoj-
ning av energiskatten pa vissa branslen
fro.m. 1 januari 1987. Skatten pa olja
hojs fran 411 kr il 610 kr/m3, kolskatten
fran 140 kr till 305 kr/ton och skatten pa
industrigasol fran 125 kr till 185 kr/ton.
Skatten pa naturgas blir aven fortsatt-
ningsvis 308 kr/1 000 m3. Som skal for

skattehdjningarna har regeringen anfort
dels att Ionsamheten hos investeringar i
syfte att minska oljeberoendet bor bibe-
hallas vid ett sjunkande oliepris, dels att
det laga olieprisets positiva effekt pa by-
tesbalansen urholkas om den privata
konsumtionen pkar for kraftigt. Skatte-
héjningarna foreslogs sla igenom aven
for den del av industrin som ar beratti-
gad till nedsatining av energiskatt.

| anslutning till hojningen av kolskat-
ten beslutade riksdagen dock att dis-
pensmdjlighet skall foreligga for kolel-
dade varmekraftverk samt att byggma-
terialindustri som anvander mycket kol
skall kunna fa befrielse aven fran den
nya skatten.

Riksdagen antog hdsten 1986 en
naturresurslag (NRL) som skall styra
hushaliningen med mark och vatten.
Lagen ersatter 1972 ars riktlinjer for den
fysiska riksplaneringen och dentidigare
byggnadslagens regler om regerings-
provning av vissa industrier och ener-
gianlaggningar. Nar det géller fossilel-
dade anlaggningar har kravet pa rege-
ringstillstand sankts fran 500 MW till 200
MW. Vidare har listan dver skyddade

alvstrackor och vattenomraden komp-
letterats bl.a. med Ranealven.

Den 1 januari 1987 inrattas ett miljo-
och energidepartement.

Elanvindningen

Den totala elférbrukningen i Sverige,
inklusive overforingsforluster, uppgick
under 1986 till 129,0 TWh. Jamfért med
1985 ar defta en minskning med 2,1
TWh eller 1,6 %. Mellan 1984 och 1985
steg forbrukningen med 9,3 % och mel-
lan 1983 och 1984 med 8,4 %.

Av den totala elforbrukningen utgjor-
des 2,3 TWh (5,3) av leveranser till av-
kopplingsbara elpannor (inkl. berakna-
de overforingsforluster). Den prima el-
forbrukningen inom landet var saledes
126,7 TWh, vilket ar 0,4 TWh eller 0,4 %
hogre an 1985. Mellan 1984 och 1985
steg férbrukningen exklusive elpannor
med 11,0%. Nedgangen av forbruk-
ningstillvaxten beror pa gynnsammare
temperaturfornallanden, stagnerad in-
dustriproduktion och sénkta branslepri-
ser.

Efter omrakning till normaltempera-
tur och normalkonjunktur erhalles fol-
jande varden pa utvecklingen av den
prima elférbrukningen.

1083-84 + 7,0 TWh{6,6 %)
1984-85 + 6,5 TWh(5,7 %)
1985-86 + 3,5 TWh(2,9 %)

Industrins elanvandning uppgick
1086 till 47,7 TWh, vilket ar 0,1 TWh eller
0,1% mindre &n 1985. Under andra
halvaret har forbrukningsutvecklingen
varit nedatgaende. Okningstakten 1984
tilt 1985 var 3,4 %.

Av totala industrifdrbrukningen ut-
gjordes 0,6 TWh av leveranser till av-
kopplingsbara elpannor. Exkluderas
dessa ar arsokningen 1,1 %.

De branscher som procentuellt okat
sin elanvandning jamfort med 1985 ar
verkstadsindustrin exkl. skeppsvarven
(4 %) samt den kemiska industrin (39%).
For jarn-, stal- och metaliverk noterasen
minskning med 7 % eller 0,6 TWh. Aven
textil- och jord- och stenvaruindustrin
fdrbrukade mindre. Ovriga branscher
hade ungeféar oforandrad elférbrukning.

Jarn- och sparvagarnas elforbruk-
ning var i stort sett oforandrad jamfort
med 1985, d.v.s. 2,6 TWh,

Elforbrukningen inom sektorn bo-
stader, service, varmeverk m.m. upp-
gick till 68 TWh varav 1,7 TWh var av-
kopplingsbar  elpannekraft. Jamfort
med 1985 har totala elforbrukningen
inom sektorn minskat med 1,5 TWh el-
ler 2,2 %. Elpanneleveranserna minska-
de med 2,0 TWh.

Forbrukningens hogsta  timvarde
under aret blev 23 864 MWh och intraf-
fade den 17 januari mellan ki 8 och 9.
Vardet &r nagot lagre an 19856 ars effekt-
topp. Den med hansyn till elbelastning-
ens geografiska fordeining vagda me-
deltemperaturen ki 7 denna dag var
-175°C, vilket ar drygt 12 grader under
normalvardet.
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Eltillforsel

Elproduktionen inom landet, med
avdrag for kraftverkens egenforbruk-
ning, uppgick under 1986 till totalt 133,6
TWh, vilket ar 1,0 TWh (0,7 %) mer an
1985. Vattenkraftproduktionen var 59,8
TWh, en minskning med 10,3 TWh
(15 %) jamfort med flolarets rekordniva.
Normalproduktionen ar 62,1 TWh.

Magasinsfyllnadsgraden for samtli-
ga regleringsmagasin var ca 74 % vid
&rets borjan, och ca 71 % vid arets slut,
vilket motsvarar en lagrad energi-
mangd av 24 TWh. Hogsta magasins-
fylinaden uppnaddes i borjan av no-
vember och var da ca 81 %, vilket ligger
strax over medianvardet. Arstillrinning-
en Oversteg medelvardet for perioden
1950-1980 med 4 %. Varflodsvolymen
var storre an normait, medan tillrinning-
en under sommaren var liten.

Karnkraftverkens produktion under
1986 var 67,0 TWh,en okningmed 11,1
TWh (20 %) jamfort med 1985. Karn-
kraften svarade darmed {or 50,1 % av
landets totala elproduktion.

Ur driftsynpunkt var 1986 ett mycket
bra ar for svensk karnkraft, nastan lika
bra som 1985 som ar det hittills basta
aret. Sa gott som alla uppstéllda mal for
produktionsekonomi och sakerhet har
overtraffats. Mycket fa stora patvingade
stopp har stort driften. Energitiliganglig-
heten var i medeltal 84 %, vilket kan
jamforas med varldsgenomsnittet som
var 70% for lattvattenreaktorer. Det
hogsta vardet for de svenska reaktorer-
na noterade Fosmark 1 och 2, bada
med 93 %. Ringhals 2 stod for det lagsta
vardet med en energitiliganglighet pa
57 %.

Mottrycksproduktionen uppgick il
6,2 TWh, vilket &r 0,4 TWh (8 %) hogre
an under 1985, Produktionen i kon-
densverk, gasturbiner m.m. var 0,7 TWh
iamfort med 0,9 TWh aret fore.

Fossilkraften utgjorde 5,1 % av lan-
dets totala elproduktion. Andelen fossil-
kraft var ungefar lika stor under 1985.

Importen av elenergi uppgick under
1986 till 1,8 TWh (5,1 TWh foregaende
ar). Exporten blev 6,5 TWh, vilket &r 0,2
TWh mindre an aret innan. Kraftutbytet
med grannianderna resulterade sale-
des 1986 i ett kraftigt exportdverskott pa
4.6 TWh, att jamfora med fiolaret da ex-
porten var 1,5 TWh storre an importen.

Den installerade effekten i vatten-
kraftstationer Okade under 1986 med
ca 122 MW. De storsta nytillskotten ut-
gjordes av Laxede i Lule alv (70 MW)
samt Bjarna och Gidea i Gidealven (17
resp. 18 MW).

Under aret har Forsmark erhailit till-
stand till effekthojningar. De tre bloc-
kens effekt har hojts med sammanlagt
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126 MW. Den totala nettoeffekten | de
svenska karnkraftverken uppgick vid
slutetav arettill 9591 MW. Fr.o.m. januari
1987 hojer Barseback effekten med 45
MW. Nagra storre konventionella var-
mekraftverk har inte tillkommit under
1986.

Stamndt och samkornings-
forbindelser

Forsta etappen av arbetet med atter-
satta fem av de sex 220 kV overforings-

ledningarna frdn Norriand till Mellan-
sverige med tva 400 kV ledningar har
paborjats. Det & pé en ledningsstracka
inom Kopparbergs lan som arbetena
igangsatts. Den forsta 400 kV ledningen
planeras klar 1990, den andra 1996.

For att hoja kortslutningssakerhet
och belastningsformaga pa stamnatet
har forstarkningsatgarder genomforts
och &r under arbete pa ett flertal led-
ningar och stationer.

En ny 132 kV samkormingsforbindel-
se mellan Eidskog i Norge och Charlot-
tenberg i Sverige togs i drift i maj 1986.
Kapaciteten ar 100 MW i vardera rikt-
ningen. Ledningen ar framst avsedd for
lokala kraftutbyten.

Elpriserna

Vattenfall har just nu en l6pande
kontraktstid for hdgspanningsabonnen-
ter fran 1984 till 1988 medan Sydkraft
under 1986 haft ett ettarsavtal. FOr Vat-

tenfalls kunder har hogspanningstarif-
ferna under 1986 okat med 4 %. Inom
Sydkraft blev okningen drygt 5 %. Pris-
utvecklingen inom andra foretag har va-
rit likartad. Inflationen uppgick under
1986 till 3,2 %.

Den 1 januari 1986 hojdes lagspan-
ningstarifferna med 4% av Vattenfall
och med 5% av Sydkraft.

Under 1986 har energiskatten pé el
varit ofdrandrad. Industrier med en for-
brukning pa mer an 40 000 KWh/ar be-
talar for narvarande 5 6re/kWh. FOr Ovri-

Sikfors vattenkraftverk, generatorhjul.

Sikfors hydro power station, generator
wheel.

ga elabonnenter ar elskatten 7,2 ore /
KWh utom i vissa delar av norra Sverige
dar den ar 6,2 dre/kWh.

For elenergi, eldningsolja och fasta
branslen som anvands i viss industriell
tillverkning kan regeringen liksom tidi-
gare efter provning frén falltill fall mecige
nedsattning av energiskatten till 1,5%
av de tillverkade produkternas forsal-
ningsvarde. Avkopplingsbara leveran-
ser till elpannor har aven under 1986
varit befriade fran elskatt under perioder
da elenergi inte producerats i oljeelda-
de kraftverk.
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Introduktion P i iia S o> |

energiravara och svarar for ca 20%
av varldens primarenergi. Ar 1984 an-
vandes totalt narmare 1600 miljarder m3
(Gm?), grovt fordelat med en tredjedel
pa vardera USA, Sovjet och resten av
varlden.
Som framgar av figur 1 finns de
storsta naturgastiligangarna i Sibirien,

|nternationellt ar naturgasen en stor =

Mellanostern och Nordamerika. Bety- _ ;\;ﬁmm;]

dande tillgangar finns ockséa i Europa, ) !
Afrika, Sydostasien och Sydamerika. ‘ ( \
Gasen anvands huvudsakligen i pro- VS 4 _\;;{1-

duktionslandet. Exporten utgor 13 % av
totala produktionen.

| Vasteuropa har anvandningen av
naturgas skjutit fart efter de hollandska, RN
brittiska och senare danska och norska
gasfynden i Nordsjon. Naturgasen ut-
gor ca 15% av primarenergin vilket ar

1984 innebar ca 200 Gm3. Forbrukning- Avséttning
en okar relativt langsamt. Gm/ar
Danmark har egna gasfalt i Nord- 3.5 1 ¥

sjon. Produktionen startade 1984. Ga-
sen anvands dels inom landet och dels

for export. ol . _ -
Finland har inga egna tiligangar av s %{fﬁsm” P VASTTYSKLAND
gas men borjade som forsta land i Nor- ELPROD. /|~ S——— =
den att anvanda naturgas redan 1974. 2.5 e EXPOR TUL
Importen sker fran Sovjet. 52 =

Norge har Véasteuropas storsta gas- DUC KONTRAKTERAD PRODUKTION ="

tilgaAngar men &nnu ingen egen an-

vandning inom landet. Produktionen 2.0

startade 1977 och all gas har sedan

dess exporterats till Kontinenten och till

Storbritannien. Norge ar den tredje 1.54/ /7

storsta exportoren i variden av naturgas. s - — —
Sverige saknar egna tillgangar av "/ o -

gas men borrning pagar i ett djupgas- 1.0V - FARRRVARME

projekt. Sverige borjade anvanda natur- #

gas 1985. Gasen importeras fran Dan-

——————— "~ puC EGENFURBAUKNING

INDUSTRI

mark. 0.5 .
1 ' DVRIGT
Naturgastillgangar och 1
leveransvillkor 0 ; - ' !
1986 1990 1995 2000 2005 AR

Naturgas finns dels i egna falt, dels
ocksa tillsammans med oliefyndigheter.
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Figur 1. Varldens naturgastiligangar i rhiliarder m? (Killa: Petroleum Economist, 1984)

Figur 2. Prognoserad uppbyggnad av den danska naturgasmarknaden

Figur 3. Prognoserad utveckling av den norska naturgasférséljningen

Inom Norden har Danmark och Norge
egna naturgastillgangar, i bada fallen
belagna pa Kontinentalsockeln i Nord-
sion.

Redovisning lamnas om produce-
rad volym, om pavisade reserver och
om majliga ytterligare tiligangar. Med
pavisade reserver avses den sakert el-
ler med stor sakerhet pavisade volym
som kan utvinnas kommersiellt och
med kand teknik. Okande gaspriser och
forbattrade utvinningsmetoder kan oka
reserverna. De majliga ytterligare till-
gangarna inkluderar dessutom sadana
tillgdngar som inte &r pavisade med
samma sdkra metoder och dar det ar
mera tveksamt om de kan utvinnas.

Danmark
~ De danska naturgasfyndigheterna
finns pa Kontinentalsockeln ca 200 km

vaster om Esbjerg. Det storsta faltet ar
Tyra. Hittillsvarande naturgasproduk-
tion har fran starten 1984 uppgatt till
drygt 3 Gm3. Den har varit snabbt dkan-
de och uppnar under 1987 nivan 2,5
Gm¥ar.

Enligt danska Energistyrelsen upp-
gar de pavisade reserverna till ca 90
Gm?3, vilket innebar att produktionsvoly-
men 2,5 Gm3/ar skulle kunna uppratt-
hallas i narmare 40 ar. De mojliga ytterli-
gare tiligdngarna bedéms uppga till
storieksordningen det dubbla av de pa-
visade reserverna.

Norge

Gasleveranser frin den norska de-
len av Kontinentalsockeln bdrjade 1977.
Fram il 1980 vaxte produktionen upptill
nivan ca 25 Gms/ar och har sedan for-
olivit relativt konstant. Fran ca 1990 kom-

mer gasleveranserna successivt ait
sjunka ner mot ca 15 Gm3/ar. Minsk-
ningen &r dock kortvarig och redan
1993 dkar leveranserna igen for att kring
sekelskiftet ater komma upp till ca 25
Gm¥ar. Okningen sammanhanger
med nyligen tréffade avial om leveran-
ser till Kontinenten av naturgas fran
Troll- och Sleipnerfalten.

Avtalen innebar forsaijning till kdpa-
re pa Kontinenten av ca en tredjedel av
Trolifaltets totalt 1200-1300 Gm? och ca
200 Gm? fran Sleipnerfaltet. Produktio-
nen planeras vaxa till 19,3 Gm?%¥ar vid
sekelskiftet. Investeringen for de beslu-
tade utbyggnaderna inkl. transportsys-
tem uppgar till ca 60 miljarder NOK i
1986 ars prisniva. Projektet innebér sa-
ledes en exceptionell ekonomisk insats
liksom det ocksa innebar utomordentli-
ga tekniska utmaningar. Optioner om
utvidgningar av leveranserna intill 35
Gm?%¥/ar har givits.

De pavisade norska naturgasreserv-
er som med dagens teknik &r ekono-
miskt utvinningsbara &r sa stora att de
med nuvarande produktion pa ca 25
Gm%4ar skulle kunna uppratthallas |
15 ar.

Enligt Oljedirektoratet i Norge sa
uppgar de pavisade reserverna tiil f6I-
jande ungeférliga belopp:

For gasfyndigheterna pa Haltenban-
ken pagar vardering av olika utbygg-
nadsalternativ. Pa grund av faltens be-
grénsade storlek, stora havsdjup och
stort avstand till traditionella gasmark-
nader fordras samordnade och kost-
nadsreducerande atgarder for att
astadkomma optimalt resursutnyttjan-
de. Dagens beddmning &r aft gas fran
omradet kan vara tiliganglig omkring
1995. Elkraftproduktion for den nordiska
marknaden &r ett av de alternativ som
utreds.

Berakningar om gasutvinning fran
Tromsefiaket uppvisar tveksam lon-
samhet med dagens priser och tekno-
logi. Sannolikheten fér utbyggnad fore
sekelskiftet bedéms som liten.
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Det svenska djupgasprojektet
Den vedertagna uppfattningen ar att —
olja och gas bildats genom nedbrytning

av olika organismer, vaxter och djur, | o
som levde for flera hundra miljoner ar 7}
sedan. Omvandlingen har skett lang- i

samt under inverkan av tryck och hog Y
temperatur. -

Enligtden s.k. djupgasteorin har me-
tan under inverkan av hogt tryck och
temperatur bildats och frigjorts i jordens
inre for att sedan samlas i jordskorpan
pa platser med gynnsamma forutsatt-
ningar. Detta ar en process som pagatt
alltsedan jordens tillkomst. Ett stod for
teorin ar att stora mangder metan kons-
taterats pa planeter utan biologiskt liv.

Gas ar 1&tt och stravar uppat genom
bergets spricksystern. Ett tatt berglager,
kan fungera som lock och hindra utflo-
det. Porost berg under locket kan bilda
en reservoar for gasen. Om reservoaren
ar tilirackligt stor kan utvinning av gasen
bli ekonomiskt IGnsam.

Mdjligheterna att tillampa djupgas-
teorin i Sverige har studerats av Vatten-
fall sedan 1982. S& smaningom valdes
den sk. Sijansringen, ca 250 km NV
Stockholm, som den mest intressanta
platsen for fortsatta undersdkningar. Dar
kan Europas storsta kdnda meteorit-
nedslag ha skapat en krossad berg-
grund lamplig som tiliracklig reservoar.

En borrigg anskaffades och borr-
ningen startade den 1juli 1986. Paralleilt
pagar omfattande provtagningar och
matningar.

Vid arsskiftet 1986/87 var borrdjupet
ca 5 km utan att nagra kommersiella
fynd patraffats. Man har besiutat att ut-
nyttja borrutrustningens hela kapacitet
och borra ned till ca 7,5 km.

Leveransvillkor fér naturgas .

Utvinning och Gverforing av natur- s U
gas fran kallan fram till konsumenten .
kraver stora investeringar. Affarerna
med gas kannetecknas av att avtalen ar
langsiktiga, ofta med varaktigheten 20-
25 ar. Det &r ocksa fa aktorer pa saljar-
och kdparsidan.

Priset pa naturgas bestams interna-
tionellt enligt principer for marknads-
prissattning i motsats till forhallandena
inom kraftindustrin som oftast tillampar
kostnadsprissattning. En utgangspunkt
ar ett konkurrenskraftigt pris hos anvan-
daren fran vilket man sedan drar kost-
naderna for erforderliga Gverforings-
och lagringsanordningar inom landet.
Detta ger underlag for att berékna vilket
pris mottagariandet kan betala. Det
verkliga priset blir sedan resultatet av
forhandlingar.

Priset pa naturgas kopplas normalt
till prisutvecklingen fér konkurrerande
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Frbrukare

f Slamlf}dhlng

Figur 4. Borrtorn vid Gravberg

Distributionsiedning

Figur 5. Det nordiska naturgassystemet med beslutade och diskuterade utbyggnader.

Figur 6. Principskiss pa rorledningssystem for naturgas.

energislag, i forsta hand olja. Man synes
numera ocksa acceptera att internatio-
nella avtal méaste kunna omférhandlas
vid storre férandringar i konkurrenssi-
tuationen mellan olika energislag. Med
sadana atgarder beddmer gasindustrin
det majligt att langsiktigt bibehalla sin
konkurrenskraft pa energimarknaden.

Viktiga delar av ett gaskontrakt, ut-
Over priset &r total gasvolym, lastfaktor
och avialstidens langd, Kontrakien in-
nehaller ocksa riktlinjer for hur leveran-
sen skall byggas upp vid avtalstidens
borjan och hur den skalltrappas ned vid
avtalstidens siut.

