Nordelstatistiken for 1983 ir delvis preliminir. Van-
ligtvis dr de justeringar som miste goras smi. De in-
fors i niista drs statistik

Definitioner

I Nordels definitioner har de anviinda uttrycken fol-
jande betydelse:

Installerad maskineffekt i en kraftstation angives i MW
och ir summan av de enskilda aggregatens nominella
effekt, inklusive stations- och reservenheter.

Overtéringsférmaga for en kraftledning ir den effekt i
MW, som ledningen med hiinsyn till en eventuell be-
grinsning hiirrdrande frin de anslutna anliggningsde-
larna kan éverfora under normala férhillanden.

Elproduktion angives i GWh och ir den produktion,
som vederborande land uppger i sin officiella statistik.

Mottrycksproduktion ir clektrisk energi, som produce-
ras i en turbogenerator med dnga, som efter turbinen
anvinds till ett annat indamdl dn elproduktion, till
exempel fjirrvirme, industriinga etc.

Kondenskraftproduktion iir clektrisk energi, som pro-
duceras i en turbogenerator med dnga, som efter tur-
binen kondenseras si att dngans energi uteslutande
utnyttjas till elproduktion.

Import och export av elektrisk energi angives i GWh
och ir de energimiingder, som avriknas som kop och
forsilining mellan de respektive linderna. Nettoim-
port ir skillnaden mellan import och export.

Bruttoférbrukning av clektrisk energi angives i GWh
och dr summan av elproduktion och nettoimport.

Nettoférbrukning av clektrisk energi angives i GWh
och ir summan av de energimingder, som iir leverera-
de till och uppmiitta hos forbrukarna samt de energi-
mingder, som produceras i industrin for eget bruk.

Forluster ir skillnaden mellan bruttoférbrukning och
nettoférbrukning.

Tillféllig kraft till elpannor ir clektrisk energi, som an-
viinds for framstiillning av dnga eller hetvatten i stillet
for olja eller annat brinsle, och som levereras pa spe-
ciella villkor.

Magasinskapacitet for ett vattenmagasin angives i
GWh som den energimingd, som kan produceras i de
nedanfor liggande kraftverken vid en engangstomning
av fullt magasin.
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The Statistical data for 1983 are preliminary. The ne-
cessary adjustments, which are usually small, will be
made in the next annual report.

Definitions

Used expressions have the following meanings
according to Nordel definitions.

Installed capacity is the installed generating capacity
of a power station given in MW and constitutes the
arithmetric sum of the rated capacity of the units in-
stalled, including station service and stand-by units.

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

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

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

Condence 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 is the exchange of power given in

GWh for the commercial blocks of power delivered or
received by the individual countries. Net import is the
difference between import and export.

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

Net consumption of electric energy is given in GWh
and is the sum of the power delivered to and metered
at the consumers plus the power produced by indust-
ry for its own consumption.

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

Excess power to electric boilers is defined as intermitt-
ent 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 generat-
ed by all downstream power stations by full discharge
of the impounded water.
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Magasinsinnehall vid en given tidpunkt angives i GWh
som den energimingd, som kan produceras i de ned-
anfor liggande kraftverken av magasinets vatteninne-
hdll dver ligsta reglerade vattentillstind.

Magasinsfyllnadsgrad vid en given tidpunkt angives i
procent som forhillandet mellan magasinsinnehall
och magasinskapacitet.

Enheter

Effekt = energi per tidsenhet

kW = kilowatt

MW = megawatt = 1000 kW

kVA = kilovoltampere

MVA = megavoltampere = 1000 kVA

Energi = produkten av effekt och tid

] = Joule

kJ = kilojoule = 0,24 kcal

T] = terajoule = 10¥] = 23,9 toe

PJ = petajoule = 10%%]

kWh = kilowattimme = 3600 k]

MWh = megawattimme = 1000 kWh

GWh = gigawattimme = 1 million kWh

TWh = terawattimme = 1000 GWh
= 1 miljard kWh

Mrioe = 1 miljon-ton-olje ekviva-

lent motsvarar 11,63 TWh

Symboler

— Virdet noll

@) Mindre dn hilften av den
anviinda enheten

® ® Uppgift inte tillganglig eller allt-
for osidker for att anges

L Uppgift kan inte forekomma

Storage contents of a reservoir at certain times is indi-
cated 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 be-
low the reservoir.