For att minska kostnaden per ener-
gienhet fordras ett relativt jamnt uttag,

vilket man uttrycker som krav pa hog
lastfaktor. Ett mottagarland kan paverka
lastfaktorn genom att under korta be-
lastningstoppar lata trycket i hogtrycks-
systemet sjunka. Vidare kan storre pa-
verkan ske genom att ha viss belastning
bortkopplingsbar, genom att ha belast-
ningsobjekt som bara kopplas in under
laglasttid och genom att ha sdsongsla-
ger.| Danmark anvands urspolade salt-
partier ach i Sverige Overvigs lagring i
bergrum pa stort djup. Gynnsammaste
resultat erhalls om export- och import-
lander gemensamt optimerar last-
utidmningen.

| naturgasavtalen maste séljaren for-
binda sig att halla en specificerad kvali-

tet och specificerade tryckforhallanden
pa gasen.

Transporter av naturgas

Naturgas transporteras vanligen i ror
och gasen kan da under hogt tryck
foras dver stora avstand. Mycket stora
system har varit i drift under méanga ar,
bla. i Nordamerika och i Europa.

Finland har efter de senaste arens
utbyggnader ett val utbyggt stamled-
ningsnat som tacker sédra delarna av
landet. Danmark har pa kort tid byggt
upp ett stamledningsnét som i princip
tacker hela Danmark och som &r for-
bundet med Sverige och Vasttyskland.
Norge har kraftiga sjéledningar till Stor-
britannien, Vésttyskland och det egna
fastlandet. | Sverige ar de forsta delarna
av systemet i drifti sédra Sverige och ut-
byggnad upp till Goéteborg pagar. Ror-
systemens nuvarande omfattning samt
beslutade och diskuterade utbyggna-
der framgar av figur 5.

Den viktigaste icke rorbundnatrans-
portformen for naturgas ariform av LNG
(Liquified Natural Gas).

En majlig transportform for energin
ar att man omvandlar gasen till el och att
overforingen sker med elledningar.

Rortransportsystem

Ett rorsystem for transport av natur-
gas kan ha det utseende som visas i fi-
gur 6.

Stamledningen och grenledningar-
na goérs av korrosionsbehandlade stal-
ror som pa land laggs ner direkt i drane-
rande material och till havs omges med
betong som skydd och férankring. For
framdrivning av gasen byggs kompres-
sorstationer utmed ledningen. De drivs
dock i Norden med ett varierande tryck
med en undre grans pa 20 bar. Tills vi-
dare drivs de dock i Norden med lagre
tryck, 30-35 bar. For att klara reparatio-
ner m.m. indelas ledningarna i sektioner
med avstangningsventiler.

| mottagningsstationerna sker upp-
méatning av den levererade gasvoly-
men. Déar sker ocksa en reduktion av
tryckettillen for fordelningsnétet lamplig
niva, vanligen 4-16 bar. Gasen odorise-
ras ocksa med ett starkt illaluktande am-
ne for att varna for eventuellt lackage i
lagtrycksnatet.

Fran mottagningsstationerna distri-
bueras naturgasen via fordelningsled-
ningar till stora gasanvandare, ex. vis in-
dustrier, som behdver hogre gastryck
an de sma anvandarna, ex. vis bostads-
omraden. Fordelningsledningarna ma-
tar ocksa reducerstationer dar gastryc-
ket sdnkes ytterligare innan gasen ma-
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tas in i distributions- och serviceled-
ningar. Ledningarna i fordelnings- och
distributionsnaten ar vanligen av poly-
eten och har diametern 30-200 mm. En
serviceledning till ett smahus har nor-
malt 25 mm diameter och ofta bara 0,1
bars 6vertryck. Uppmatning av gasleve-
ranserna sker, forutom i mottagnings-
stationen, ocksa hos de enskilda an-
vandarna.

Overforingen i rorledningar ar prak-
tiskt taget forlustiri. Den enda energi
som gar at ar den som behovs for kom-
pressor-, mottagnings- och reglerstatio-
nerna.

Rorledningstransporter av naturgas
medfor liten miljopaverkan. Markbeho-
vet ar vasentligt mindre an for ex. vis el-
ledningar. Eftersom man normalt graver
ner ledningarna sa innebér de gj heller
nagon visuell paverkan, utom i skogs-
terrang dar man maste ldmna en tradfri
gata. | akermark daremot ar intranget
helt forsumbart eftersom marken ovan-
pa ledningen kan anvandas utan in-
skrankningar.

LNG-transporter

LNG-transporter kan vara aktuella
for stora energikvantiteter nar inget an-
nat overfdringsalternativ finns. Termi-
nalkostnaderna i bada andar ar mycket
hoga. Transporten sker i specialfartyg
som ar konstruerade for minst - 161°C
temperatur, vilket ar kondenserings-
punkten for metan som ar huvudbe-
standsdel | naturgas.

Av varldens totala naturgasanvand-
ning 1984 omvandlades 3% till LNG.
For Nordens del &r det frAmsttiligangar-
na utanfér och norr om nordligaste Nor-
ge som kan bli aktuella for transport |
form av LNG.

Transporter efter
omvandling till el

Vid transport av relativt sma energi-
mangder fran falt som inte har anknyt-
ning till nagot redan existerande trans-
portsystem sa kan overforing iform avel
vara ett intressant alternativ.

For stora energikvantiteter och langa
overforingsavstand kan hogspand lik-
strom (HVDC) bli aktueil. Detta galler
ocksa for dverforing in till land nar elpro-
duktionen sker pa en plattform. Annars
torde Gverforing med vaxelstrom véljas.
Aven anslutningsmojligheterna till exis-
terande elnat spelar in i valet.

Naturgasens
marknadssituation
Organisatorisk struktur

| Danmark utvinns gasen av Dansk
26

Figur 7. Forldggning av naturgasledning i skogsterring

Undergrunds Consortium, DUC, dar
agarna ar A.P.Meller, Shell och Texaco.
DUC siljer vid produktionsplattformen
hela sin produktion till det helstatliga
D.O.N.G. A/S som ager hela det nu far-
diga stamledningsnatet och saljer ga-
sen vidare. Detaljdistributionen skéts av
kommunala regionala bolag.

| Finland koper det statliga oljebola-
get Neste gas frAn Sovjet samt bygger
och ager stam- och regionalledningar.
Neste saljer gasen till storre industrier,
storre kraftverk och till energiverk. De-
taljdistributionen ombesorjs av de kom-
munala energiverken.

Pa den norska Kontinentalsockeln
deltar de flesta internationella oljebola-
gen i gasutvinningen. Tre norska fore-
tag deltar ocksa, ndmligen det helstatli-
ga Statoil, det halvstatliga Norsk Hydro
och det privata Saga. Statoil har pa
uppdrag av den norska staten égaran-
delar i alla gasfalt och har en koordine-
rande roll nar det géller fdrsaljining av
naturgas. Statoil &r ocksa huvudansva-
rig for det norska stamledningsnatet.

Importen till Sverige ombesorjs och
stamiedningen &gs av Swedegas AB

dar Vattenfall ar majoritetsagare. Ovriga
delagare ar Statoil, Shell och DONG.
Samordningen i Sydsverige skéts av
Sydgas AB som dr ett halvstatligt regio-
nalt bolag dar dvriga &gare ar Sydkraft
och de stdrre berdrda kommunerna.
For Vastkusten finns ett regionalt bolag
Vastgas AB agt av Swedegas. Den lo-
kala distributionen ombesoérjs av kom-
munala energiforetag och/eller av de
regionala gasbolagen.

Naturgasens egenskaper

Gasens egenskaper sammanhang-
er med dess kemiska sammansattning.
Naturgas ar en blandning av olika kol-
vaten med metan som huvudbestands-
del. | dansk och norsk gas ar metanhal-
ten ca 90% medan resten utgors av
tyngre kolvéten. | sovjetisk gas ar me-
tanhaften ca 99%. Gasen innehaller
ocksd sma mangder koldioxid, kvave
och svavel samt spar av metaller. Natur-
gas innehaller mycket sma mangder
fororeningar jAmiort med andra brans-
len. Naturgasens energiinnehall ar 10—
11 KWh/m3 vid atmosfarstryck. Den laga
energitatheten jamfort med olja medfér
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att lagring av naturgas blir kostsam.

Naturgas ar inte giftig. Den &r lattare
an Iuft och stiger uppat vid lackage. Luft-
/gasblandningen kan under vissa for-
hallanden vara explosiv.

Naturgas kan med f& undantag an-
vandas for alla slags férbranning. Gas-
formen forenklar férbranningsanlagg-
ningarna och ger goda regleregenska-
per.

Myndighetskrav pa naturgas

Krav fran myndigheternas sida pa
naturgasen sammanhanger i forsta
hand med sékerhets- och miljbegen-
skaper. Nagra gemensamma nordiska
sakerhetskrav finns annu inte utan varje
land staller upp sina egna krav.

Myndigheterna kan paverka natur-
gasens marknadssituation genom
energiskatternas utformning.

Anvidndning av naturgas

Naturgasanvandningen i de nordis-
ka landerna uppgick under 1986 till ca
26 Gm? fordelat med

1,2 Gm3 pa Danmark

1,2 Gm? pa Finland

0 Gm? pa Norge

0,2 Gm3 pa Sverige. :

Den procentuella fordelningen pa
olika anvandargrupper var féljande:

Gas som anvants for elproduktion |
Danmark och Finland ingar i Industri
och Fjarrvarme.

I Danmark har DUC uppnattden pla-
nerade produktionsnivan 2,5 Gm?3 per
ar varav 0,2 Gm? exporteras till Sverige
och 0,6 Gm3till Vasttyskland. Baserat pa
den faktiska utvecklingen vantas avsati-
ningen bli storre &n vad somtidigare for-
utsatts. Ar 2000 berdknas den inhem-
ska forbrukningen bli ca 2,3 Gm3. Ut-
vecklingen for de olika anvandarsekto-
rerna visades pa figur 2.

| Finland vantas forbrukningen under
1987 bli 1,5 Gm3 vilket ar en avsevard
hojning jamfdrt med tidigare och en
folid av att ledningssystemet byggts ut
under 1986. Fram till ar 2000 vantas for-
brukningen oka till 2,5-3,0 Gm3. Under
de senaste aren har gasen tackt 3% av
energikonsumtionen ach vantas vid se-
kelskiftet svara for 10 %. Industrins andel
vantas minska medan fiarrvarmens an-
del 6kar. Andelen for elproduktion forut-
ses bli oférandrad.

I Norge planeras storskalig elpro-
duktion baserad pa naturgas komma

igang under forsta halften av 1990-talet.
Senare kan aven annan marknad bli
uppbyggd, i forsta hand i @stlandsom-
radet.

| Sverige slots vid arsskiftet 1986-87
avtal om leveranser till Vastkustomradet
fran Danmark av 200 miljoner m3 (Mm?3)
per ar med option om ytterligare leve-
rans. Stamledningen ar redan 1987
framme i hojd med Falkenberg och
skall under 1988 na fram till Goteborg.
Férbrukningens karaktar beddms bli
ungefar densamma som for 1986. For
Mellansverige, fran Goteborg och upp
mot Stockholm och Gavie, pagar forbe-
redelser for introduktion av naturgas.
Har finns energimassigt ungefar halva
den svenska energimarknaden och be-
domningarna pekar pa en mgjlig initial
marknadsvolym for naturgas om 700-
900 Mm?¥/ar. Swedegas malsattning ar
att nd Mellansverige senast 1992. Av-
sattning till fiarrvdrme och kraftvarme-
verk skulle avsevart kunna 6ka markna-
den och detta galler aven storskalig
gasbaserad elproduktion for karnkraft-
erséttningen.

Naturgas kan &ven anvandas som
motorbransle i fordon. Detta sker i vissa
lander. En helt ny tillAmpning ar att an-
vanda en naturgasmatad férbréannings-
motor for att driva en varmepumpkom-
pressor.

Inom industrin kan naturgasen utgo-
ra en ravara i vissa processer, exempel-
vis for att producera metanol och am-
moniak, eller som reduktionsmedel vid
framstalining av jarnsvamp.

Naturgas for elproduktion

Den priméara forutsattningen for att
anvanda naturgas i efférsdriningen Ar
att gasen skall vara tillganglig och kon-
kurrenskraftig gentemot alternativen.

For befintliga kraftverk som konver-
terastill naturgas fordras normalt endast
en mindre investering for ny brannarut-
rustning. | Ovrigt blir det en bréanslepris-
jamforelse som kan medge relativt lagt
betalbart gaspris.

For nya kraftverk innebér det gasel-
dade alternativet i allmanhet vasentligt
lagre anladggningskostnad an konkurre-
rande fastbranslevariant. Detta beror pa
att gaskraftverket har vasentligt enklare
utrustning for branslehanteringen, ford-
rar mindre panna och eventuellt annan
och billigare teknik. Detta innebar for
detta fall ett hégre betalbart gaspris.

Det fardiga gaseldade kraftverkets
utnyttning i kraftsystemet &r beroende
av dess rorliga kostnad jamiért med
andra kraftslag. En betalning av gasen
med en relativt hog fast andel och lag
rorlig andel ger majlighet till hog utnytt-

ning av kraftverket.

Naturgasens miljdegenskaper -
praktiskt taget frinet fran svavel och
sparamnen och lag kvavehalt— gor den
attraktiv som brénsle for elproduktion.
inte mindre viktigt ar att allménna opi-
nionen, som ofta ar mycket starkt emot
nya produktionsutbyggnader, torde ha
|attare aft acceptera gaseldade kraft-
verk.

De under senare tid sjunkade olje-
priserna och darmed ocksé sjunkande
gaspriserna har medfort att naturgas
som kraftverksbransle har blivit ett mera
intressant alternativ. Gas som kommer
fran falt som ligger langt fran existeran-
de marknader och rortransportsystem
kan vara speciellt intressant for elpro-
duktion.

Olika alternativ for lokalisering av na-
turgasbaserad elproduktion finns.
® Produktion pé eller i direkt anslutning

till en gasplatiform, ilandféring via el-
kablar och vidare transport pa kraft-
ledningar.

e Produktion vid ilandféringsplatsen
och dverforing pa kraftledningar.

e Gasen Overfors i rérledningar till ett
anvandningsomrade och utnyttjias
dar for saval elproduktion som for an-
nan anvandning.

| det f6ljande ges en kort beskrivning
av olika kraftverkstyper som &ar aktuella
for uteslutande gasledning och nordis-
ka forhallanden.

Tekniska losningar

En gasturbinanldggning i sittenklas-
te utforande omfattar en generator
kopplad till en gasturbin. Den har laga
investeringskostnader, 2000-3000
SEK/KW. Anlaggningen &r kompakt och
har kort byggnadstid. A andra sidan ar
dess verkningsgrad bara i storleksord-
ningen 30 %, vilket innebér att de rorliga
kostnaderna blir stora. Detta innebar att
anlaggningen ar bast lampad fér topp-
och reservkraftproduktion.

Ett gaseldat konventionellt kon-
denskraftverk kraver betydligt storre in-
vesteringar an ett gasturbinkraftverk, ca
5000-5500 SEK/KW. Kondenskraftver-
kets verkningsgrad ar daremot betydligt
hogre, ca 40 %. Detta gor att kondens-
kraftverket & mera lampat for baspro-
duktion.

Ett gaskombikraftverk (combined
cycle process) &r en annu mera ekono-
misk I6sning an ett gaseldat kondens-
kraftverk. Kombikraftverket bestar av en
kombination av gasturbin- och ang-
kraftanlaggningar. Anlaggningen kan
ocksa vara forsedd med efterbranning.
Investeringen ar ca 4000-4500 SEK/
kw. Den totala verkningsgraden for an-
laggningen &r 45-50 %. Kombikraftver-
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ket ar den lampligaste losningen for
basproduktion med gas.

Alla de ovan namnda processerna
kan ocksa utnytfjas for kombinerad el-
och varmeproduktion saval inom indu-
strin som for fiarrvarmedndamat. Darvid
hojs verkningsgraden till 80-90 %. Spe-
ciellt for mindre anlaggningar kan die-
selkraftverk med avgaspanna vara ett
alternativ.

For ett givet varmeunderlag sa kan
man med en gaskombilosning fa dub-
belt eller mer an dubbelt s& stor elpro-
duktion som vid en angprocess. Ett s4-
dant kraftverk pa ca 150 MW finns 1 Fin-
land | Mertaniemi, Villmanstrand.

Om gasavtalet kraver ett konstant
gasuttag Over aret medfor detta aterver-
kan pa elsystemets reglerbehov. For att
mojliggora ettjamnt gasuttag men en till
belastningen anpassad elproduktion
kan man bygga stora gasmagasin. En
annan mojlighet ar att ha kraftverk dar
gas suppleras med andra branslen, sa
kallad bivalent drift.

Gaskraftverk i Norden

| Danmark har ombyggnad till gas-
eldning skett 1 tre tidigare kol-/cljeelda-
de kraftverk. De kraftverk det galler ar
265 MW 1 Kyndbyveerket (kondens),
285 MW 1 Fynsveaerket och 135 MW |
Svanemolleveerket (de bada sistnamn-
da kraftvarme). Dessutom pagéar omfat-
tande utbyggnader av flera smaskailiga
kraftvarmeverk for naturgas.

{Finland fanns 1986 ett tiotal kraftverk
som anvander naturgas som bransie,
total effekt ca 650 MW. En del av dessa
ar ursprungligen byggda for gaseld-
ning, andra har byggts om fran att tidi-
gare ha varit oljeeldade. Bland storre
anlaggningar i drift, utdver detredan be -
handlade kombikraftverket Mertaniemi
vid Villmanstrand pa ca 150 MW och
dessutom en gasturbin pa 34 MW, kan
namnas kondenskraftverket Mussalo
vid Kotka pa 155 MW och ett gasturbin-
kraftvarmeverk i Lahti pa 40 MW. Den
naturgasbaserade elproduktionen 1986
uppgick till 1,7 TWh. Man har ocksa be-
slutat att bygga tre nya naturgaseldade
kraftverk pa tillsammans ca 230 MW, Al-
la ar kraftvarmeverk. Det storsta av des.
sa liggeri Tammerfors och ar ett kombi-
kraftvarmeverk pa 132 MW. Dessutom
planeras flera nya gaseldade kraftverk.
Den totala naturgasbaserade eleffekter
i borjan pa 1990-talet beraknas dversti-
ga 1250 MW. Alla de nya kraftverken
kemmer att producera bade el och
varme.

| Norge har Statkraft och Statoil gatt
Ihop om att bygga ett gaseldat kombi-
kraftverk p4 Karste i Rogaland. Planerad
effekt ar 700 MW, arsproduktion ca 5
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Figur 8. Kombikraftverk i Mertaniemi, Villmanstrand

TWh. Kraften fran denna anlaggning
kommer att matas in pa det norska
stamnatet. Aven Norsk Hydro har planer
pa att bygga eft gaskraftverk 1 samma
omrade. Kraften fran detta avses primart
bli anvand for koncernens egna indu-
strier. Vidare pagar studier om att bygga
ut gaskraft1 Trendelag bagserad pa gas
fran Haltenbanken.

| Sverige anvands annu inte natur-
gas for elproduktion. Det som narmast
kan vara aktuellt ar att anvanda gas som
bransle | kraftvarmeverk. Det galler da
dels kenvertering till gaseldning 1 an-
laggningar som nu anvander annat
bransle, dels helt nya verk. | samband
med karnkraftavvecklingen kan natur-
gas ocksé bl aktuell for storskalig elpro-
duktion.

Slutsatser

Naturgas ar en energiravara som
bedoms fa vasentiigt okad betydelse i
den nordiska energiforsorningen. Det
ar dock vikhigt att naturgasen betraktas
som en energiravara bland alla andra
och att det ar dess ekonomiska konkur-
renskraft med beaktande av miljokra-
ven som bor avgora dess roll i det fram-
tida energisystemet.

Nar det galler naturgas for elproduk-
tion kan dess betydelse framover kom-
ma aft Oka dels som supplerande
bransle | saval existerande som nya
kraftverk, dels som bransle i nya gasel-
dade kraftverk.

| det framtida nordiska energisyste-
met ar det vikligt att naturgasen inpas-
sas pa ett sadant satt att man dstadkom-
mer ett sa optimalt resursutnyttjande
som maojligt. Aktiv samverkan mellan el-
och gassystemen ar darvid av stor bety-
delse.

Inom de enskilda nordiska landerna
bedrivs omfattande FoU-verksamhet
pa naturgasomradet, saval betraffande
lagring, overforing, distribution som an-
vandning. Man har nu startat upp aktivi-
teter for en samordning mellan lander-
na, eventuellt med ett cirkulerande
kansli enligt Nordelmodell.

Norden har ett strategiskt lage mel-
lan de stora gastillgangarna i Nordsjon
och Sibirien. Ett internordiskt nat for att
koppla ihop de nordiska landerna med
Sovjet och Vasttyskland &r en intressant
vision for framtiden. Detta skulle kunna
ge fordelar pa liknande satt som det
lyckosamma Nordel-samarbetet har vi-
sat sig medfora.
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Nordel

ordel, founded in 1963, is an

association for people active in

the field of power supply in Den-
mark, Finland, Ilceland, 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.

Nordel has the following permanent

tasks:

~to continually follow developments in
production and consumption of elect-
ric energy in the Nordic countries

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

~to publish anannual 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.

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.

Denirrisrk




Nordel
1986

—conomic growth in industrialized
b= countries in Western Europe has
N0t been as vigorous as expected
after the fall in the price of oil. However,
in the long term the current oil price will
lead to expansion in the economy ofthe
oil importing countries. The general
economic policy in the OECD countries
in Europe has not changed. The fiscal
policy is neutral or slightly restrictive.
The interest rate has dropped during
1986 but this is not expected to raise the
record low rate of inflation, which is only
27% in the OECD. The number of
unemployed was high, amounting to as
much as 8.0% of the total work force.

The economic trend in the Nordic
countries is the same as that in the
OECD. However, the growth in gross
domestic product varied greatly. There
was a rapid economic up-turn in lce-
land and the GDP went up by 6%. In
Denmark and Norway the growth varied
from 3% to 4 %, while Finland and Swe-
den had somewhat less than 2%. lce-
land also reported a high increase inthe
consumer price index, 13%. Norway
had an increase of 7 %, while Denmark,
Finland and Sweden had an increase
varying only between 3 and 4 %. Den-
mark had the highest unemployment

rate, 8 %, while Finland had 7 %, Swe-
den 3%, Norway 2 % andIceland1%.In
shor, the rate of growth in the Nordic
countries corresponds to that of the
other OECD countries, while the inflation
rate is somewhat higher and the num-
ber of unemployed somewhat lower
than the OECD average.

Total electricity consumption in-
creased by only 0.3% in 1986 com-
pared with 1985. The gross consump-
tion was 308.1 TWh, excluding 5.5 TWh
power delivered to electric boilers. The
change in consumption varied greatly
in the countries. lceland had the great-
est increase, 5.6%. Denmark's con-
sumption went up by 3.4 %, Finland's by
1.4 % and Sweden’s by 0.4 %. In Norway
electricity consumption went down by
15%. Sweden reported the greatest
electricity consumption, i.e. 126.7 TWh,
Finland had 52.6 TWh, Denmark 28.7
TWh and iceland, 3.9 TWh.

Hydro power, the base of the Nordel
electricity production, amounted to
172.7 TWh, covering 55.9 % of total pro-
duction, which was 309.0 TWh. Norway
is the greatest producer of hydro power
with 96.7 TWh. Sweden produced 59.8
TWh, Finland12.3 TWh, Iceland 3.8 TWh
and Denmark 0.03 TWh with hydro

1986

ordel’s
Activities In

power. Nuclear power, which has also
played an important role in the Nordic
countries, amounted to 85.0 TWh, rep-
resenting 27.5 % of production. Sweden
produced 67.0 TWh and Finland 18.0
TWh nuclear power. Other thermal
power, which is mainly produced in
Denmark, Finland and Sweden,
amounted to 51.3 TWh, accounting for
16.6 % of production. The share of oil in
electricity generation remained minimal
despite the decline in oil prices.

Power exchange between the coun-
tries declined considerably from the
previous year, and amounted to 9.1
TWh, which is 41 TWh less than in1985.
Of total production, power exchange
accounted for only 2.9 %. Norway was
the greatest importer with 3.6 TWh and
Sweden exported the most, 6.5 TWh.
Norway was also the greatest netimpor-
ter with 1.9 TWh and Sweden the great-
est net exporter with 4.6 TWh. Den-
mark’s net imports within Nordel were
1.6 TWh and in Finland the figure was 1.2
TWh. Finland also imported 4.7 TWh
from the Soviet Union. Denmark import-
ed 01 TWh and exported 0.2 TWh from
the Federal Republic of Germany. On
the whole, if the large imports from the
SovietUnion are considered, Nordelisa
net importer.

he Nordel Annual Meeting was
held in Stockholm on August 28,
1986. The meeting discussed the
current power situation in the Nordic

countries and output balances for the
next three years. Special attention was
paid to nuclear power and its future
prospects in the Nordic countries. A sta-

terment on Nordic power supplies in the
'‘90s was made and the statement has
been submitted to the Nordic Council of
Ministers. The committees reported on
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their activities during 1986 and outlined
their plans for the future. The activities of
the working groups and contact per-
sons were discussed, and reports were
presented on international contacts.

Because of the rotation system in
Denmark, Mr Jens Christian Clausen
resigned at the meeting and Mr Poul
Erik Nielsen was elected as a new
member. Mr Tapio Kunnas from Finland
resigned from office and was replaced
by Mr Esa Hellgrén. A decision had
pbeen made to change the Swedish
representation and thus Mr Tage Nytén
and Mr Nils Holmin resigned and Mr
Carl-Erik Nyquist and Mr Lars Gustafs-
son were elected as new members.

As the chairmanship of committees
also rotates, the chairmanship of the
Operations Committee was transferred
from Denmark to Finland. Mr Are Ring-
Nielsen was succeeded by Mr Anders
Paimgren as a chairman. There was
also a change in the composition of the
Thermal Power Committee, as the for-
mer chairman, Mr Lars Gustafsson,
resigned and Mr Rauno Linkama was
elected in his place.

Nordel's representatives met the
Nordic energy authorities on December
4, 1986 in Stockholm. Cooperation be-
tween Nordel and the energy authorities
has mainly consisted of exchanges of
information and discussions on current
energy iSsues.

As there was no reason to hold an
extra meeting, Nordel's chairman and
secretary and the chairmen and secre-
taries of the three committees met on
February 26,1987 in Helsinki. The meet-
ing discussed the activities of the secre-
tariat and committees.

Nordel's chairman is Mr Klaus Ahl-
stedt from Finland and deputy chair-
man Mr Rolf Wiedswang from Norway.
The secretariat is based at Imatran
Voima Oy, in Helsinki.

Operations Committee

As in previous years, the Committee
has dealt with matters concerning joint
operations, such as the power balance
situation in the Nordic countries, power
exchanges between the countries, ope-
rational reliability, technical aspects of
operations and disturbances in 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 power
balance is anticipated. However, the
great increase in consumption during
the last few years has led to output and
energy marginals being reduced in the
Nordel systern, as scheduled con-
sumption levels have been achieved
several years earlier than expected.

The previous rapid consumption in-
crease in the Nordel system slowed
down in 1986 and has become more
moderate, partly owing tothe trend inin-
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dustrial consumption but also owing to
a reduced rate of increase in general
consumption. Still, Denmark continues
to report a relatively high rate of increase
overall.

The spring floods were heavy in the
Nordel system, but there was little rain-
fall in the summer, which resulted in
very low inflows and low reservoirs in
Norway and Sweden at the end of the
summer. Rainfall was heavy in the au-
tumn, particularly in Sweden, and the
power situation improved gradually so
that at the end of the year reservoirs
were filled to above average levels in all
three countries.

Nuclear power plants functioned ve-
ry well in 1986. In Sweden nuclear pow-
er was reduced by 0.8 TWh during the
floods.

in Sweden approval was granted to
increase the output of the Barseback B1
and B2 and Forsmark B1 and B2 nuc-
lear power units. The Ringhals 2 unitwill
be operated at an output of 809% to re-
duce the strain on the steam generators.

Power exchanges were not as ex-
tensive in 1986 as in 1985. In the spring,
early summer and autumn Sweden ex-
ported power to Norway, which con-
tributed to the filling of the Norwegian re-
servoir. During the spring and summer,
and at the end of the year, Sweden ex-
ported power to Finland and Denmark
to compensate for fossil-fuelied power
production.

The working group for systems mat-
ters, NOSY, completed an extensive
analysis of a disturbance in Zealand
which was initiated through oscillations.
The results of the work will include mea-
sures intended to identify and control
oscillations, and to define the transmis-
sion capacities of interconnection lines,
taking into account the risk of oscilla-
tions.

A working group has considered the
pricing of power exchanges. The group
has studied whether the present rules
lead to rational utilization by the electric
power system and whether the profits
from power exchanges are distributed
fairly.

After the Operations Committee had
presented a report from the group at
Nordef's annual meeting in 1986,
NORDEL decided that the 1971 recom-
mendation for "Operations Cooperation
within Nordel”, including amendments
made later, would continue to be eftec-
tive for the time being.

In collaboration with the Planning
Committee, the Operations Committee
analysed the output balance during the
cold spells at the beginning 0f1985 and
1987. The following factors were report-
ed for each country and for the total sys-
tem.

— Consumption

- Production

— Production not available
- Production reserves

- Power exchanges

— Transmissions in important sections

The primary aim of the analysis was
to chart the real availability of production
and the size of real production reserves.

The result of these output balances
and of operational experience gained in
cold spells provides the basis for output
and energy balance analyses for the
Nordel system for 1990 and 1995. The
analyses will be carried out jointly by
both committees. The increase in elec-
tricity consumption and difficutties and
delays in acquiring new production and
transmission capacity mean that output
and energy margins have decreased in
the interconnected Nordic power sys-
tem.

The Operations Committee has re-
viewed its tasks. The Committee aims to
optimize resource exploitation in the in-
terconnected Nordel system so that the
total resources are exploited in the best
possible way, taking into account the
demands of safety and quality.

To achieve this aim, the Committee
works on
e Power balances
— Current operation period. Monitoring

of power balances (results, current

power situation, plans)
— Coming operation year (1-5 years).
Output and energy balances
e Power exchanges
- Monitoring of power exchanges and
pricing
~ Pricing principles for temporary
power exchanges

e Technical joint operation

— Rules for operation reserves, frequ-
ency regulation, load shedding,
transmission limits, etc.

e Operational security

— Information on and analysis of distur-
bances that have occurred and inte-
resting events in the power system.

The Operations Committee consid-
ers it natural that the media be given
constructive, practical information and
facts about its field of activity.

In April 1986 the Committee held a
joint meeting with its continental coun-
terpart, UCPTE, in Cologne. The meet-
ing was considered rewarding and im-
portant. The next meeting is scheduled
for September, 1987 in Finland.

Planning Committee

The Planning Committee submitted
the following reports to the 1986 annual
meeting of Nordel:

— Estimate of the incremental benefit
of interconnecting links — a study of
the Nordic electric power system

— The costs of wind power — a sum-
mary of the current situation

— Balance between electrical and other
energy.

The first report describes a calcula-
tion model! for joint operation studies or
the Norde!l system, prepared by the
Generation Group. The report presents
the results of the calculations carried ou



for the 1995 stage. The model pro-
duced represents a valuable new aid for
Nordic joint planning. The report was
approved by Nordel.

The other two reports were also ap-
proved by Nordel and were considered
to contain information that is of value
to persons who are active in the field
of electric power supply, and also to a
broader circle. Nordel decided that the
reports should be printed and widely
distributed. Printing is in progress, and
the reports are scheduled for distribu-
tion at the beginning of 1987.

The Generation Group has pro-
duced the basic information for the Grid
Group studies of the transmission capa-
cities at the 1995 stage. Work is now in
progress on improving and expanding
the data for the 1995 stage, and some
additional alternative studies are being
planned, including the assessment of
the influence of a different electrical
energy utilisation level than that predict-
ed in official forecasts, and the influence
on changes in oil prices. Moreover,
power and energy balances for the
Nordic system will be produced for the
1995 stage. The Generation Group re-
port to the Nordel annual meeting men-
tions that scope is available for further
development of the model, and this is
also being planned. A summary of the
Generation Group report will be sub-
mitted to a seminar being arranged by
the Economic Commission for Europe
and dealing with operating and plan-
ning models for electrical systems. The
seminar is to be held in Moscow inJune
1987.

The dominating task of the Grid
Group has been to study the transmis-
sion capacities on the interconnecting
links atthe 1995 stage. Information from
the Generation Group has been em-
ployed in this work. A report in this mat-
ter and a proposal for a Nordel recom-
mendation is being planned for presen-
tation to the 1987 Nordel annual meet-
ing.

Another important assignment for
the Grid Group is a review of the Nordel
grid design rules. These rules were
adopted in 1972 and have not been re-
vised since. The work done so far indi-
cates the rules still meet the require-
ments fairly well. At any one time, sev-
eral plants are almost always shutdown
for scheduled overhaul or other work.
Problems may arise if a design-basis
fault should occur in conjunction with a
number of more extensive outages. The
intention is to take this into account in
the revision of the rules. Study may also
be devoted to a number of fault condi-
tions that are more difficult than the de-
?ign—basis fault conditions assumed so
ar.

The power balance on the Nordel
system during the cold spell at the be-
ginning of 1985 was studied in a coope-
ration project between the Operations
and Planning Committees, and the

power and energy balances at the
1990 stage are now being studied.
These studies are designed to establish
the margins available in the system un-
der peak load conditions. Difficulties
and delays in the construction of new
generation capacity, atthe sametime as
the electric power demand is increas-
ing, leads to growing problems in meet-
ing the demand. The results obtained so
far indicate that, on the basis of current
forecast, power balance will still be
maintained at the 1990 stage, although
with smaller margins. The Planning
Committee will undertake the same
analysis for the 1995 stage. A report is
scheduled for submission to the 1987
Nordel annual meeting.

The Planning Committee has pre-
pared the special article included in this
annual report concerning Natural gas in
the Nordic Countries.

A delegation from the nine states in
southern Africa comprising the Sou-
thern African Development Coopera-
tion Conference (SADCC) visited the
Nordic countries for a couple of weeks
during the early summer of 1986. The
objective was to obtain information on
the electric power cooperation within
Nordel and the conditions available for
establishing some similar form of co-
operation within the SADCC region. A
one-day seminar at the beginning of the
visit provided background information
on the Nordic countries and Nordel. The
delegates then made study visits to
electric power plants in the Nordel
countries. A two-day seminar atthe end
of the visit was devoted to a discussion
on how some form of electric power
cooperation could be started between
the SADCC countries. The visit was
financed by the Nordic assistance orga-
nisations (DANIDA, FINNIDA, NORAD
and SIDA). The Planning Committee
was responsible for the programme
during the visit and for coordinating the
various arrangements.

Nordel submitted a report entitled
"Nordic electrical cooperation - simple
cooperation forms offer significant be-
nefits” tothe 1986 World Energy Confer-
ence (WEC). The report was produced
in cooperation between the three Nord-
el committees, the secretary of the Plan-
ning Committee being responsible for
the coordination. The report was select-
ed by the organisation committee for the
WEC for introducing the subject area
"Exchanges of electricity between
countries and regions”. The secretary of
the Planning Committee was appointed
special reporter for introducing the sub-
ject field. The report was also presented
by the Planning Committee at a Poster
Session. At the WEC, the Chairman of
the Planning Commitiee alse attended
a panel discussion on the subject
"Growing role of electricity in the energy
spectrum”. The Planning Committee re-
port entitled "Balance between electri-
cal and other energy” formed part of the

basis for his presentation.

The Planning Committee participat-
ed in the planning work for aseminaron
district heating matters, arranged by
the National Energy Administration of
Sweden, on assignment from the Nord-
ic Council of Ministers. One of the com-
mittee members also participated as a
lecturer at the seminar.

Thermal Power
Committee

The Thermal Power Committee has
continued to promote cooperation in
thermal power production in the Nordic
countries. It has studied the costs of ex-
pansion and operation of production
plant and improved productivity
through exchanges of information co-
operation. The Committee’s work is
mainly carried out in working groups
and ad-hoc groups.

During 1986 the Committee’s Work-
ing Group for Maintenance and Opera-
tion arranged a seminar for operations
managers. There was no special theme
for the seminar, as the wide range of
topics was considered sufficient to give
operations managers ideas and moti-
vation. A similar seminar is being
planned for maintenance managers.
The Group has continued its work on an
information service to solve problems
through the exchange of experience
between Nordic thermal power plants.
The Thermal Power Committee has
asked the Group to investigate the costs
for desulphurization and deNox in the
Nordic countries together with the ad-
hoc group for environmental matters.

In its annual report, which was less
extensive than usual, the Working
Group for Nuclear Fuel stated that the
market situation for nuclear fuel can still
be characterized as steady even though
prices have falien slightly in the USA. At
the same time, however, the exchange
rate for the US dollar has declined, com-
pared with the currencies of the Nordic
countries, and hence prices have in fact
decreased.

The Committee has continued to
monitor the research and development
activities of NKA (the Nordic Contact Or-
ganization for Nuclear Energy). A con-
tact group has been established to look
after NKA's safety programme for
1985-1989. The main task of the group
is to introduce the programme into the
power industry.

The ad-hoc group for Sulphur Emis-
sions has been converted to an "Ad-
hoc group for Environmental Matters”
which has more responsibility for the
environmental aspects of thermal pow-
er production. The group is to keep itself
informed on research resulls and opi-
nions concerning biological conse-
quences of emissions affecting the en-
vironment.
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Denmark

Energy policy

he political desirability of lessening
Denmark’s dependence on im-

ported energy was, in 1986, once
again reflected in an increase in the pro-
duction of Danish North Sea oiland gas.
This contributed significantly to the fact
that in 1986 energy of Danish origin co-
vered about 31% of the gross energy
consumption of the country. The total
Danish production of oil and gas in 1986
corresponded to 48% of Denmark’s
consumption of oil and gas. Denmark
consumed 2.8 million tons of her own
North Sea oil and 1.1 billion m3 of her
own natural gas. In addition to this 0.6
billion m? of natural gas and 0.8 million
tons of oil were exported.

Underground exploration in Den-
mark increased in intensity during 1986:
twelve groups, comprising 44 compa-
nies, now have concessions for explo-
ration and recovery in selected areas.
However, itis still only the Danish Under-
ground Consortium that produces oil
and natural gas.

The natural gas that the power com-
panies are obliged to purchase accord-
ing to the agreement with Danish Natu-
ral Gas A/S amounted in 198610 0.17 bil-
lion m3.In December 1986 Danish Natu-
ral Gas A/S reduced their estimate of
the total amount to be purchased by the
power companies by afurther 25%toa
little less than a third of the agreement’s
original limit of 2.5 billion m3.

Coal accounted for 93 % of the fuel
consumed by Danish power stations in
1986 and thus continued to dominate
other fuels used for such purposes, in
line with the country’s energy policy,
which aims to reduce dependence on
oil as much as possible. There were
changes in coal-importing patterns
when coal imports from the Republic of
South Africa were prohibited from No-
vember 1986. Large imports from Co-
iumbia have partially replaced imports
from South Africa.

The world market for fuel was
marked by plentiful offers of coal and oil.
The price level for coal was in general
very low in 1986. The sharp fluctuations
in oil prices led to prices atthe end ofthe
year that were about half those atthe be-
ginning of the year. Nevertheless, even
in the summer when the lowest oil
prices for limited quantities bordered on
the spot price for coal, there was no rea-
son in Denmark to make any appreci-
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able changes from coal-firing to oil-fir-
ing.

The proposal drawn up in 1985 for
an agreement that the power compa-
nies should include provision in their ex-
pansion plans for 100 MW based on
large wind-energy plants and wind-
energy farms, was confirmed by the

competent assemblies of the power
companies in the spring.

Behind this agreement lies the politi-
cal desire to promote the use of renew-
able energy for power production. This
policy was further expressed in the
agreement on power production en-
tered into by the government and the
Social Democrats in June. The latter
agreement aims to establish political
stability for the expansion of power pro-
duction that is to ensure power supplies
during the 1990s. According to this
agreement future expansion will in part
be implemented by small, decentra-
lized CHP plants and in part by large,
new power-station units. The power
companies contribute to ensuring the
optimal exploitation of expansion by
means of decentralized CHP plants
based on domestic energy resources
such as natural gas, straw, timber chips,

refuse and biogas up to a limit of 450
MW. During the next five years an expe-
rimental and demonstration pro-
gramme involving 80-100 MW will be
set up using plants of different output,
design and fuel types.

The agreement implies, too, that
goal-directed efforts will be made to
promote energy saving. Campaigns, fo-
cusing on the tax-free power consump-
tion of business enterprises, have alrea-
dy been initiated.

During 1986 forceful political mea-
sures involving taxation were applied to
the energy field and led, for example, to
the following consequences:

— Taxes on electricity, oil and coal were
increased to between twice and four
times their former level.

- Prices paid by energy consumers are
to be maintained at a uniform, high le-
vel by means of occasional tax adjust-
ments.

— The economic conditions associated
with the use of natural gas and renew-
able energy sources were much im-

proved through continued tax
exemption.
— Economic incentives for energy-

saving projects were enhanced by
the generally high prices to consum-
ers of energy.

Power consumption

Denmark’s total power consumption
was a good 28 TWh in 1986, which
is an increase of about 3.9 % compared
to 1985.

The industrial sector was that which
primarily increased its power consump-
tion; the increase was about 7 %. In the
trade and service sectors consumption
rose about 5%, while private house-
holds, agriculture etc. increased their
consumption by less than 1%.

Consumption in 1986 was made up

as follows:

private households 43%
Trade, service sectors

and agriculture 28%
Industry 29%.

Forecasts for power consumption in
the future are still based on moderate
growth rates of around 3% per annum.

If economic growth continues in
Denmark, then somewhat larger growth
rates may have to be expected. Conver-
sely energy-saving measures could
imply lower growth rates.