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

Units

Power = energy per time

kW = kilowatt

MW = megawatt = 1000 kW

kVA = kilovoltampere

MVA = megavoltampere = 1000 kVA
Energy = the product of power and time
J = Joule

k] = kilojoule = 0.24 kcal

T] = terajoule = 102 = 23.91toe

P] = petajoule = 10" ]

kKWh = kilowatt-hour = 3600 k]

MWh = megawatt-hour = 1000 kWh
GWh = gigawatt-hour = 1 million kWh
TWh = terawatt-hour = 1000GWh = 10°kWh
Mtoe = 1 million tons of oil equivalent

corresponds to 11.63 TWh

Symbols

— Magnitude zero

@ Magnitude less than half of
unit employed

® ® Data not available

® Category not applicable
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Installerad effekt

Den sammanlagda installerade effekten i Nordellin-
derna steg under 1983 med 1 388 MW till 72 867 MW,
dvs med 1,9 %. Den installerade effekten i vatten-
kraftstationer utgjorde ca 56 %. I Sverige och Finland
fanns vid drets utging totalt 9 565 MW kiirnkraft.

Fordelningen mellan vatten- och virmekraft ir mycket
olika Nordellinderna emellan. I Danmark anvindes
enbart virmekraft och i Norge enbart vattenkraft. Pi
Island dominerar vattenkraften medan Sverige har
ungefir lika stor effekt installerad i vatten- och virme-
kraft. I Finland utgdr virmekraften drygt tre fjirde-
delar av den installerade effekten.

37

Installed capacity

In 1983 the total net capacity in the Nordel countries
increased by 1 388 MW to 72 867 MW. Of the total ca-
pacity 56 % consisted of hydro power. The nuclear
capacity was 9 565 MW,

In Nordel the distribution of hydro and thermal pow-
er differs considerably. In Denmark the generating
plants are entirely thermal, where as in Norway they
are hydro. In Iceland hydro power predominates
while Sweden has an equal amount of thermal and
hydro installations. In Finland thermal amounts to
more than 3/4 of the installed capacity.

Fig 9. Installerad effekt 1983-12-31 och korresponderande medelarsproduktion fér installerad vattenkraft
Installed capacity Dec. 31.1983 and corresponding average-year production by hydro power

Danmark

Vattenkraft MW 8
Hydro power MW

Medelarsproduktion, GWh 20
Average-year production, GWh

Varmekraft MW
Thermal power

7336

Darav
of which

mottryck, fidrrvarme konv. 277
back pressure, district heating conv.

mottryck, industriell —
back pressure, industry

kondens, process =
condence, process

kondens, karn =
condence, nuclear

kondens, konventionell 67710

candence, conventional

gasturbin, diesel 288
gasturbine, diesel

Totalt installerad effekt
Total installed capacity
1983 MW
1982 MW

Nytillskott under 1983 MW 43
Additions in 1983 MW

7 344
7423

Bortfall under 1983 122
Retirements in 1983 MW

I Inkl. kondensturbiner med uttag for fjarrvarme

Finland Island Norge Sverige Nordel
2490 752 22 302 15 292 40 844
11 880 4000 100 212 61 7984 177 910
8 840 156% 278 15 413 32023
1590 — = 2489 4336
1540 —_— 165 882 2 587
110 19 54 — 183
2210 — — 7 355 9 565
2480 - 24 2932 12 207
910 13 35 1776 3145

11 330 908* 22 580 30 705 72 867
11270 904% 22 173 29 709 71479
60 4 407 1137 1 651

= = = 141 263

Incl. condensing turbines with some steam drawn far district heating

# Harav geotermisk kraft 20 MW  Of which 29 MW is geothermal power
¥ Hdrav geotermisk kraft 26 MW  Of which 26 MW is geothermal power

* Nytt preliminart utgangsvarde eftersom medelarsproduktionen baserats pa ny arsserie (1950—80) for tillrinningsvar-
dena. New preliminary value based on the new inflow series for the years 1950—80.
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Fig 10. Nya aggregat tagna i drift under 1983
New power plant capacity 1983