Power production

The installed capacity of power sta-
tions in Denmark was about 8150 MW
at the end of 1986. This is 0.2 % more
than in the previous year.

Capacity is distributed as follows:

steam-power plants 95.4 %
gas turbine and diesel plants ~ 3.7%
privately-owned

wind-power plants 0.8%
hydro-power plants 0.1 %.

About 5% of the capacity relates to
older, outdated plants which are only ta-
ken into use In extreme situations, and
which have to be given atleast a couple
of days advance notice.

Alarge portion of the capacity lies in
CHP plants, where output is reduced
when heat is supplied to the district-
heating systems. This  reduction

amounts 1o about 600 MW at peak
loads.

After conversion to coal/oil-firing a
270 MW unit was put back into opera-
tion in 1986. Another 295 MW unit is still
undergoing conversion.

Steam-power plants covered
94.6% of power consumption for the
year, wind power 0.3 % and hydro pow-
er 01%. Net imports account for the
remaining 5 %.

Atthe same time as producing pow-
er, the CHP plants supplied about
47 500 TJ district heat.

The steam-power plants consumed
as much fuel in 1986 as corresponded
to about 11.5 million tons of coal. 93 % of
the total fuel consumed was coal.

Construction of unit 3 of the Amager
power station and untt 1 of the Avedere
station continued in 1986 with a view of
putting the plants into operation in 1989
and 1991, respectively. Each unit will

have an electrical output of 250 MW net
and a heat output of 330 MJ/s.

In addition, construction of a new unit
at the Fyns power station was started.
The new unit will have an output of
about 350 MWe and 450 MJ/s heat.

Decisions were made on three de-
sulphurization plants for flue gases in
1986: all will have Danish principle sup-
pliers. Two are dry-process plants that
are to be putinto operation at units 3 and
4 of the Studstrup power station -
2 x 350 MW —in 1988 and 1989, respec-
tively. Tre third is a wet-process plantfor
unit 3 of the Amager power station of
250 MW scheduled to go into operation
during 19889.

The residue from the wet process is
gypsum, and it can be used by manu-
facturers of gypsum sheets and by the
cement industry. The residue from the

dry process 1s a mixture of calcium sul-
phite and gypsum which, it is assumed,
can be used as a filling material under
certain conditions. There may be a
need, however, to dispose of consider-
able quantities of desulphurization resi-
dues.

Orders for two experimental and de-
monstration plants, in which nitrogen
oxides - NO, are removed from the flue
gas, were placed with Danish concerns
in 1986, and the plants are expected to
be operable in 1987. Furthermore, stu-
dies were initiated at a number of sta-
tions and changes planned that will limit
the formation of NO, in the furnace
room.

Construction of ELKRAFT's Mas-
nedo wnd power farm, comprising five
750 kW plants, was completed in 1986.
Work on getting the plants into opera-
tion will continue in 1987.

Construction of ELSAM's 2 MW

wind-power plant near Esbjerg conti-
nues according to the plan. It is sche-
duled to be put into operation in the
autumn of 1987.

The first phase has started in the
agreement between the power compa-
nies and the Ministry of Energy relating
to power-production expansion by
means of 100 MW wind power before
the end of 1990. Plans embody some
ten wind-power farms of 2-5 MW and a
total installed output of 35-40 MW. Quo-
tations were procured and workis being
done on local and regional plans, on
environmental licensing, and the like.
The total initial outlay in this first phase is
expected to be between 350 and 400
million Danish kroner.

Electricity prices

In January 1986 electricity prices fell
a few per cent to an average of 49 are/
kWh at 3000 kWh/yr and 34 gre/kWh at
one million kWh/yr, excluding taxes and
value-added tax. At the same time the
energy tax was increased from 15.5 gre/
kWh to 19 ore/kKWh. In April this tax was
increased to 29.5 ere/kWh (26 ere/kWh
for electrical heating) and in October by
a further three ore to 32.5 are/kWh (29
ere/kWh for electrical heating).

Because of the unexpected falls in
fuel prices, coupled with the fall of the
dollar, electricity prices in October were
reduced by an average of 7 ere/kWh, af-
ter which the consumer price atthe end
of the year was a good 90 ore/kWh for a
consumption of 3-4000 kWh/yr, as
against about 80 are/kWh a year earlier.
Of this 90 ere/kWh the energy tax and
the value-added tax amounted to about
55 %.

Power transmission

The Konti-Skan connection be-
tween Jutland and Sweden is being re-
newed and extended because, among
other things, the present link, which has
a transmission capacity of 275 MW, is
expected to be worn out by the mid-
1990s. Work has started on the new link
and itwill be putinto commercial opera-
tion in 1988. The new link will have a
transmission capacity of 300 MW at 285
kV DC. Its length is about 150 km includ-
ing an 88-km-long marine cable be-
neath the Kattegat.

The work to study the question of a
power link beneath the Great Belt was
completed in the committee that was set
up by the Minister of Energy and the
power companies. It was found that, un-
der present circumstances, there is in-
sufficient basis for establishing such a
connection, the initial price of which is
reckoned to be about 820 million kron-
er. The question of establishing a link
beneath the Great Bolt will still, however,
be considered together with the expan-
sion plans of the power companies.
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Finland

Energy economy and policy

n 1986 economic growth in Finland
| slowed down somewhat compared

with the previous year. Gross nationalt
product increased by less than 2%.
Growth picked up towards the end of
the year. The stagnation in the rate of
growth was a consequence of strikes in
the spring. There was also a decline in
bilateral trade with the Soviet Union ow-
ing to a decrease in oil prices at the be-
ginning of 1986. Inflation was under
control, the consumer price index in-
creased by about 3.5% and wholesale
prices dropped by as much as 4.5%.
Prospects for 1987 were somewhat
brighter, mainly because of a greater
demand for wood-processing products
and improved exports to both the West
and the East.

Energy consumption declined by
some 1% in 1986 from the previous year
because of the milder weather, the eco-
nomic recession at the beginning of the
year and the strikes in spring 1986.

The drastic drop in oil prices at the
beginning of the year probably had a
major impact on the Finnish energy
economy. At the end of 1985 heavy fuel
oil cost some FIM 103/MWh, while one
year later it cost only FIM 47/MWh,
Prices for coal and natural gas have
also fallen substantially during the year.

In spring 1986 Imatran Voima Oy
and Teollisuuden Voima Oy (Industrial
Power Company) established a joint
company, Perusvoima Oy, to construct
the fifth nuclear power plant in Finland.
However, the situation changed with the
nuclear reactor accident at Chernobyl
in the Soviet Union, and processing of
the application for a new nuclear power
plant was discontinued at the Ministry of
Trade and Industry. As aresult of the ac-
cident, public opposition to nuclear
power grew and it is no longer an alter-
native source of electricity for the 1990s.
By the end of the year, though, there
were signs of a change in the climate of
opinion.

Expansion of the natural gas pipe
line to the Helsinki metropolitan area
and Tampere was completed in au-
tumn 1986. A gas-fired power plant is
being built in Tampere. The city of Hel-
sinki has not yet made a decision on
whether to go over to natural gas. In the
autumn a high-level working group was
appointed to investigate the construc-
tion of a pipe line to the west coast, for
example, to Turku and Uusikaupunki.

During the spring and summer the
Ministry of Trade and Industry improved
and reformed the electricity policy
which was prepared as early as autumn
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1985. The policy includes proposals for
the electricity supply in the 1990s. In No-
vember the Council of State made a de-
cision in principle on the development
of the electricity supply in the 1990s. Ac-
cording to this decision, the use of elec-
tricity shall be as efficient and economi-
cal as possible. Combined electricity
and heat production will be given prior-
ity and total cogeneration construction

will amount to some 1100 MW by 1995.
The first 150 MW peat-fired condensing
power plant will be built in Haapavesi in
Oulu county. A similar power plant will
probably be built at Pudasjarvi later on.
Two coal-fired power plants are also
planned, one of which will be located at
Pori and the other at Kotka.

The energy tax reform of August 1,
1986 had a great impact on the energy
economy. A uniform turnover tax of 16 %
was put on energy. Separate electricity
and fuel taxes were abolished with the
exception of fuel oil for transport. The
competitiveness of domestic fuels has
been secured by exempting them from
turnover tax.

As a resuit of the energy tax reform,
certain production investments be-
came deductible from turnover tax.
These investments include combined
heat and power plants and heat supply
stations, and condensing power plants
that are fired by domestic fuel. The ener-
gy tax reform reduced industry's energy
costs by more than one billion Finnish

marks, whereas individual consumers
have had to pay an energy bill which
has increased by almost the same sum.

In June Parliament approved a new
Nuclear Energy Bill, according to which
Parliament will decide on the construc-
tion of new nuclear power plants. How-
ever, the bill will not come into force until
after the general election in spring 1987,
providing that it is approved by the new
Partiament.

Finland has also undertaken to re-
duce sulphur emission levels by 30%
from the 1980 level by 1993. The 'Sul-
phur Committee’ submitted its report to
the Ministry of Trade and Industry in No-
vember. The Committee has investigat-
ed what measures are to be taken to
achieve this goal and even to improve
on it.

In November the 'Rapids Preserva-
tion Act was approved by Parliament.
Under the Act most of the unexploited
rapids and rivers in Finland will be
saved from power generation, and
hydro power production will generalily
only be increased with extra capacity at
existing power plants. Parliament has
also discussed the amendment to the
law on the taxation of hydro power. The
new law would increase the taxable va-
fue of power plants, the value of which
would approach their current values,
and communities where power plants
are situated would receive greater tax
incomes from power companies.

Electricity consumption

In 1986 total energy consumption
rose by 1.2% to 52.7 TWh. The slight in-
crease of 0.9 TWh was due to the fact
that the recession continued in autumn
1986 and that industrial energy con-
sumption did not increase notably. The
weather was also milder than in the pre-
vious year. As economic conditions re-
vived at the end of the year, industrial
consumption picked up. The highest
electricity consumption was recorded in
the civil sector, particularly in housing
and the services. Consumption of
electric space heating continued to in-
crease and the number of dwellings
heated by electricity rose by nearly
30000 to 360 000 at the end of 1986. Of
the total final consumption, electricity
represented 22% in 1986, as against
23% in 1985.

The second week in 1987 was the
coldest ever in Finland. In several re-
gions, especially in southern Finland,
existing low-temperature records were
beaten. The mean temperature at, for
instance, Helsinki-Vantaa Airport was
-30.4° and a new record temperature



of —34.3°C, was recorded in Helsinki.

Owing to the extreme cold, electricity
consumption soared. According to pre-
liminary data, a new peak load (some
9800 MW) was recorded on January 9,
1987. The previous peak load (8900
MW) was in 1985.

Electricity production

Electricity production amounted to
some 46.9 TWh in 1986. Production
amounted for 89% of total consump-
tion, and net imports, which were about
5.8 TWh, covered 11%.

Hydro power production was 123
TWh in 1986. Hydro power covered
26 % of electricity production. In the re-
gulated water courses energy storage
was 29 % higher at the end of 1986 than
usual at the end of the year.

Nuclear power production was
some 18.0 TWh and represented 38%
of total production. All the nuclear power
plants functioned very well, and the
average load factors for Loviisa and Ol-
kiluoto were:

{ oviisa | 9N.0%
Loviisa |l 819%
Olkiluoto | 881%

Olkiluoto | 94.2%

Back-pressure power production to-
talled about 124 TWh, representing
26 % of total production in 1986.

Other thermal power, mainly coal-
condensing power, produced some 4.2
TWh of electricity, which accounts for
only 9% of total production, but during
the next few yearsthere will be amarked
increase in the total amount and share
of coal-condensing power.

Electricity imports from the Soviet
Union were some 4.7 TWh and net im-
ports from Sweden about 11 TWh.

Expansion
In 1986 up to 180 MW of new power

plant capacity was commissioned. The
new power plants include Imatran Voi-
ma's peat-fuelled cogeneration plants
in the towns of Jyvaskyla (80 MW) and
Joensuu (60 MW). Imatran Voima's
other unit at the Naantali power station
was converted into a cogeneration plant
and output dropped from 115 MW to 85
MW.

The main power plants being built at
the beginning of 1987 were a 132 MW
cogeneration plantfired with natural gas
in Tampere, a peat-fired cogeneration
plant of 70 MW in Kajaani andthe indus-
trial back-pressure power plant of 53
MW in Oulu.

In 1986, it was decided that the first
peat-fired condensing power plant
would be built by Imatran Voima atHaa-
pavesi. It is to be completed by the end
of 1989.

In1986, 33 km of 400 kV and 450 km
of 110 kV power lines were built. At the
end of the year 34 km of 400 kV lines
were under construction and 80 km at
the planning stage. An interconnection
line of 220 kV from northern Finland to
northern Norway is under construction,
and commissioning is expected in
1988. Invitations to tender for the Fenno-
Skan line between Finland and Sweden
have been sent out and the equipment
and cable supplier will be chosen
during the spring of 1987.

Electricity prices

The mean retail price of electricity re-
mained unchanged up to the energy
taxation reform on August 1, 1986. The
reform abolished the previous electricity
tax, which was replaced by a turnover
tax on the sales price of electricity. This
led to an increase in the taxation of elec-
tricity and as a result the retail price of
electricity rose by some 10%.

The average real price for retail elec-
tricity has declined by about 40% from

Iceland

1967 even though the real price for retail
electricity rose by 8.5 % during 1986 be-
cause of the energy tax reform. The
average consumer price for household
electricity in multistorey buildings was
42.3 p/KWh on January 1,1987 and in
single-family houses 36.4 p/KWh. The
average consumer price for direct
electric heat was 28.2 p/kWh and for
storage heating 23.8 p/kWh.The taxfree
consumer price for large-scale industry
was 13.8 p/KWh on January 1,1987.

Research and development

A new field of research was how to
extend the service life of old power
plants. As power ptants get old and the
costs of new power plant investments
rise, it pays to renovate old plants andto
keep them in operation. For this reason
two power plantsand a substation ofthe
older "generation” were thoroughly in-
vestigated.

The unaccountable collapse of
some guyed towers in 1985 was investi-
gated. The reason turned out to be un-
derground corrosion. The mechanisms
causing corrosion were studied and
methods were developed making it
possible to detect and eliminate thisrare
corrosion.

A Finnish LIFAC desulphurization
system has been developed over the
last two years. At the beginning of 1986
full-scale tests were started on the sys-
tem.

A wind power plant of 300 kKW was
brought into operation at Kopparnas on
the south coast near Inkoo. It was also
the first wind power plant to be connect-
ed to the electrical network in Finland.

Economic Development

n lceland the year 1986 was charac-
| terized by an economic recovery. The

GNP grew by 6.0% in real terms; by
value of fish products, the country's
mostimportant category of products, in-
creased by 10.0% again in real terms,
and industrial production by 5.0%. In-
vestment remained approximately at
the 1985 level. Unemployment re-

mained low, on the average 0.7 % ofthe
workforce (0.9% in 1985). Perhaps the
most prominent feature of the country’s
economic development in 1986 is the
continued decline in the inflation rate,
which was 15% p.a. at the end of 1986,
compared to annual averages Of
84.3%: 29.2% and 32.5% p.a. for 1983,
1984 and 1985, respectively. The Con-
sumers Price Index rose by 13.0%
during 1986.

Energy Policy and
Legislation

No new laws in the field of energy
were enacted by the Althing (Parlia-
ment) in 1986, and no changes were
made on existing laws. The policy of the
Government regarding utilization of
domestic energy resources, hydro
power and geothermal energy in ener-
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gy-intensive industries remained un-
changed, and the Committee on Ener-
gy-intensive Industries continued dur-
ing the year their discussions with fo-
reign industrial concerns, but so far
without concrete results. Breeding of
salmon smolts in geothermally heated
water is a growing business, which in
the future may constitute a promising.

Electricity Consumption

The gross consumption of electricity
in Iceland in 1986 amounted to 4058
GWh (i.e. including transmission and
distribution losses together with the
power plants’ own consumption); an in-
crease of 5.7% from 3837 GWh in
1985. Of the total production 52.8%
went for power-intensive industries
compared with 52.2% in 1985. Power
intensive industries increased their con-
sumption by 7 %.General consumption
grew by 4.5%, but by 3.8% when ad-
justed for temperature. Total consump-
tion consisted of 3553 GWh of firm ener-
gy and 505 GWh of non-guaranteed
energy.

The Energy Forecasting Committee
published towards the end of 1986 a
new forecast of energy requirements for
space heating in Iceland for the pericd
1986-2015, subdivided by energy
sources. The new forecast envisages a
slower growth in this consumption sec-
tor than a similar forecast from 1980.
The difference is mainly due to a slower
growth in population assumed in the
new forecast than in the previous one,
and to a larger rate of energy conserva-
tion also assumed, especially in areas
without access to cheap geothermat
energy {which by and large means out-
side the Reykjavik metropolitan area,
where geothermal space heating now
costs approximately 41 % of the cost of
oil-fired central heating). The results of
the forecast for Iceland as a whole may,
for the period up to the turn of century,
be summarized as follows:

Electricity production

The total production of electricity in
lceland in 1986 was 4058 GWh com-
pared with 3877 GWh the previous year,
whereof 94.7 % was produced by hydro
(95.4% in 1985), 5.2% by geothermal
(4.5% the previous year) and 01% by
diesel plants; the same proportion as in
1985.

The installed capacity of Icelandic
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public utilities amounted to 922 MW at
the end of 1986. Of this 752 MW were in
hydro-electric plants; 129 MW in con-
ventional thermal plants (diesels; con-
densing turbines and gas turbines) and
41 MW in geothermal plants.
Construction work proceeded in
1986 on the Blanda hydro-electric plant
in the western part of northern Iceland,
although at a somewhat slowed-down
rate since the commissioning date for
the plant has now been postponed from
1989 to 1991 due to a slower growth in
general electricity demand and some-
what uncertain prospects for new
power-intensive industrial consumers.
The Reykjavik City Council decided

skl

in December 1986 to embark upon the
first phase in the construction of a geo-
thermal CHP plant at Nesjavellir, about
27 km east of Reykjavik. This will be the
largest plant of its kind in lceland, and is
planned to yield at least 300 MW of use-
ful heat for space heating purposes and
50 MW of electric power, in back-pres-
sure production. The present decision
only applies to the first phase ofthe ther-
mal plant, with 100 MW of useful heat,
but the timing of electricity production
has not yet been decided. At present
there is substantial excess capacity in
the Icelandic power system, which will
increase further in 1991, when Blanda
comes on stream, unless some new po-
wer-intensive industrial loads have ma-
terialized in the meantime. The Reykja-
vik Municipal District Heating System
will constructthe Nesjavellir plant, which
is intended to meet the increasing
space heating demand in the Reykjavik
metropolitan area, and to relieve the
present production fields, which are
now overpumped.

Electricity prices

The wholesale tariff of Landsvirkjun -
the National Power Company - was
raised by 14% on January 1, 1986, but
was lowered again by 10% on March 1
at the request of the Government as a
part of the Government's economic
measures undertaken to ease negotia-
tions between the partners in the labour
market about a general wage agree-
ment that would not be inflationary and
counterproductive to the Government's
economic policy. On January 1, 1987
the wholesale tariff was raised by 7.5%
after Landsvirkjun had agreed to a re-
quest by the Government to abstain
from a 10% increase. In real terms (i.e.
adjusted for inflation), the wholesale ta-
riff was 17.7 lower on January 1, 1987
than on January 1, 1986, and 32.5%
jower than May 1, 1984.

Due to low price guotations for prim-
ary aluminium throughout 1986, Lands-
virkjun's negotiated power price to the
Icelandic Aluminium Company - the
country’s largest consumer of electricity
- remained down at the 12.5 mUSD/
KWh level through all quarters of 1986,
or at SEK 0.085/KWh at the rate of
exchange effective on Dec 3, 1986.

Another part of the Government's
economic measures undertaken in
connection with the wage agreements
in February was the abolishment of the
Price Equalization Tax on electricity,
which at that time was 16 %. For many
years the PET had been levied on the
sale of electricity to final consumers in
Iceland, with the exception of power-in-
tensive and electric space heating uses.
The purpose of this tax was to reduce
the difference in retail price of electricity
between consumers in remote and ru-
ral areas on one hand, and consumers
in Reykjavik and other centres of popu-
lation on the other hand. This tax had for
a long time been a thorn in the eyes of
many lcelandic utility people, especially
those representing the larger popula-
tion centres, who maintained that this
was an undesirable way to equalize the
price of electricity. They have, therefore,
fought for its abolishment for many
years. The representatives of utilities re-
ceiving means from the PET main-
tained, for their part, that price equaliza-
tion of electricity was a political question,
rather than a utility question, and that it
was therefore up to the politicians to de-
cide the ways by which the means ne-
cessary for the equalization should be
collected.

in order to prevent that the abo-
lishment of the PET would lead to higher
electricity prices in remote and rural
areas, the Althing (Parliament) has now
decided thatthe Treasury shall overtake
a part of the debt burden of the State
Electric Power Works and the Vestfirdir
Energy Company, the two principal re-
cipients of means provided by the Price
Equalization Tax.



Norway

Energy policy

uring 1986 the Storting (the Nor-
wegian Parliament) dealt with a

range of issues of great signifi-
cance for energy policy in future years.
The Storting passed, with few amend-
ments, White Paper number 63 (1984-
85) 'Comprehensive plan for water-
courses’ and White Paper number 89
(1984-85) 'Protection plan Il for water-
courses. The comprehensive plan for
watercourses provides a coordinated
nationwide view and survey of the
undeveloped hydroelectric potential in
Norway and the consequences of
watercourse development for other
user interests. The comprehensive plan
assesses 540 different projects in 310
hydro power projects corresponding to
an average annual power output of at
least 40 TWh. The projects covered by
the comprehensive plan are divided
into 3 categories. Category | includes
projects representing a combined aver-
age of 11 TWh/year, all of which can be
implemented immediately and conti-
nuously to contribute to future energy
supply. Projects which after closer eva-
luation can make a contribution to pow-
er production or some other purpose
are included in Category |l and repres-
entan average of about 7 TWh per year.
Category lll covers projects which have
not been seen as pertinent for power
expansion because they contlict seve-
rely with other consumer interests and/
or involve high construction costs. Work
on the comprehensive plan is expected
to be continued, taking into account
changesin the categorization of the pro-
jects and including new projects that
have not been assessed so far. The first
motion recommending continuation of
the comprehensive plan is expected to
be put before the Storting in 1987.

In contrast to the comprehensive
plan, Protection plan Il only deals with
selected watercourses where the con-
servation interest is particularly great.
including the watercourses which were
previously protected by Protection
plansiand I, 21 TWh are now subject to
permanent protection. Norway's total
hydro power potential is estimated atan
average of 170 TWh per year. As of
January 1, 1987 103 TWh of this has
been constructed, 4.4 TWh is under
construction, licences have been
sought for 122 TWh, and 6.6 TWh is
under planning. Not including perma-
nently protected watercourses, the
remaining potential is 23 TWh. In
accordance with the Storting resolution
relating to Protection plan lll, Protection

plan IV for watercourses is to be pre-
pared.

In its report on energy (Storting
report number 71 (1984-85)) the
Government reviewed the energy situa-
tion in Norway and drafted guidelines
for energy policy up to the year 2000.
The report pays special attention to
developments in domestic demand up

to 1995, with particular emphasis on
electricity demand and the measures
needed to meet it. Energy pricing is
seen as the most important means of
promoting the efficient and rational use
of energy resources, assuming prices
remain relatively flexible. Energy prices
should reflect the cost to society of
developing energy supplies. With
regard to petroleum products and other
energy sources the Government
adheres to a pricing policy in which
domestic prices are based on world
market prices. With regard to primary
energy for general consumption, the
Government is of the opinion that the
costs to society of obtaining new prim-
ary energy should determine prices. As
the expansion of primary energy is capi-
tal intensive, the cost of invested capital,
i.e. the real rate of interest, represents a
significant proportion of the overall cost
of new energy. While it has been normal
in recent years to take 5% as the real

rate of interest for price comparisons,
the Government based its pricing of
new power for general consumption in
1995 on a 6% interest rate. The
demand prognosis in the report was
based on this assumption. The Storting
did not approve this kind of gradual
escalation of pricing criterion and
requested that the matter be further
clarified in the 'mini’ energy White Paper
expected in spring 1987. Further plan-
ning is based on a projected primary
energy consumption of 70 TWhin 1990,
755 TWh in 1995, and 83.0 TWh in the
year 2000. The Storting expressed the
view that the projected levels appeared
low and requested a re-estimate in the
new report. The Storting raised the
figures suggested by the Government
for energy supplies to energy-intensive
industries from 33.2 to 34 TWh in 1990
and from 35 to 36 TWh in 1995. These
higher allocations to industry, the
Government's projected figures for
general consumption, and the neces-
sary margin for uncertainty in demand,
gives a provisional target for the neces-
sary energy supply of 1055 TWh in
1990 and 112.5 TWh in 1995.

A new law on the construction and
operation of district heating plants, The
District Heating Law’ came into effecton
Jan. 1,1987. Alicence will be requested
for construction and operation of district
heating plants over a certain size. Every
district heating plant can be required to
connect to other such plants, provided
that the plant has a heating system
which can be connected and that con-
nection can be made compulsory for
new installations in the area covered by
the licence.

The sharp drop in the price of ail in
recent years has prompted Norway to
introduce reductions in taxation on pro-
duction in the North Sea. As a small
contribution to reducing the amount of
oil offered for sale on the international
market, the oil the State received in lieu
of duty for November and December
was used to establish a contingency
reserve. This reduced oil exports by
around 10% in these months. During
the six-month period beginning on
February 1, 1987 Norway aims at pro-
ducing 7.5% less than the original pro-
duction target. Total production in 1987
is expected to be higher than in 1986.

Electricity consumption

Gross general consumption and
consumption by power-intensive indus-
tries totalled 96.2 TWh in 1986. Thiswas
a reduction of 1.4 TWh from the previ-
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ous year. Consumption has increased
atan average rate of 2.8 % per year over
the last 10 years.

The general consumption of primary
energy supplied by power stations
increased by 1.4% to 66.7 TWh. The
1986 period of high demand was a little
colder than normal and consumption,
corrected for normal temperatures, was
calculated at 65.6 TWh. This was an
increase of 3 % over the corresponding
figure for the previous year.

The growth in general consumption
since the end of the 1970s has been
much greater than expected in the two
most recent Government energy
reports (1980 and 1985). In compari-
son, the temperature-adjusted con-
sumption figure in 1985 (65.5 TWh) was
4.4 and 1.9 TWh higher than in the cor-
responding reports. Because of higher
oil prices, there was a strong shift from
light fuel oil to electricity for room heat-
ing, and in this period the increased
electricity consumption corresponded
to a great extent to the reduction in light
fuel oil consumption. In 1985 this trend
ceased, both because the easiest con-
versions had presumably been made
already and because the price gap be-
tween light fuel oil and electricity had
narrowed. The price of oil continued to
fall throughout 1986, and in the second
half of the year it was cheaper in most
parts of the country to use light fuel oil
than electricity where the necessary
equipment was already installed.

The fact that electricity consumption
continued to grow at almost the same
rate in 1985 and 1986 is presumably
primarily due to the general economic
situation during these years. There has
been rapid growth in the service indus-
tries, and private disposable income
and private consumption have grown at
an unusually rapid rate.

The sales of light fuel oil, converted to
an equivalent amount of electricity, will
probably be 11.3 TWh. The increase is
around 6% on 1985.

In 1986 energy-intensive industry
used 29.3 TWh from power stations,
which was 1.7 TWh less than in the pre-
vious year. Own production and fixed
contracts gave industry an assured
minimum of 30 TWh of primary power.

The most pronounced drop in con-
sumption - over 20 % — was in the che-
mical raw materials industry. The iron
alloy industry went through one of its
worst years, with lay-offs and closures,
and consumption was reduced by
more than 8 %. The market for alumin-
jum and other metals picked up and a
small increase in  consumption
occurred in this sector. The aluminium
industry alone represents about half of
the total energy consumption in the
energy-intensive industries.

Boiler power, i.e power to electric
boilers run in parallel with oil-fired boil-
ers, forms the market for 'reserve ener-
gy'. This market has grown conside-
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rably in recent years. The number of
new electric boilers has been especially
high where the alternative fuel is light
fuel oil and where profitability is conse-
quently highest. Nevertheless, about
60 % of a total boiler market of around 6
TWh annually has continued to use
heavy oil as the alternative fuel. A large
part of this market comes from the wood
processing industry, and is concentrat-
ed in East Norway.

In 1986 2.2 TWh of reserve energy
was supplied to electric boilers — halfthe
figure for 1985. The reason for this relati-
vely low consumption was the generally
high price of reserve energy combined
with low oil prices, which usually made it
cheaper for owners of heavy oil boilers
to operate on oil rather than reserve
energy.

The maximum system load in terms
of domestic consumption occurred on

February 20, and is estimated at 16 658
MW. The maximum load in 1985 was
17 545 MW.

In 1986 electricity represented
45.6 % of the theoretical energy content
of all the energy supplied to consumers
in various forms (net end consumption).
Petroleum products represented 41 %
and solid fuels 13.3% of this net con-
sumption. District heating is not wides-
pread in Norway and represents only
around 0.1 % of the net end consump-
tion.

Electricity generation

Hydroelectric power generation in
1986 amounted to 96.7 TWh. With the
addition of just above 0.4 TWh of ther-
mal energy, total generation was 97.2
TWh. Thisis 6 TWh lower than in the pre-
vious year.

The usable run-off from water-
courses to the power generation system
in the first 9 months of the year was 8 %,
or 7.4 TWh, lower than normal. Heavy
precipitation in the lastquarter, however,
compensated for the shortage earlier in
the year, and consequently run-off for
1086 was normal.

In 1986 primary energy generation
capacity in the Norwegian system was
around 97 TWh, including assumed
figures for imported energy. New instal-
lations increased generation capacity

by about 2 TWh during the year. The
average annual generation capacity for
the system is reckoned at 103 TWh.

Power exchange with neighbouring
countries resulted in record netimports
of 2 TWh. Exports to Sweden amounted
to 1.6 TWh and imports to 4 TWh, and
exports to Denmark amounted to 600
GWh and imports to 150 GWh. 65 GWh
was also imported from the Soviet
Union.

Theincrease in plant capacity (maxi-
mum station output at stations with an
output of 1 MW or more) was 890 MW in
1986 — the most significant new installa-
tions being part of the expansion at Ulla-
Farre, which are now almost complete.
Total plant capacity at the end of 1986
was 24 693 MW, of which 311 MW was
thermal power. Statkraft (State Power
System) owns over 30% of the plant
capacity. A good 50% is owned by
municipalities and counties, and the
rest is owned by private and industrial
companies.

Storage capacity increased by only
0.2 TWh to during 1986. By the end of
the year reserves amounted to 56 TWh,
which corresponds to 76 % of the stor-
age capacity. This is a little higher than
normal for this time of year. By compari-
son, reserves amounted to less than 50
TWh at the start of the year.

Electricity prices

The Statkraft price for general con-
sumption deliveries rose from 15.45
gre/kWh to 16.53 gre/kWh on May 1,
1986. The Storting has passed a further
rise of 10% to 18.20 gre/KWh from May
1,1987.The price isthe 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 farms was 36
are/kWh, including all taxes. Price varia-
tions between the different sectors can,
however, be considerable. The relation
between the highest and lowest prices
is around 3:1. The service sector gene-
rally pays a somewhat higher price for
power than households. The gradated
prices for the whole country in an H-4
tariff, which is the most common, ave-
raged 32.5 ere/kKWh, including taxes,
while the equivalent energy cost with
light fuel oil was around 40 gre/kWh, at
the beginning of the year. However, a
sharp decline followed and the price in
the second half ofthe year was round 25
gre/KWh.

The general electricity tax chargedto
ordinary consumerswas 3.1 gre/kWhin
the first half of 1986 and 3.2 gre/kWh in
the second half of the year. The electric-
ity tax for 1987 has been set at 3.4 ere/
kKWh. The electricity tax for energy-inten-
sive industries in 1986 was 3.1 gre/KWh
and was not changed at the start of
1987. The long-term marginal cost of
general consumption has been calcu-



lated as 30.5 ere/kWh, including value
added tax. A 5% interest rate is used in
the calculations and the money value is
that of January 1, 1986.

National grid

The most important addition to the
grid put into operation in 1986 was the
300 kV Rana-Trendelag line. Work to
meet future transmission requirements
from the Hardanger/Indre Sogn region
to East Norway is complete, and mea-
sures to upgrade the grid are under
way. Transmissions are to be upgraded
in the eastern part of the grid with a new
420 kV line. An assessment of the need
for upgrading in central East Norway
and Oslo is also complete, and the
actual work to expand the grid is under
way. The first job is to install equipment
to control load distribution. Within a few
years some individual existing trans-
mission plants north of Oslo will have to
be upgraded. In the longer term it will be
necessary to install new transmission
equipment here. In addition, further
plans are being made for a 420 kV
upgrade between Ulla-Farre (South-
west Norway) and the Oslo region, to be

W

commissioned in 1989.

The new 220 kV cross-border link
between Porttipahta in Finland and
Varangerbotn in Norway for mutual
power generating exchange is under
construction, and operations are pro-
ceeding according to plan. The linkisto
be completed in 1988.

The biggest power loss (around 900
MWHh) with an individual disturbance in
1986 was caused when a short circuit
occurred in a 300 kV bus after a line-
trap failed and was damaged. The short
circuit also led to several undesirable
300 kV outages and the result was a
break in supply lasting between 50 min
and 5 hours in areas west of Oslo. There
have also been several cases of distur-
bances caused by faults in a SF, plant.
At one particular 300 kV SF; installation
there were 3 busbar short circuits within
3 months. In general, a disquietingly
large number of malfunctions in safe-
guards and equipment were revealed
in rather many of the transmission dis-
turbances.

Miscellaneous
iIn November Norway's first wind-

power-station of modern times was
brought into operation. The plant is
small - 55 kW, and is located on the
island of Fraya off the coast of Trende-
lag. It is a trial project, and the amisto
develop a prototype for combined wind
and diesel-powered operation. Such
units will be suitable for electricity supply
to small island communities.

The use of gas from the Norwegian
Continental Shelf for energy generation
appears to be a realistic source of sup-
clementary power and a future alterna-
tive to continued expansion of hydro
power. Statkraft and the Norwegian
state oil company, Statoil, entered into @
general agreement for delivery of 1 000
million Sm® of natural gas per year for
gas-fired power generation starting in
1991. This corresponds to an annual
production capacity of around 5 TWhin
a 'combined cycle’ plant. Norsk Hydro
has also launched plans for the con-
struction of a slightly smaller gas power
station. During the year opening bids
were received from Norsk Hydro for two
420 MW and a 3 TWh/year gas power
stations, and from Statkraft for one of
700 MW and 5 TWh/year.

Energy policy

uidelines for Swedish energy po-

licy were laid down by the Riks-

dag in the spring of 1985. A brief
resumé of these guidelines, together
with the Government's strategy for the
phasing out of nuclear power, was in-
cluded in last year's Report.

The strategy for rundown of nuclear
power may be influenced by the reactor
accident that occurred at Chernoby! on
April 20, 1986. On May 7, the Govern-
ment asked the Energy Council, which
is concerned with long-term aspects of
electricity production and use, to review
the basic factors concerning the safety
of nuclear power etc,, in the light of the
accident. The Council was asked to as-
certain the causes of the accident and
determine its effects as a matter of ur-
gency. It was also asked to assess how
the accident influenced views on the sa-
fety of Swedish nuclear plants, and to
put forward proposals for greater safety
in Sweden in the event of accidents to
nuclear plants in other countries. The
Council was also asked specially to
investigate the environmental and eco-
nomic consequences of an early shut-
down of the Barseback nuclear power
station on the Swedish west coast.

At the same time, the Government

set up a working party of experts to pre-
pare the necessary material for the
Energy Council's consideration. A pa-
nel of scientific experts was appointed
on June 26 to check the conclusions of
the working party.

In November, the Energy Council
submitted its report on the effects of the
Chernobyl accident to the Government,
hasing it on areport prepared by the Ex-
pert Group for Nuclear Safety and the
Environment, entitled 'After Chernobyf'.
Authorities and bodies such as the Nati-
onal Energy Administration, the Nuclear
Inspectorate, the National Institute of Ra-
diation Protection and the National
Swedish Environment Protection Board,
together with power utilities and com-
mercial organisations, have contributed
to the work of the expert group.

The expert group’s assessment of
the technical risks is that they do not jus-
tify reconsideration of the use of nuclear
power in Sweden.

After receipt of replies from issue of
the report as a consultative document,
the Government and Riksdag will de-
cide in the Spring of 1987 if, and to what
extent, experience from the Chernobyl
accident affects published policy and
strategy for the rundown of nuclear
power.

The accident has resulted in deci-

sions being made concerning three
types of measures. The level of prepa-
redness for dealing with accidents will
be increased, and those affected by ra-
dioactive fallout will receive economic
compensation. Sweden has signed two
conventions, drawn up by IAEA, con-
cerning cooperation with other coun-
tries in respect of help and early infor-
mation in the event of radioactive re-
leases and other accidents. So far, bilat-
eral agreements concerning the ex-
change of information have been en-
tered into with Denmark, Norway and
Poland.

In February, the Government de-
cided that all Swedish nuclear power
plants must take steps to restrict the
emission of radioactive substances in.
the event of severe core accidents. Pre-
viously, this had only applied to Barse-
back. The measures relate to pressure-
reducing devices and filtration plants.

After approval by the Nuclear Power
Inspectorate, the National Energy Admi-
nistration and the National Institute of
Radiation Protection, the Governmentin
March approved the application by the
Swedish State Power Board to replace
the steam generator in Ringhals 2. Atthe
same time, changes to the instructions
given to the Swedish State Power Board
emphasised the Board's responsibility
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for the rundown of nuclear power.

During the autumn, the Riksdag
passed legislation forbidding the con-
struction of nuclear power reactors. Pre-
parations with the objective of building
new reactors within the country were
also made an offence. This legislation is
not intended to impede technical deve-
lopment work, e.g. in order to improve
the security of Swedish reactors or Swe-
den'’s participation in joint international
nuclear power work.

In January, the Electrical Energy and
Indigenous Fuels Commission (ELIN)
published its repor, entitled 'Ways to
More Efficient Use of Energy (SOU
1986:16).

In connection with its decision on
Ringhals 2, the Government instructed
the National Energy Administration to
work together with manufacturing in-
dustry and the power utilities to investi-
gate energy conservation and rational
use of electrical energy, and to investi-
gate on behalf of the Electrical Energy
and Indigenous Fuels Commission the
reasons for the substantial increase in
consumption of electricity in recenttime.

During the spring, the National Ener-
gy Administration was asked by the Go-
vernment to monitor implementation of
the Riksdag's earlier decision concern-
ing expansion of hydro power generat-
ing capacity to 66 TWh/year. An interim
report was published in December
1986.

The oil substitution programme that
was initiated after the 1973 and 1979
energy crisis was replaced during the
year by a programme for development
and introduction of new energy techno-
logy. In connection with the change,
support was expanded from being in-
tended solely to assist in the substitution
of oil fuels to encourage development
and introduction of new technology
contributing to more efficient energy
systems with reduced environmental
impact.

Faced with the rundown of nuclear
power, it is important that best use is
made of the potential for power genera-
tion in backpressure plant. On behalf of
the Government, the National Energy
Administration has investigated the po-
tential for industrial back-pressure ge-
neration and combined heat and power
generation. A special report on small-
scale heat and power generation has
also been presented.

After inauguration of the Sydgas pro-
jectin the summer of 1985, extension of
the natural gas distribution system has
continued. Work is in progress on ex-
tending the main line from Helsing-
borg to Gothenburg (the Sydgas 2/
Vastgas 1 project), and had reached
Falkenberg by the end of the year. The
main distribution line is owned by
Swedgas AB, which is also responsible
for the import of natural gas. Swedgas
AB is a subsidiary of the Swedish State
Power Board. During 1986, Shell, Statoil
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and DONG together acquired 40% of
the shares of Swedgas AB.

A company concerned with deve-
lopment within the wind power sector
has been formed, owned jointly by the
Swedish State Power Board (50 %), the
South Swedish Power Company (25 %)
and other member companies of the
Swedish Power Association (25 %). The
company intends to build a medium-
sized wind power plant and to prepare a
concept study for a power plant of 2-3
MW.

in April, the Energy Research Com-
mission published its report entitled
'Proposal for a Programme for Re-
search and Development within the
Energy Sector (SOU 1986:31). The
present programme is due to be con-
cluded during the 1986/87 budget year,
and it is the intention that a new energy
research programme should be pre-
sented during the spring of 1987.

Several research projects are in pro-
gress concerned with possible health
hazards associated with electric and
magnetic fields in the vicinity of power
lines.in afirstinterim report, the National
Energy Administration, which has been
given responsibility for monitoring de-
velopment, states that results so far ob-
tained do not justify stricter regulations.

The 1985 Strategic Energy Planning
Commission has published its proposal
for strategic supply arrangements within
the fuel and transport fuel sector during
the period from 1987/88 - 1991/92
(SOU 1986:42). The Government's de-
cision on this is expected in the spring of
1987.

InJune, the Riksdag decided toraise
the energy tax on certain fueis from Ja-
nuary 1, 1987. The tax on oil was raised
from SEK 411 to SEK 610/m3, that on
coal from SEK 140 to SEK 305/tonne,
and the tax on industrial LPG from SEK
125 to SEK 185/tonne. The tax on natu-
ral gas will remain at SEK 308/1000 m?.

The Government has justified these in-
creases in taxation by pointing out that
the benefits of investments intended to
reduce dependence on oil should be
retained, even with afalling oil price, and
that the benefits of the low price of oilon
the trade balance will be negated if priv-
ate consumption is allowed to increase
too much. it was proposed that the hig-
her levels of tax would also apply to
those sectors of industry entitled to a re-
duction in energy tax.

The Riksdag decided, however, in
connection with the increase in tax on
coal, that dispensations should be avail-
able for coalfired combined heat and
power plants for district heating supply,
and that the building materiais industry,
which is a major user of coal, should
also be exempted from the new tax.

In the autumn of 1986, the Riksdag
passed a Natural Resources Act (NRL),
intended to provide a means of control-
ling conservation of ground and water.
The new law replaces the 1972 guide-
lines for physical area planning, and the
earlier rules in planning law concerning
Government approval of certain indus-
tries and energy plants. As far as fossil-
fuelled plants are concerned, the requi-
rement for Government approval has
been lowered from 500 MW to 200 MW.
A list of protected lengths of rivers and
water areas has been complemented
with new waterways, including the Rane
River.

A new Ministry, the Ministry of the En-
vironment and Energy, was established
on January 1st, 1987.

Consumption of
electrical energy

The total consumption of electrical
energy in Sweden in 1986, including
transmission losses, amounted to 129.0
TWh. Compared with 1985, this repre-
sents a reduction of 2.1 TWh, or 1.6%.
Consumption rose by 9.3% between
1984 and 1985, and by 8.4 % between
1983 and 1984.

Of the total consumption of electrical
energy, 2.3 TWh (5.3) consisted of inter-
ruptable supplies to electric boilers (in-
cluding transmission losses). Primary
electrical energy consumption within
the country was thus 126.7 TWh, which
is 0.4 TWh or 0.4 % higher than in 1985.
Consumption (excluding the use of
energy to electric boilers) rose by 11%
between 1984 and 1985. The reduction
in the growth rate was due to milder
weather conditions, a stagnation in in-
dustrial output and lower fuel prices.

After conversion to standard tempe-
ratures and standard economic condi-
tions, the following values were ob-
tained for primary electrical energy con-
sumption:

1983-84 + 7.0 TWh (6.6 %)
1984-85 + 6.5 TWh (5.7 %)
1985-86 + 3.5 TWh (29%)



During 1986, industrial consumption
of energy amounted to 47.7 TWh, which
is 0.1 TWh or 0.1% less than during
1985. A declining trend in consumption
has been evident during the second half
of the year. The increase from 1984 to
1985 was 3.4 %.

Of the total consumption of electrical
energy by industry, 0.6 TWh consisted
of interruptable supplies to electric boil-
ers. Excluding these, the increase over
the year rose to 1.1%.

Sectors that exhibited percentage
increase in consumption of electricity in
comparison with 1985 are the engi-
neering industry (excluding ship-build-
ing) with 4 %, and the chemical industry,
with 3%. The iron, steel and metal in-
dustries experienced areduction of 7 %,
or 0.6 TWh. Also textile- and non-metall-
ic mineral products industry had less
consumption of electrical energy. Other
industrial sectors returned aimost un-
changed consumption figures.

Consumption of electrical energy by
the railways and tramways was essen-
tially unchanged in comparison with
1985, i.e. 2.6 TWh.

Consumption within the residential,
service, public heating supplies sectors
etc. amounted to 68 TWh, of which 1.7
TWh was in the form of interruptable
supplies to electric boilers. Compared
with 1985, total consumption of electri-
cal energy within the sector was down
by 1.5TWh or 2.2 %. Supplies to electric
boilers were reduced by 2.0 TWh.

The peak 1-hour demand during the
year was 23 864 MWh, and occurred on
January 17, between 8.00 and 2.00 in
the morning. This value is somewhat
lower than the peak reached in 1985.
The weighted mean temperature on
that day, with allowance for the geogra-
phical distribution of electric load, was -
17.5C°, rather more than 12 degrees
below the normal value.

Electric power supply

Electricity production within the
country, with deduction for the utilities’
internal consumption, amounted to
133.6 TWh during 1986, which is 1.0
TWh (0.7 %) more than in 1985. Hydro
power production amounted to 59.8
TWh, representing a decrease of 10.3
TWh (15%) in comparison with the re-
cord level of the previous year. Normal
production is 62.1 TWh.

The storage level of all regulation re-
servoirs was about 74 % at the begin-
ning of the year and about 71 % at the
end of the year, equivalent to a stored
energy quantity of 24 TWh. The highest
storage level was reached at the begin-
ning of November, at which time it was
about 819, slightly above the mean le-
vel. Annual inflow to the reservoirs ex-
ceeded the 30-year mean value for the
period from 1950-1980 by 4 %. The vo-
lume of the spring floods was greater
than normal, while inflow during the

summer was low.

Production of nuclear power during
1986 amountedto 67.0 TWh, represent-
ing an increase of 11.1 TWh (20%) over
1985. Nuclear power accounted for
50.1% of the country’s total electric pow-
er production.

In terms of operations, 1986 was an
excellent year for Swedish nuclear pow-
er: almost as good as 1985, which has
been the best year to date. Practically all
production cost and safety targets have
been exceeded, and very few forced
shutdowns have interrupted operation.
Mean energy availabilty was 849,
which should be compared with the
world-wide average of 70% for light
water reactors. The highest availability
of the Swedish reactors, 93 %, was not-
ed by Forsmark 1 and 2. Ringhals 2 re-
turned the lowest value, with an energy
availability of 57 %.

Back-pressure production amount-
ed to 6.2 TWh, which is 0.4 TWh (8%)

higher than during 1985. Power pro-
duction in condensing power plants,
gas turbines etc. amounted to 0.7 TWh,
compared with 0.9 TWh during the pre-
ceding year.

Fossil fuel production plant supplied
5.1 % of the country's total power pro-
duction, which was approximately the
same as during 1985.

imports of electric power during
1986 amounted to 1.8 TWh, as against
5.1 TWhin 1985. Exports were 6.5 TWh,
0.2 TWh less than the previous year. Ex-
changes of power with Sweden's
neighbours thus resulted in a substan-
tial export surplus of 4.6 TWh, which
should be compared with the smaller
surplus of 1.5 TWh during the previous
year.

Installed capacity in hydro power
stations increased during the year by
about 122 MW. The largest new plant
was in Laxede on the Lule River (70
MW), and Bjarna and Gidea River (17
MW and 18 MW respectively).

During the year, approval was grant-
ed for the installed capacity from Fors-

mark to be increased. Output from the
three units has been increased by a totall
of 126 MW. At the end of the year, total
net output from Swedish nuclear power
plants amounted to 9591 MW. Output
from Barseback will be increased by 45
MW from January 1987. No larger con-
ventional thermal power plants have
been built during 1986.

Electricity tariffs

At present, the Swedish State Power
Board has a continuing contract period
for supplies to high-voltage consumers,
running from 1984 to 1988, while the
South Swedish Power Company has
had a one-year contract during 1986.
High-voltage tariffs for the State Power
Board's consumers have increased by
4% during 1986. The corresponding in-
crease for the South Swedish Power
Company’s consumers was somewhat
over 5%. Tariff trends from other power
utilities have been similar. Inflation was
3.2%.

Low-voltage tariffs were increased
on January 1, 1986 by 4% by the State
Power Board and by 5% by the South
Swedish Power Company.

The energy tax on electrical energy
has remained unchanged during 1986.
At present, industries consuming more
than 40000 KWh/year pay 5 ére/kWh.
The tax for other consumers is 7.2 Ore/
kWh, except in certain parts of nothern
Sweden where it is reduced 1o 6.2 6re/
KWh.

As before, the Government can pro-
vide dispensations from case to case for
reduction of energy tax to 1.5% of the
sales value of the manufactured pro-
ducts for certain industrial manufactur-
ers using electrical energy, fuel oil and
solid fuels. During 1986, interruptable
supplies to electric boilers were exempt
from electrical energy tax during times
when electricity was not being gen-
erated in oil-fired power plants.

The national grid and
international links

Work has started, in part of Koppar-
berg county, on the first stage of replac-
ing five of the six 220 kV transmission
lines from northern to central Sweden
by two 400 kV lines. The first 400 KV line
is due for completion in 1990, with the
second following in 1996.

Various reinforcement measures
have been applied, and further are in
progress, to a number of lines and
switching/transforming stations in order
to increase load-carrying capacity and
security against short circuits.

A new international link between
Eidskog in Norway and Charlottenberg
in Sweden was commissioned in May
1986, with a power flow capacity of 100
MW in each direction. This line is intend-
ed primarily for local power inter-
change.
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Introduction

atural gas is a major energy raw
material representing ca. 20%
of the world’s primary energy. In
1984 a total of almost 1600 billion cu.m.
(Gm3) was used, divided roughly into
three between the United States, the
Soviet Union and the rest of the world.

Figure 1 shows that the largest re-
sources of natural gas are in Siberig, the
Middle East and North America. There
are also considerable deposits in Eu-
rope, Africa, South-East Asia and South
America. The natural gas is mainly used
in the producer countries. Exports ac-
count for 13% of total production.

In Western Europe, the use of natural
gas gathered momentum when Dutch,
British and later Danish and Norwegian
gas deposits were discovered in the
North Sea. Natural gas comprises ca.
15% of primary energy, i.e. ca. 200 Gm?
in 1984. Consumption increases relati-
vely slowly.

Denmark hasits own gasfields inthe
North Sea. Production was started in
1984. The gas is used partly for home
consumption and partly for export.

Finland has no natural gas re-
sources but was nevertheless the first
Nordic country to use it, in 1974. Natural
gas is imported from the Soviet Union.

Norway has the biggest natural gas
deposits in Western Europe but it is still
not used in the country itself. Production
got under way in 1877, since when all
the gas has been exported to the Con-
tinent and to Great Britain. Norway is the
world's third largest exporter of natural
gas.

Sweden has no natural gas re-
sources of its own, but drilling is at pres-
ent under way on a deep gas project.
Sweden started using natural gas in
1985:(. This gas is imported from Den-
mark.

44

Sales
Gm3/year

3.5

. Unconfirmed depasits
+= of natural gas
\v Confirmed deposits of

natural gas

|

\

36600%%, l
"‘;';-:‘ ._\.“-‘

1.0Y

o5f

INDUSTRY

OTHER

1986

1990 2000 2005 YEAR




ias in the
ountries

Sales
Gm?/year
30 T — ]
~ —
25 [ R N
[ ‘\. rll I'\,fr A -
[ vV \ r |
/ \ 4 [
JI ~
20 / GREAT BRITAIN \\ // L
.'rl ‘I'\ ,-/,/ '
154 | /. oo U W
f / \"‘\\‘_. ,r/ "\\ ,-"‘""/ —
T Ve
10 FEDERAL GERMANY ,/
P~ b s i _“‘-\__ o :
i 5 o ~—_FRANCE —y
] / ol e W -
: BELGIUM SN e
NETHERLANDS e
o Y T L] T L5
1976 1980 1985 1990 1995 2000 2005 yeAR

Figure 1 The world’s natural gas resources in billion cu.m (Source: Petroleum Economist,

1984)

Figure 2 Forecast expansion of the Danish natural gas market

Figure 3 Forecast sales development of Norwegian natural gas

Natural gas resources and
delivery terms

Natural gas is found in separate
fields but is also found where there are
oil deposits.

Figures are available on the volume
produced, confirmed reserves and po-
tential further resources. By confirmed
resource is meant detected or reliably
demonstrated volumes that can be ex-
ploited commercially using available
technology. Rising gas prices and im-
proved extraction methods may in-
crease reserves. Potential further re-
sources include deposits not confirmed
by reliable methods and those where
there is greater doubt whether they can
be extracted.

Denmark

The Danish natural gas deposits are
situated under the Continental Shelf, ca.
200 km West of Esbjerg. The largest
field is Tyra. Since start-up in 1984, natu-
ral %as production has reached over 3
Gm?®. Output has increased rapidly and
will reach a level of 2.5 Gm?® per annum
in 1987.

According to the Danish Energy
Agency, confirmed reserves amount to
90 Gm?®, which means that an annual
production volume of 25 Gm? can be
maintained for nearly 40 years. Uncon-
firmed further resources are reckoned
to be twice the size of the confirmed
reserves.

Norway
Deliveries from the Norwegian part

e ————mea———————————————

of the Continental Shelf started in 1977.
Up to 1980, production grew until it
reached ca. 25 Gm?® per annum and
has been fairly steady since then. From
about 1990 onwards gas deliveries will
gradually decrease to about 15 Gm? per
annum. This decline will be short-lived,
however, and by 1993 deliveries will in-
crease once more to regain the level of
25 Gm? per annum by the turn of the
century. This increase is linked to the
recent agreement on deliveries of natu-
ral gas to the European Continent from
the Troll and Sleipner fields.

The agreement involves sales to
buyers on the European Continentof ca.
one third of the total 1200-1300 Gm?
from the Trollfield and ca. 200 Gm3 from
the Sleipner field. It is planned to in-
crease production to 19.3 Gm? per an-
num at the turn of the century. Invest-
ments for the projected development,
including  transportation  systems,
amount to ca. NOK 60 billion at 1986
price levels. The projectthus calls for ex-
ceptionally large financial investment
and constitutes an enormous technolo-
gical challenge. The option of extending
deliveries up to 35 Gm? per annum has
been left open.

Confirmed Norwegian natural gas
reserves which can be extracted profi-
tably Using available technology are so
great that it should be possible to main-
tain the present production of ca. 25
Gm? per annum for 115 years.

According to the Norwegian Petro-
leum Directorate, confirmed reserves
amount to the following approximate
figures:

ievalopment
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Various ways of developing the gas
deposits at Haltenbanken are being as-
sessed. Because of the limited size of
the field, its remoteness from traditional
gas markets and the great depth of the
sea, careful coordination will be neces-
sary and measures will have to be intro-
duced to reduce costs if the resources
are to be optimally exploited. At present
itis estimated that gas may be available
from the area around 1995. Electrical
power production for the Nordic market
is one of the options being looked into.
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Estimates for the extraction of gas
from the Tromseflaket cast doubt on its
profitability with present day prices and
technology. Itis considered unlikely that
this will be developed before the turn of
the century.

The Swedish deep gas project

The conventional theory is that oil
and gas are formed through the break
down of organisms, plants and animals
that lived several hundred million years
ago. The conversion has taken place
slowly under the influence of pressure
and high temperatures.

According to the 'deep gas theory’,
methane was formed under high pres-
sure and temperature and released
from the depths of the earth to collect in
the earth’s crust at places where the
conditions are favourable. This process
has been going on ever since the world
began. This theory is supported by the
large guantities of methane observed
on planets with no biological life.

Gas is light-weight and tends to rise
through the cracks in the rock. A tight
rock layer may actas a cap and prevent
its escape. Porous rock under a cover
may form a reservoir for gas. If the reser-
voir is sufficiently large, extraction may
be economically viable.

The Swedish State Power Board has
been studying the possibility of applying
the deep gas theory since 1982. Even-
tually the Silja ring, ca. 250 km north
west of Stockholm, was chosen as the
most likely spot for further investigation.
[t was here that Europe’s biggest known
meteorite fell, and could have created
an area of crushed bedrock likely to
form reservoirs.

A drilling rig was acquired and drill-
ing started on July 1, 1986.

In parallel with the drilling, extensive
sampling and measurements are being
carried out.

At the turn of 1986/87 drilling had
reached a depth of ca. 5 km but no
commercial deposits had been disco-
vered. It was decided to use the drilling
equipment to full capacity and go down
to a depth of ca. 7.5 km.

Delivery terms for natural gas

The extraction and transportation of
natural gas from source to consumer
calls for huge investments. Transac-
tions involving gas are typified by long-
term agreements, often covering pe-
riods of 20-25 years. There are few
parties involved on either the selling or
buyer sides.

The price of natural gas is deter-
mined internationally according to mar-
ket considerations, whereas, generally,

46

Existing pipeline

Projected pipeling

« « Pipeline under discussion

Larger gas deposit



Nordel 1986

Branch
pipeline

i Main

pipehne

Figure 4 The drilling tower ag Gravberg

Figure 5 The Nordic natural gas system including projected networks and extensions still

under discussion

Figure 6 Schematic diagram showing a natural gas pipeline system

in the energy industry pricing is deter-
mined by cost structure. A price which is
competitive from the user's point of view
may be taken as a starting point, and the
requisite transportation and storage
costs within the country concerned are
subtracted. This provides a basis for cal-
culating what price the recipient country
can pay. The real price is then deter-
mined through negotiations.

The price of natural gas is usually
tied to price developments in compet-
ing forms of energy, primarily oil. It now
seems o be accepted, too, that interna-
tional agreements must be renegotiable
if there are major changes in the com-
petitiveness of different forms of energy.
The gas industry considers that through

such measures it will be possible to
maintain competitiveness on the ener-
gy market in the long term.

Apart from price, important sections
of gas contracts cover total volume, load
factors and the length of the agreement.
Contracts also contain outlines of how
the deliveries are to build up at the be-
ginning of the agreement and how they
are to fall off at the end.

To reduce the cost per energy unit,
fairly steady extraction is necessary, and
this is expressed in the demand for a
high load factor. A recipient country can
affect the load factor by allowing pres-
sure in the high pressure system todrop
during low load peaks. Even greater
control is achieved by having some

load units that can be switched off, by
having load units that are only turned on
during low load periods, and by seas-
onal storage. in Denmark they use
washed salt quarries for storage and in
Sweden they are considering storage in
deep, underground rock chambers.
The best results are obtained if export-
ing and importing countries get together
to optimize the load equalization.

In natural gas agreements, the seller
undertakes to maintain a specified qual-
ity and specified pressure.

Transportation of
natural gas

Natural gas is usually transported
through pipelines and, under high pres-
sure, can be carried great distances.
Very extensive tranportation systems
have been in use for many years, e.g. in
North America and Europe.

Following development work done
in the past few years, Finland has an
extensive network of main pipelines
covering the southern parts of the coun-
try. In the course of a short time Den-
mark has built up a network of main pi-
pelines covering, in principle, the whole
of Denmark with links to Sweden and
West Germany. Norway has sturdy un-
derwater pipelines to Great Britain, West
Germany and the Norwegian mainiand.
In Sweden the first sections of a pipeline
system are in use in the southern part of
the country, and construction work is
going on to extend it to Gothenberg.
Figure 5 shows the present extent of the
pipeline system as well as projected ex-
tensions and development under dis-
cussion.

The most important form oftranspor-
tation for natural gas other than through
a pipeline is in the form of LNG (Lique-
fied Natural Gas).

One potential way of transporting the
energy is to convertthe gasto electricity
which is then transmitted via electrical
supply lines.

The main pipeline and the distribu-
tion mains are of rust-proof steel piping
which on land is laid directly in drained
earth and at sea is encased in concrete
for protection and anchorage. Com-
pressor stations are built beside the pi-
pelines to drive the gas onwards. Up to
now, however, they have been driven at
30-35 bars in the Nordic countries. To
allow repairs, etc., pipelines are divided
into sections with cut-off valves.

The gas volumes are measured on
arrival at the receiving station where
pressure is also reduced to a level suit-
ed to the distribution network, usually 4-
16 bars. A strong, evil-smelling sub-
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stance is also added to the gas to warn
of leakages in the low-pressure net-
work.

From the receiving station, the natu-
ral gas is dispatched via distribution
mains to large gas users, e.g. industries,
which need higher gas pressures than
small users, e.g. residential areas. The
distribution mains also feed reducer sta-
tions where the pressure is further re-
duced before being fed into the distribu-
tor line and power circuits. The piping
used in the distribution mains and the
distributor networks are usually of po-
lyethylene and are 30-200 mm in dia-
meter. Service lines to domestic users
are usually 25 mm in diameter and often
have an excess pressure of only 01
bars. Gas supplies are measured both
at the receiving station and at the indivi-
dual user's.

Transmission through pipelines in-
volves practically no loss. The only
energy used is that needed for the com-
pressor, receiving and control stations.

The transportation of natural gas by
pipeline has little effect on the environ-
ment. Land usage is substantially less
than for electrical cables, for example.
As the pipelines are normally laid un-
derground, they have no effect on the vi-
sual environment, though in forested
areas a passage must be kept clear
above the pipeline.In arable land, on the
other hand, the encroachment is quite
unnoticeable because there is no res-
triction on using the ground above the
pipeline.

Liquid Natural Gas (LNG)
transportation

The possibility of LNG arises where
large quantities of energy have to be
transported and there is no alternative.
The costs of terminals at both ends are
very high. LNG is transported in special
ships constructed to withstand tempe-
ratures down to at least —161° C, which
is the condensation point of methane,
the main component of natural gas.

Of the world's total natural gas con-
sumption in 1984, ca. 3% was convert-
ed to LNG. In the Nordic countries it is
principally for the deposits beyond and
north of the northernmost part of Nor-
way that the guestion of transporting na-
tural gas in the form of LNG arises.

Transportation after conversion to
electricity

Where relatively small quantities of
energy have to be transported from
fields that are not linked to an existing
transportation system, transmission in
the form of electricity may be an interest-
ing alternative.
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Figure 7 Laying a natural gas pipeline in forested ground

For large quantities of energy and
long distances, high voltage direct cur-
rent (HVDC) may be considered. This
also applies in sea to shore transporta-
tion when the electricity production
takes place on an offshore rig. In other
casestransmission by alternating circuit
is probably a better choice. Another op-
tion is linking up to existing electricity
networks.

The market situation
for natural gas

Organizational structure

fn Denmark, gasis extracted by Dan-
ish  Underground Consortium, DUC,
which is owned by A.P. Mgller, Shell and
Texaco. DUC sells its entire output ex
production rig to the state-owned com-
pany D.ON.G. A/S, owners of the whole
of the now completed mains network,
who resell the gas. Retail distribution is
handled by the regional municipal
companies.

In Finland the State-owned oil com-
pany Neste buys gas from the Soviet
Union, and builds and maintains the
main and regional pipe networks. Neste
sells gas to major industries, major pow-
er stations and to power stations. Retail
distribution is handled by the municipal
power stations.

Most of the international oil compa-
nies have a hand in the extraction of gas
from the Norwegian Continental Shelf,
Three Norwegian companies also parti-
cipate, the State-owned Statoil, the semi
State-owned Norsk Hydro, and the priv-
ate company Saga. By order of the Nor-
wegian government, Statoil has hold-
ings in all gas fields and plays a coor-

dinating role in the selling of natural gas.
Statoil also bears the main responsibility
for the Norwegian main pipeline net-
work,

Swedegas AB, in which the Swedish
State Power Board is the majority share-
holder, handles gas imports to Sweden
and owns the main pipeline. Other part
owners are Statoil, Shell and DONG.
Coordination in southern Sweden is ta-
ken care of by Sydgas Ab, a semi-State-
owned regional company in which
Sydkraft and the larger municipalities
concerned also have holdings. On the
West Coast there is a regional compa-
ny, Véstgas Ab, owned by Swedegas.
Local distribution is handled by the mu-
nicipal energy companies and/or the
regional gas companies.

The properties
of natural gas

The properties of gas are associated
with its chemical composition. Natural
gas is a mixture of various hydrocar-
bons with methane as the main consti-
tuent. The methane content of Danish
and Norwegian gas is ca. 90 %, the re-
maining 10% being heavy hydrocar-
bons. The methane content of Soviet
gas is ca. 99%. The gas also contains
small quantities of carbon dioxide, nitro-
gen and sulphur with traces of metals.
Natural gas contains very small quanti-
ties of impurities compared with other
fuels. The enerq;/ content of natural gas
is 10-11 KWh/m?® at atmospheric pres-
sure. The low energy density compared
with oil means that storage of natural
gas is expensive.

Natural gas is non-poisonous. It is
lighter than air and rises when it leaks. A
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mixture of air and natural gas can under
certain circumstances be explosive.

With few exceptions natural gas can
be used for all kinds of combustion. As
an energy form, gas simplifies the de-
sign of combustion appliances and is
easy to regulate.

Official requirements
for natural gas

The requirements made by the au-
thorities for natural gas are mainly con-
cerned with safety and the environment.
Collective safety regulations have yetto
be established for the Nordic countries
and each sets its own conditions.

The authorities can influence the
market situation for natural gas through
the structure of energy taxation.

Use of natural gas

Use of natural gas in the Nordic
countries in 1986 amounted to 2.6 Gm?®,
distributed as follows:

Denmark 1.2 Gm?®

Finland 1.2 Gm?®

Norway 0 Gm?

Sweden 0.2 Gm?®

Percentage distribution over differ-
ent user groups was as follows:

Gas used for electricity production in
Denmark and Finland is included under
industry and district heating.

in Denmark DUC has reached the
planned production level of 2.5 Gm?® per
annum, 0.2 Gm? of which is exported to
Sweden and 0.6 Gm?to West Germany.
Actual developments indicate that dis-
tribution will be greater than originally
anticipated. By the year 200 it is estimat-
ed that consumption in Denmark will be
ca. 2.3 Gm?. Development among the
various user sectors is shown in Figure
2.

In Finland, consumption in 1987 is
expected to reach 1.6 Gm?, an appreci-
able increase over earlier figures which
is attributable to the extension of the pi-
peline system during 1986. By the year
2000 consumption is expected to in-
crease to 2.5-3.0 Gm®. During recent
years natural gas has accounted for 3%
of energy consumption and at the turn
of the century will probably represent

10%. Industry's share will drop, while
that of district heating will increase. The
proportion used for electricity produc-
tion will probably remain unchanged.

In Norway large-scale electricity pro-
duction using natural gas is planned for
introduction during the first half of the
1990s. Later, other markets may also be
developed, initially in Eastern Norway.

in Sweden an agreement was con-
cluded at the turn of 1986-87 for deliv-
ery from Denmark to the West Coast
area of 200 milion m® (Mm® per an-
num with the option of further deliveries.
In 1987 the main pipeline is already
completed up to Falkenberg, and will
reach Gothenburg in 1988. The pattern
of consumption is expected to be much
the same as in 1986. In central Sweden,
from Gothenburg up towards Stock-
holm and Géavie, preparations are under
way for the introduction of natural gas.
This area represents about half the
Swedish energy market and predictions
point to a possible initial market volume
for natural gas of 700-900 Gm? per an-
num. Swedegas's target is to reach
Central Sweden in 1992 at the latest.
Distribution to district heating and com-
bined power and heating plants would
increase the market considerably, as
would large-scale gas-based electricity
production to replace nuclear power.

Natural gas can even be used asfuel
in motor vehicles. This is being done in
some countries. An entirely new appli-
cation is the use of a natural gas-po-
wered combustion engines for running
heat pump compressors.

In industry, natural gas can be used
as a raw material in certain processes,
for example in producing methanol and
ammonia, or as a reduction agent in the
production of iron sponge.

Natural gas for electricity
production

The first requirement for natural gas
for use in electrical power supplies is
that it is accessible and competitive
compared with the alternatives.

To convert existing power stations to
natural gas requires only minor invest-
ment in new burner equipment. Other-
wise the decision will rest on a fuel price
comparison revealing a relatively low
acceptable price for gas.

For new power stations gas firing ge-
nerally means considerably lower costs
for equipment than with competing so-
lid fuels. This is because in gas power
stations the equipment for fuel handling
is considerably simpler, smaller boilers
are required, and possibly different, less
expensive technology. In this case the
acceptable gas price will be higher.

Incorporation of the completed gas-
fired power station into the energy sys-

tem depends on the running costs com-
pared with other forms of energy. Relati-
vely high fixed costs and low running
costs allow high capacity uptake in
power stations.
The environmental aspects of gas -
it is practically free of sulphur and trace
elements and has a low nitrogen con-
tent - make it attractive as a fuel for elec-
tricity production. No less important is
public opinion, which is often strongly
opposed to new production units and
would probably accept gas-fired power
stations more easily.
Sinking oil prices and the consequ-
ent decline in the price of gas during
recent years have made natural gas a
more attractive alternative power station
fuel. Gas from fields that are remote
from existing markets and transporta-
tion systems may be of particular inte-
rest for electricity production.
There are various ways of localizing
natural gas-based eletricity production.
eProduction at or immediately adjacent
to a gas drilling platform, transmission
ashore by cable and from there by
power cable

e Production at the shore site and trans-
mission by power cable

eThe gas is transported to the consum-
er area in pipelines where it is used for
electricity production and other pur-
POSES.

The following is a short summary of
the different types of power stations suit-
able solely for gas firing under Nordic
conditions.

Technical solutions

In its simplest form a gas turbine
plant consists of a generator coupled to
a gas turbine. Investment costs are low,
SEK 2000-3000/KW. The plant is com-
pact and quick to build. On the other
hand its efficiency ratio is only in the re-
gion of 30 %, which means that running
costs are high. Consequently the plant
is best suited for peak periods and re-
serve power production.

Gas fired conventional condensing
power stations require considerably
greater investments than gas turbine
power stations, ca. SEK 500-5500/kW.
The efficiency ratio of a condensing
power station is, on the other hand,
substantially greater, ca. 40%. For this
reason condensing power stations are
more suitable for base-load production.

A gas ‘combi’ power station (com-
bined cycle process) IS ait even more
economic solution than the gas fired
condensing power station.’'Combi’ sta-
tions consist of a combination of gas tur-
bine and steam power plants. The ins-
tallation may also be equipped with
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afterburners. The investment required 1S
ca. SEK 4000-4500/kW. The overall ef-
ficiency ratio of the plant is 45-50%.
‘Combr power stations are the optimum
solution for base-load production using
gas.

All of the above processes can also
be used for combined electricity and
heating production, both in industry and
for district heating purposes. This will in-
crease the efficiency ratio to 80-90%.
Particularly for smaller plants, a diesel
power station with a waste heat boiler is
a possible alternative.

For a given heating requirement, a
‘combi’ gas installation can generate
twice or even more of the electricity pro-
duced by a steam process. In Finland
there is a ca. 150 MW power station of
this type at Mertaniemi, Lappeenranta.

If the contract calls for a constant
supply of gas throughout the year, this
will have repercussions on the regula-
tion of the electrical system. To achieve
a steady gas output and electncity pro-
duction adjusted to load, large gas stor-
age facilities can be constructed. Ano-
ther possibility is to have power stations
in which gas is supplemented by other
fuels, the so-called bivalent operation.

Gas power stations in the Nordic
countries

In Denmark three coal/oll fired pow-
er stations have been converted to gas
firing. The stations concerned are Kynd-
byvaerket (condensing) 265 MW, Fyns-
vaerket, 285 MW, and Svanemollevaer-
ket, 135 MW, (the last two combine pow-
er and heating). In addition extensive
work is going on at a number of smali-
scale power and heating stations for na-
tural gas.

In Finland there were about ten pow-
er stations using natural gas as fuel in
1986, with a total output of ca. 650 MW.
Some of these were originally built for
gas firing, while others were previously
oil fired and have been converted to
gas. Besides the Mertaniemi ‘combr
process power station at Lappeenranta
which produces ca. 150 MW and has in
addition a 34 MW gas turbine, the larger
plants in operation are a 155 MW con-
densing power station at Mussalo, near
Kotka, and a 40 MW gas turbine power
heating station In Lahti. Natural gas
based electricity production n 1986
amounted to 1.7 TWh. It has also been
decided to build three new natural gas
fired power stations for a total output of
ca 230 MW, All are combined heat and
power plants. The largest will be 132 MW
combined heat and power station at
Tampere. In addition, several other new
gas fired power stations are planned. it
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Figure 8 'Combi’ power station at Mertaniemi, Lappeenranta

is reckoned that at the beginning of the
1990s the total natural gas based elec-
tricity output will exceed 1250 MW. All
the new power stations will produce
both electricity and heating.

In Norway Statkraft and Statoill have
combined forces to build a gas fired
‘combi’ power station at Karsto, Roga-
land. Planned outputis 700 MW and an-
nual production ca. 5 TWh. The power
produced by this plant will be fed into
the Norwegian national network. Norsk
Hydro also plans to build a gas power
station in the same region to produce
energy destined primanly for the
group's own industries. Studies are also
being made concerning the develop-
ment of gas power at Trendelag based
on the Haltenbanken field.

In Sweden natural gas i1s not yet
being used for the production of elec-
tricity. The plans mostimmediately likely
to be implemented are those for using
gas as fuel in CHP-stations. These con-
cern both conversion to gas firing in
plants now using other fuel, and the
construction of completely new units.
Natural gas may also be pertinent for
large scale electricity production in the
context of nuclear power phase-out.

Conclusions

It is predicted that as an energy raw
material natural gas is going to be of
greatly increased significance toNordic

energy supplies. It is nevertheless im-
portant to view naturalgasin the context
of one energy raw material among ma-
ny: bearing 1IN mind environmental de-
mands, it is economic competitiveness
that should determine the role of natural
gas in the energy system of the future.

As far as the use of natural gas for
electricity production is concerned, its
significance as a supplementary fuel
may increase in the future, both in exist-
ing and new power stations, and also as
fuel in new gas-fired power stations.

It is important that natural gas should
be incorporated into the future Nordic
energy system to achieve optimal ex-
ploitation of resources. Active coordina-
tion between electricity and gas
schemes is of the utmost importance.

In the individual Nordic countries ex-
tensive R & D work in the field of natural
gas is going on regarding storage,
transmission, distribution and con-
sumption. Action is now being taken to
coordinate the efforts of the different
countries, possibly with a circulating
secretariat along the lines of Nordel.

The Nordic region occupies a stra-
tegic position between the major gasre-
sources in the North Sea and Siberia. A
pan-Nordic network linking up the
Nordic countries with the Soviet Union
and West Germany is an interesting
vision for the future. It would offer the
same kind of advantages as those pro-
duced by the Nordel cooperation.
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Definitioner

| Nordels definitioner har de anvanda uttrycken féljande
betydelse:

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

Overforingsformaga for en kraftiedning ar den effek |
MW, som ledningen med hansyn till en eventuell be-
gransning héarrérande fran de anslutna anlaggnings-
delarna kan overfora under normala forhallanden.

Elproduktion anges i GWh och &r den produktion, som
vederborande land uppger i sin officiella statistik.

Mottrycksproduktion ar elektrisk energi, som produce-
ras i en turbogenerator med anga, som efter turbinen
anvands till ettannat andamal an elproduktion, till exem-
pel fiarrvarme, industrianga efc.

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

Import och export av elekirisk energi anges | GWh och
ar de energimangder, som avraknas som kop och for-
sdljning mellan de respektive landerna. Nettoimport &r
skillnaden mellan import och export.

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

Nettoforbrukning av elektrisk energi anges | GWh och
arsumman av de energimangder, som &r levererade ill
och uppmatta hos forbrukarna samt de energimangder,
som produceras i industrin for eget bruk.

Forluster ar skillnaden mellan bruttofdrbrukning och
nettofororukning.

Tillféllig kraft ti]ll elpannor ar elekirisk energi, som an-
vands for framstallning av anga eller hetvatten i stéllet for
olja eller annat bransle, och som levereras pa speciella
villkor.

Magasinskapacitet for ett vatienmagasin anges i GWh
som den energimangd, som kan produceras i de ne-
danfor liggande kraftverken vid en engangstomning 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 over lagsta reglerade vattentillstand.

Magasinsfyllnadsgrad vid en given tidpunkt anges |
procent som forhallandet 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 fo power production (such as district heating,
process steam eic)

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 is 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 reservair.

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 = megawatt=1000 kW

kVA  =kilovoltampere

MVA = megavoltampere=1000 kVA

Energienheter

J =joule

kdJ = kilojoule=0,24 kcal

TJ = terajoule=10'2)=23 9 toe
PJ = petajoule=10"%J

kWh = kilowattimme= 3600 kJ
MWh = megawattimme= 1000 kWh

GWh = gigawattimme=1 million kWh

TWh =terawattimme= 1000 GWh
= 1 miljard kWh

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

Symboler

= Ungefarligt varde

- Vardet noll

oo Uppgift inte tillganglig eller alltfor
osaker 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 kcal

TJ =terajoule=10"%=23.9 toe
PJ = petajoule=10"%J

kWh = kilowatt-hour= 3600 kJ

MWh = megawatt-hour= 1000 kWh

GWh = gigawatt-hour=1 million KWh

TWh =terawatt-hour=1000 GWh=10° kWh

Mtoe =1 milliontons of oil equivalent
corresponds to 11.63 TWh

Symbols

= Approximate value

- Value zero

oo Data not available

® Category not applicable
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Installerad effekt

Den sammanlagda installerade effekten i Nordellan-
derna steg under 1986 med 965 MW till 78 909 MW. Den
installerade effekten i vattenkraftstationer utgjorde ca
550%. | Sverige och Finland fanns vid arets utgang totalt
11958 MW karnkraft.

Fardelningen mellan vatten- och varmekraft ar myc-
ket olika Nordellanderna emellan. | Danmark anvands
enbart varmekraft och i Norge néstan enbart vattenkraft.
Pa Island dominerar vattenkraften medan Sverige har
ungefar lika stor effekt installerad i vatten- och varmekraft.
| Finland utgér varmekraften drygt tre fiardedelar av den
installerade effekten.

Installed capacity

In 1986 the total net capacity in the Nordel countries
increased by 965 MW to 78 909 MW. Ofthe total capacity
55% consisted of hydro power. The nuclear capacity
was 11958 MW.

In Nordel the distribution of hydro and thermal power
differs considerably. In Denmark the generating plants
are almost entirely thermal, whereas in Norway they are
hydro. Hydro power dominales in lceland, 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 31.12.1986 och korresponderande medelarsproduktion for installerad vattenkraft

och vindkraft

Installed capacity on Dec. 31,1986 and corresponding avarage-year production by hydro power and wind power

Danmark
Vattenkraft, MW 8
Hydro power, MW
Medelarsproduktian, GWhH 20
Average-year hydro production, GWh
Vindkraft, MW 50
Wind power, MW
Medelarsproduktion, GWh 100
Average-year production, GWh
Varmekraft, MW 8207
Thermal power, MW
Darav, MW
of which
mottryck, fiarrvarme konv. 362
back-pressure, dislricl healing conv
mottryck, industriell .
back-pressure, industry
kondens, process .
condensing, process
kondens, kam .
condensing, nuclear
kondens, konventionell 7 5452
condensing, convenlional
gaslurbin, diesel 300
gas lurbine, diesel
Totalt installerad effekt
Total inslalled capacity
1986 MW 8265
1985 MW 8229
Nytillskott under 1986, MW 1 &8
Additions in 1986, MW
Bortfall under 1986, MW 32

Realirements in 1986, MW

' Vardena inkluderar vindkraft idrifttagen 1986 och tidigare.
Incl. wind power laken into operation in 1988 and earlier.

2 Ink. kondensturbiner med uttag {6r figrrvarme.
Incl. condensing lurbines with some steam drawn for district heating

3 Kanvertering av Naantali fran kondens- till kraftvarmeverk
Conversion of the Maantall condensing power station 1o CHP-station

* Harav geatermisk kraft 41 MW
Ctwhich geothermal power 41 MW

Finland Island Norge Sverige Nordel
2548 752 24382 15813 43503
11950 4200 103252 62 508 181930
0 0 0 5 55

0 0 0 10 110
9382 170 3n 17282 35351
1907 S . 2485 4754
1790 . 198 823 2811
120 . 54 . 174
2310 - - 9648 11958
24357 19 24 2667 12690
820 1514 35 1659 2964
11930 g224 24693 33100 78909
11788 9214 23803 33203 77944
257 1 892 321 1538
1153 0 2 4245 573

% Redovisal bortfall beror pa reviderade uppgifter om varmekraft,

De har i verkligheten intréftat under en langre lidsperiod

Reported retiraments are due o revised data on thermal power.
Retirerents have occurred during a long period of ime
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Fig. S2 Nya aggregat tagna i drift under 1986
New power plant capacity 1986

Kraftslag/
kraftstation
Power category/plant

Danmark
Vattenkraft
Hydro power

Vindkraft?!
Wind power

Konv. varmekraft
Conv. thermal power

Finland
Vattenkraft
Hydro power

Konv. varmekraft

Canv. Ihermal power
Jyvaskyla
Joensuu
Naantali 2, kraftvarme
Naanlali 2, kondens
Kymijarvi

Karnkraft
MNuclear power

Island

Vattenkraft

Hydro power

Konv. varmekraft
Canv. lhermal power

Norge

Vattenkraft

Hydro power
Ulla-Farre
Eikelandosen

Konv. varmekraft
Conv. thermal power

Sverige

Vattenkraft

Hydro power
Laxede G3

Vindkrait?)
Wind power

Kanv. varmekraft
Caonv. thermal power

Kamkraft

Nuclear power
Forsmark
Barseback

' Endast for vattenkraft och vindkraft. For den konventionella varmekraften anges bransleslag

Nyinstallation under 1986

New unils taken nto operation

Antal Ny
agagr. effekt
Numbet New
ol unils capacity
MW
(L] LA
2 18
4 257
1 80
1 52
1 85
-1 -115
1 40
ee 892
5 807
1 30
9 123
1 70
[ 1] .e
= 193
- 126
- 57

(o=olja, k= kal, g=gas, t=torv, a = avfall).

Only for hydro power and wind power. For new conv. thermal power type of fuel is slaled: (0= o1l k= coal, g = gas, | = peal, a = garbage, wasle|
2Vindkraft har tidigare inte varit med | redovisningen

Wind power has nol previously been included in the report

Okning av

medelarsprod.’!

increase in
average-year
preduction ™
GWh

oresp. k/g

Tot. insl.
effekt
Tolal installed
nel capacity

MW

50

8207

2548

7072
115
285
190
2310

24 382

2057
30

an

15813
200

7634

29648

2976
1197

Totalt 31.12.1986
Total

Tolal medel-
arsprod."
Tolal average-

year production !

GWh

20

100

118580

k/g

4200

103252

3810
81

62 508
835
10
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56

Fig. S3 Beslutade storre kraftstationer
Decided larger power plants

Kraftslag/
kraftstation
Power category/plani

Danmark

Konv. varmekraft

Canvenlional thermal pawer
Amagervaerket B3
Avedeorevaerkel B1
Fynsveerket B7
Vestkraft B8

Finland

Vattenkraft

Hydro power
Tainionkoski

Konv. varmekraft
Conv. thermal power
Tampere
Vanlaa
Kajaani
Haapavesi

Island

Vattenkraft

Hydre power
Blanda

Norge

Vattenkraft

Hydro power
Ulla-Ferre
Skarje
Myster
Alla
Kobbelv
Daokka/Torpa
Jostedal

Sverige

Vattenkraft

Hydro power
Vargfors G2
Porsi G3
Kymmen
Gallejaur G2
Sikfors

Konv, varmekraft
Conv. thermal power
Vartan

Karnkraft, efiekthjningar

Nuclear power, power exlensions

Ringhals B1
Forsmark B2
Oskarshamn B2
Barseback B2

Totall inst.
nettoeffekt

31.12.1986

Installed net
capacity

MW

256

537
528

42

128
62

70
175

115

433

3380
2976
2095
1197

Medelars-
prod.”

31.12.1986
Average-

year
oroduction ')

GWh

k/o
kio/g
k

330

3810

[ T

385
1146

626
47

Beslutad nyinstallation
Decided new plants

Antal
agqgr.
Number of
new units

SRR MPOPIMI RY — — | e S S P e S

e

Ny Okn.av
effekt medelarsprod. "
New Ingrease in
capacily average
year
production
MW GWh
250 k/o
250 k/o
350 k
350 k
18 20
132 g
62 g
55 t
150 t
150 750
0 784
150 275
107 300
150 626
300 710
194 558
270 877
62 0
a5 20
55 58
101 0
34 135
128 k2!
65 .
24 @
7 .
7 .

Berakn.
idrifttagn.
Estimated
commissioning

1989
1991
1991
1882

1989

1088
1988
1989
1989

1991

1987
1987
1987
1987/88
1987/88
1988/90
1989/

1987
1987
1987
1088
1989

1990

1987
1987
1987
1988

"' Endast far vattenkraften, For den konventionella vérmekraften anges brénsleslag (o = olja, k= kol, g =gas, t =torv,a=awvfall).
Only for hydro power, For new conv. thermal power type of fuel is stated: (0 = qil, k = coal, g = gas, t = peat, a = garbage, wasle)

2 Forbranning i trycksatt fluidiserad badd (PFBC)
Pressurised fluidised bed combustion
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Det nordiska
hogspanningsndtet

Sverige har forbindelser med Danmark, Finland, och
Norge. Mellan Finland och Norge finns enbart ledningar
for lokala leveranser fran Norge till forbrukare i Finland.
Vid &rets utgang var den totala Gverforingsformagan fran
Sverige ca 4 700 MW och till Sverige ca 4 300 MW. Mel-
lan Danmark (Jylland) och Norge finns en likstrémsfor-
bindelse med overforingsformagan 510 MW i vardera
riktningen. Sodra Jylland har 400, 220 och 60 kV-férbin-
delser med Vasttyskland. Mellan Finland och Sovjet-
unionen finns en 1000 MW likstromsforbindelse. Detta ar
den forsta stamnéatsforbindelsen av denna storleksord-
ning mellan Sovjet och Véasteuropa. Sedan tidigare finns
en mindre samkorningsforbindelse mellan Norge och
Sovjet, och lokala forbindelser mellan Finland och Sov-
jet. Island ar ] elektriskt fdrbundet med ovriga Nordellan-
der.

Fig. S4 Overféringsledningar

Transmission lines

The grid system in the
Nordel countries

Sweden is connected to Denmark, Finland and Norway.
The latter two countries are not interconnected except for
afew lines from Norway to Finland for local consumption
there. The total capacity from Sweden was about 4 700
MW and to Sweden about4 300 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 nol electrically connected to the rest of the
Nordel countries.

400 kV

Tagnai | drift

drift 31.12.1986

under In

1986 service

Brought Dec. 31,1986

into

service

in 1966

km km
Danmark 28 921"
Finland 33 3225
Island - -
Norge 0 1392
Sverige 8 9859

c21

220,300 kV 110,132,150 kV
Tagnai | drift Tagna i | drift
drift 31.12.1986 drift 31.12.1986
under in under In
1986 service 1986 service
Brought Dec. 31,1986 Brought Dec. 31,1986
into into
service service
in 1986 in 1986
km km km km
0 223 ~-12 3429%
0 2152 450 13150
0 467 31 1328
165 50982 150 9300
5595% L] 14300

" Harav 321 km i drift med 150 kV och 48 km med 132 kV.
Of which 321 km in service with 150 kV and 48 km with 132 kV.

2 Harav B0 km i Danmark och 96 km | Sverige (Kontiskan) samt 89 km i Danmark och 151 km i Norge (Skagerrak) i drift med 250 kV

likstrom.

Of which B0 km in Denmark and 96 km in Sweden (Kontiskan) and 89 krm in Denmark and 151 km in Norway (Skagerrak) in service with 250 kv DC.

3 Harav 33 km i drift med 60 kV och 105 km med 50 kV.
Of which 33 km in service with B0 kV and 105 krn with 50 kV,
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Fig S5. Nordels hogspanningsnat
The Nordel main grid
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Fig. S6 Samkémingsforbindelser mellan Nordelldnderna
Interconnections between the Nordel countries

Lander Stationer Nominell Overforingsformaga Langd Kabel
Countries Terminal stations spél:jning Transmission capacity Length Cable
Rate
vollage,
kv MW km km
Fran Till
Danmark Danmark
From To
Denmark Denmark
| drift:
in service:
Danmark— Tjele-Kristiansand +250= 510 510 240/pol 127/pol
Norge
Fran Till
Sverige Sverige
From To
Sweden Sweden
Danmark- Teglstrupgéard-Sofiero 132~ 350" 350" 23 102
Sverige Hovegard-Helsingborg nr 1 400~ } 260" } 200" 91 8
Hovegard-Helsingborg nr 2 400~ 91 8
Vester Hassing-Gateborg 250= 260 260 176 875
Hasle (Bornhalm)-Borrby 60~ 60 60 476 433
Finland- Ossauskoski-Kalix 220~ a3
Sverige Petdjaskoski-Letsi 400~ 900 700 230
Pikkarala—Messaure 400~ 423
Hellesby (Aland) -Skattbol 70~ 35 a5 76,5 56
Norge- Sernes-Tornehamn 132~ } 39
Sverige Ritsem-Ofoten 400~ <00 200 58
Ressaga-Ajaure 220~ 260% 100%4 117
Linnvassely? 220/66~ 50 50 -
Nea-Jarpstrommen 275~ 500% 500 100
Lutufallet-Holjes 132~ 40 20 175
Eidskog—Charlctlenberg 1%2"- 100 100 1 (132
asle-Borgvik 400~ } & } i
Hasle-Trollhéittan 400~ 1108 1100 135
Totalt 4715 4335
Beslutat: Fran Till
Decided: Sverige Sverige
From To
Sweden Sweden
Danmark— Vester Hassing-Lindome 285= 300 300 149 875
Sverige (nov. 1988)
Finland- Raumo-Forsmark 350= 420 42089 2209 1905
Sverige (dec1989)
Finland- Vajukoski-Varangerbotn 220~ 50 50 310 350
Norge (hosten 1988)

" Aven vid parallelldrift &r totala Gverféringstormagan 700 MW (vid gynnsamma produktions- och belastningsforhallanden 1100 MW) i
vardera riktningen.
Al parallel operalion of the interconnections the total fransmission capacity amounts to 700 MW (in favourable production and load conditions 1100 MW).
2 Kabelstrackan bestar av fyra trefaskablar som ar parallelikopplade tva och va.
The cable line comprises four three—phase cables which are parallel connected two by two.
3 Med hansyn till slingdriften tver flera samkérningsfarbindélser Norge-Sverige och vissa andra driftsituationer kan dimensionerande
felfall ge en lagre Overfaringsiormaga.
Transmission capacity is in some cases reduced by dimensioning faull case.
4100 MW galler vid maximal produktion i Gejman-Ajaure-Gardikiors. Vid minimiproduktion | dessa stationer och maximalt 250 MW
produktionséverskott i Helgeland ar dverféringsiormagan 200 MW.
100 MW maximum production in Gejman—Ajaure—Gardikfors. With minimum produclion in these stalions and 250 MW surplus production in Helgeland
the transmission capacity is 200 MW,
3l Samkarningsianken ar en 220/66 kV transformator | den norsk-svenska kraftstationen i Linnvasselv.
The interconnection consists of a 220/66 kV transformer in the Norwegian-Swedish power station in Linnvasselv.
8 Prelimindra varden.
Preliminary values.
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Elproduktion

Den totala produktionen inom Nordel
var 309,0 TWh 1986, en minskning med
1,3% jamfort med 1985. Vattenkraften
svarade for 55,9% och karnkraften for
275 %. Motsvarande siffror for 1985 var
60,4 resp. 23,6 %.

Electricity production

The total production in Nordel was
309,0 TWhin1986. This is a decrease of
1.3 % compared with 1985. Hydro power
amounted to 55.9 % and nuclear power
to 27.5% of the total production. The
corresponding figures for 1985 were
60.4 and 23.6 %.

Fig. S8 Elproduktion (GWh)

Electricity production

Vattenkraft 1986
Hydro power 1986

Vattenkraft 1985
Hydro power 1985

Mottryck, ljJ@rrvarme
Back-pressure, district heating
Mottryck, industri
Back-pressure, industry
Kondens, process
Condensing, process

Kondens, kam
Condensing, nuclear

Kondens, konventionell
Condensing, conventicnal

Gasturbin, diesel m.m.
Gas turbine, diesel etc

Varmekraft 1986
Thermal power 1986

Varmekraft 1985
Thermal power 1985

Total produktion 1986
Tolal production 1986
Total produktion 1985
Total production 1985

Forandring i procent
Change in%

't Darav 110 GWh med naturgas

* Darav 212 GWh geotermisk kraft
¥ Darav 171 GWh geotermisk kraft

60

Danmark

D
O

thisg

Fig. S7. Totala elproduktionen i Nordel
Total electricity production within Nordel

18011

3724

113

34817

35105

46 884

47316

-09

Of this 110 GWh from natural gas
thermal power 212 GWh

Of this geothermal power 171 GWh

Island

3842

216°

[A*]
N

1743

4058

3837

Norge
96 724

97 156

103199

-59

Kondens 10,2 %

Condensing powear

Sverige

59821

70131

3198

2988

73811

62 544

133632

132675

0.7

Nordel

172681

188 884

9410

9589

345

84973

31445

508

136270

124185

308951

313069

-13
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Fig. $9. Produktion och bruttoférbrukning
exkl. avkopplingsbara elpannor

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

GWh
500

ISLAND
-V'férbrukning vérmekraftlvattenkraﬂ 4004 ‘

consumption thermal power hydro power .
300

200
100+

JFMAMJJASOND|IJFMAMJJASOND
1985 1986

GWh

7000
DANMARK FINLAND

- 6000 -
- 5000

- 4000 A

- 3000 A
e, P
(e 2000 -
|

- 1000 4B

won I|l - H mwr "‘l L L — T 0
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1985 1986 1985 1986

‘GWh
17500

SVERIGE
- 15000 -

-12500
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1985 1986 1985 1986
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Fig. $10 Magasinsfyllnad

Kurvorna visar magasinsfylinaden | %
av helt fyllda magasin under dren 1985
och 1986. De ovre och undre begréns-
ningskurvorna for de senaste arens
magasinsvariationer ar markerade.
Begransningskurvorna ar hogsta
respektive |agsta veckovarden under
perioden 1976-1985.

Water reservoirs

The curves show the impounded water
in per cent of total storage capacity for
1985 and 1986. The field gives upper
and lower extremes which are com-
posed of the weekly maximum and
minimum recorded for the period
1976-1985.

]

1985 1986

Extremvérden (1.1.1976 - 31.12.1985)
Extreme values (1.1.1976 - 31.12.1985)

NORGE

Magasinskapacitet
Reservoir capacity

31.12.1986 73816GWh

1.10.1986 73722GWh|
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Fig. 11 Maximal belastning 3:e onsdagen i december 1986 och i januari 1987
Maximum load on the 3™ Wednesday in December 1986 and in January 1987

Installerad Max. kraftstations-

nettoeffekt belastning

Max. systembelastn.

Max. system load

Inslalled Max. power slation

nelcapacity  oulpul -

31121986 December 1986 Januari 1987 December 1986 Januari 1987

Lokaltid Lokaltid Lokaltid Lokaltid

MW Localtime MW Local time MW Local time MW Localtime MW
Danmark
Vaster om Stora Balt (ELSAM) 42079 17-18 2700 1213 2750 8-9 3090 17-18 3075
West of the greal Bell

ster om Stora Balt exkl.
Bornholm (ELKRAFT) 3598 17-18 2056 9-10 2311 17-18 2229 17-18 2431
East of the Great Belt excl. Bomholm
Finland 11930 17-18 7525 8-9 7686 8-9 8969 8-9 8367
Istand 922 11-12 556 . = . . . .
Norge
Sader om (south of) 67,5°N 23851 9-10 14893 17-18 15479 16-17 13970 8-9 15139
Norr om (north of) 67,5°N 1342 21-22 1028 15-18 914 13-14 1044 15-16 937
Sveﬁge 33100 8-9 22172 8-9 22000 8-9 22393 8-9 21973
Nordel exkl Island
(Nardel excl. Iceland) ! ;
Mellaneuropeisk tid 78629 8-9 50031 8-9 51020 8-9 51232 8-9 51587
Central-European time
Y Inkl. 47 MW i nodstartaniaggningar
Incl. 47 MW in'emergency slarting apparatus
Fig. S12 Elenergiomsittningen 1986 (GWh)
Electric energy turnover in 1986
Danmark Finland Island Norge Sverige Nordel

Produktion 27221 46 884 4058 97 156 133632 308 951
Production
Dérav valtenkraft 27 5k .12 267 3842 96724 59821 172681
Of this hydro power %
Import 2166 6296 . 3638 1819 139192
Total produkiion och import 29387 53180 4058 100794 135451 322870
Total production and import
Export 721 491 . 1659 6450 9321
Bruttoférbrukning 28 666 52 689 4058 99135 129001 313549
Gross consumplion
Tillfallig kraft till elpannor etc. . 108 114 29571 2294 5473
Excess hydro power to eleclric boilers etc.
Bruttoférbrukning exkl. tilliallig
kraft till elpannor elc 28666 52581 3944 96178 126 707 308076
Gross consumption excl. excess
hydro power 1o eleclric boilers elc.
Foréndring fran 1985 % 34 14 56 -15 04 03
Change as against 1985 %
' Dérav pumpkraft 757 GWh

Of this pumped storage power 757 GWh
2 Summan inkiuderar utbyle med lander utanfor Nordel
Total includes exchanges with countries outside Nordel
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Elenergiutbytet —
Power exchange GWh/year

Fig. 513 Oversikt dver omsittningen
:1; a,et;e»ki:risk energi i Nordel

Review of the electric energy turnoverin
Nordel 1986

Fig. S14 Elenergiutbyte 1986(GWh)
Exchange of electric energy in 1986 (GWh)

Import till: Danmark Finland Norge Sverige Nordel Andra Total export
Import to: ldnder lander 1986 1985
Nordel Other
countries countries
Export frén:
Export from:
Danmark . - 180 302 482 239 721 1439
Fintand - . - 491 491 - 491 881
Norge 633 - . 1026 1659 - 1659 4383
Sverige 1411 1646 3393 . 6450 - 5450 6675
Nordellander 2044 1646 3573 1819 9082 239
Nordel countries
Andra lander 122 4650 65 - 4837
Other countries
Total import 1986 2166 6296 3638 1819
1985 3155 5608 3884 5142

Nettoimport 1986 1445 5805 1979 -4 631
Netimport 1985 1716 4727 -499 -1533
Nettoimport/ 1986 50 11,0 20 ~-3,6
bruttoférbrukning | % 1985 64 9.1 -05 -12

Net impon/gross
consumption in %
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Fig. S15 Manatlig utvaxling av elektrisk energi

mellan Nordellanderna 1986

Monthly exchange of electric energy within

Nordel 1986
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Elforbrukningen
Electricity consumption

Fig. S16 Elférbrukningen férdelad pa konsumentgrupper exkl. elpannor
Electricity consumption distributed on consumer groups excl. electric boilers

% ¢
43,1

07
56,2

Danmark Finland Island

Norge Sverige Nordel
Bostader, service m.m. B8 Jarn- och sparvagar Industri
Domestic, commercial etc 8 Traction Industry

Fig. S17 Elforbrukning 1986 (GWh)

Electricity consumption 1986

Danmark Finland Island Norge Sverige Nordel
Bruttoforbrukning 28666 52689 4058 99135 129001 313549
Gross consumption
Tilitallig kraft till elpannor ° 108 114 20572 2904 5473
Excess hydro power 10 eleclric boilers
Bruttotorbrukning’ 28666 52 581 3944 96178 126707 308076
Gross consumption
Forluster 2 866 2881 380 9330 10648 26 105
Losses
Nettolorbrukning 25800 49700 3564 86 848 116059 281971
Net consumption
Industr 7600 27940 2449 41599 47107 126 695
Indusiry
Jarn- och sparvagar 160 330 = 700 2557 3747
Traction
Bostader, service m.m, 18040 21430 1115 44 549 66395 151529

Domestic. commercial

Forandring av bruttoidrbrukningen

jarfort med foregaende ar i %" 34 1.4 56 -15 0.4 03
Change in gross consumption

as against previous year, %

Genomshnittlig férandring av

bruttoforbrukningen under de

senaste 10aren 1% 34 5,1 50 28 39 3.7
Average change in gross

consumplion in the last 10 years,

Bruttofdrbrukning per invanare i kWh 5600 10690 16430 23037 15412 13494

Gross consumption per inhabitant

Medeltolkmangd 1986 milj. 512 492 0,24 418 8,37 2283
Average population 1986 mill

1 Exkl, tillfallig kraft till elpannor Excl, excess hydro power lo electric boilers
Darav pumpkraftverk 757 GWh Ot which pumped hydro pawer 757 GWh
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Fig. $21 visar den faktiska elenergifillforseln 1985 samt
prognoser for 1990 och 1995. De olika Nordellanderna
visas var for sig. Uppdelning har skett pa kategorierna
vattenkraft, kérnkraft och annan varmekraft med angi-
vande av de olika bransletyperna. Vattenkraften i prog-
nosen avser medelarsproduktion. Fér Norges del inne-
bar detta betydande mangd tillfallig kraft som kan utnytt-
jas i inhemska elpannor och/eller exporteras. Den nors-
ka krafiproduktionen forutséttes vara dimensionerad
med extra fastkraftreserv utdver forbrukningsprognosen,
jamfor fig S22.

Elenergifordelningen visas i jamforelse med lander-
nas energiforbrukning utanfor elsektorn. For varje ar vi-
sas tva staplar per land. Den vénstra anger férdelningen
av elenergi. Den hogra visar 6vrig energifdrbrukning.
For skalorna géller:

—vanstra skalan i TWh galler eltillférseln

—hogra skalan i PJ galler for Gvrig energiférbrukning, 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 jamforelse mellan elsektorn och

den Ovriga energisektorn. Speciellt tydligt visar figuren

vattenkraftens dominerande roll i norsk energifdrsori-

ning.

Fig. $21 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
quantity 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 possible to compare electricity
sector with other energy sector and it shows clearly how
hydro power predominates in the Norwegian energy
supply.

Prognoser

Prognoserna for &ren 1990 och 1995 bygger pé kraftfore-
tagens egna varderingar om den sannolika utveckling-
en. Prognoserna ligger till grund for utbyggnadsplane-
ringen av kraftoverforingssystem och produktionsan-
l&ggningar.

Forecasts

The forecasts for 1990 and 1995 in the following 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-
férbrukning exkl. elpannor

Electrical energy consumption and forecast
excl. electrical boilers

1986 1990 1995

TWh/ar  TWh/ar TWh/ar
Danmark 28,7 32 37
Finland 52,6 59 65
Island 39 44 4.8
Norge 96,2 105 115
Sverige 126,7 130 135
Nordel totalt 3081 330 357

Nardel total

Fig. S23 Faktiska och prognoserade
eleffekter
Peak load capacity and forecast

1986 1990 1995

MW MW Mw
Danmark 5546 6400 7300
Finland 9083 9800 10800
Island 570 650 700
Norge 16203 19100 21400
Sverige 23864 25500 26500
Nordel totalt 55266 61450 66700

Nordel total

Fig. 524 Faktiska och prognoserade installerade
effekter i MW inom respektive land
(vérden per 31.12 respektive ar)

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

1986 1990 1995

Mw MW MW

Danmark 8265 8250 9900
Finland 11930 13250 14050
Island 922 950 1100
Norge 24693 26550 28900
Sverige 33100 34100 34450
Naordel totalt 78910 83100 88400

Nordel total
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