Kraftslag/ Nyinstallation under 1983
kraftstation MNew units taken into operation
Power category/plant g
Antal Ny Okning av
aggr. effekt medelarsprod.
Number of New Increase in
units capacity average-year
production
MW GWhV
Danmark
Vattenkraft - — —
Hydro power
Konv. varmekraft 1 1 g
Conventional thermal power
Finland
Vattenkraft 2 22 111
Hydro power
Anjalankoski 1 19 20
Klasard 1 3 21
Konv. varmekraft
Conventional thermal power
Inkeroinen 1 37 a
Karnkraft — —_ —
Nuclear power
Island
Vattenkraft — — —
Hydro power
Kony, varmekraft e 4 —
Conventional thermal power
Norge
Vattenkraft .e 407 1979
Hydro power
Aurland 3 95 423
Aroy 1 91 306
Orklal/Grana 1 53 260
Ranasfoss 1 45 112
Konv. varmekraft — — —
Conventional thermal power
Sverige
Vattenkraft °e Ei g 325
Hydro power
Stenkullafors 1 56 235
Malgomaj 1 10 40
Konv. varmekraft 2 130 .
Caonventional thermal power
Helsingborg 1 55 kio
Norrképing, Handels 1 75 k
Karnkraft s 930 .
Nuclear power
Ringhals B4 1 915 B

U Endast for vattenkraften. For nytillskott | konv. varmekraft anges bréansleslag
(o =olja, k=kol, g = gas, t =torv, a= avfall)
Only for hydro power. For new conv. thermal power type of fuel is stated:
(o=oll, k=coal, g = gas, t = peat, a = garbage, wasts)

Totalt 83-12-31
Total

Inst. netto
effekt

Total installed
net capacity

MW

7 336

2 490
19

6 630

2210

752

156

22302
872
91
28
45

278

15292

56
10

8058

55
78

7355
915

Medelars-
produktion
Total average-
year production

GWh"

20

11 880

32

4.000

100 212
2285

- 306
1092
131

61798%

235
40

by Ngtt preliminart utgangsvéarde p g a att medelarsproduktionen nu skall baseras pa tillrinningsvérden for arsserien
1950—80,

New preliminary value based on the new inflow series for the years 1850—80.
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Fig 11. Beslutade stdrre kraftstationer.

Decided large power plants

Kraftslag/
kraftstation
Power category/plant

Danmark

Konv, varmekraft

Conventional thermal power
Strudstrupvaerket
H. C. @rstedvesrket
Amagervaerket
Avedareveerket

Finland

Vattenkraft

Hydro power
Vajukoski
Raasakka 3
Kollaja

Konv. varmekraft
Conventional thermal power

Salmisaari

Adnekoski

Vaskiluoto

Jyvaskyla

Joensuu

Oulu

Tampere

Pori

Island

Vattenkraft

Hydre power
Blanda

Norge

Vattenkraft

Hydro power
Sjensta
Lomen
Kvitingen
Tjodan
Ulla-Farre
Naddvik
Skarje
Alta
Kobbelv

Sverige

Vattenkraft

Hydro power
Messaure G3
Stornorrfors G4
Laxede G3
Porsi G3

Kéarnkraft

Nuclear power
Forsmark B3
Oskarshamn B3

Inst. netto-
effekt

83-12-31

Installed net
capacity

MW

415
181
266

37

92

160
35

70
128

=
R A -9 [ |

300
410
130
175

1800
1020

Norde

Medelars-
prod.

83-12-31
Average-
year
production

GWh

200

1

2828

1834
2019

1146

Beslutad nyinstallation
Decided new plants

Antal Ny
aggr. effekt
Number of New
new units capacity

MW

700

235
235

sl INY
&

—

22

140

160
80

70

P T S R S VR

60

76
45
40
1280
100
160

150
300

PROMR = == = =N

150
170

b b
~
o

95

i) 1050
1 1080

Okn. av
medelarsprod.
Increase in
average-

year

production
GWwht

klo
klo
kio
klo

68
25
180

=
X =00 x

-
=

750

283
155
125
310
1519
345
325
687
691

125
20
20

Y Endast for vattenkraften. For nytillskott i konv. varmekraft anges brénsleslag (o =olja, k = kol, g = gas,

t=torv, a = avfall)

Only for hydra power. For new conv. thermal power type of fuel is stated: (o =oil, k=coal, g=gas, t=peat,

a=garbage, waste)

Berakn.
idrifttagn.
Estimated
to be
broughtinto
service in

1984/85
1985
1989
1991

1984
1985
1989

1984
1985
1985
1986
1986
1987
1988
1989

1988

1984
1984
1984
1985
1985/87
1986
1987
1987/89
1987/90

1984
1985
1987
1988

1985
1985

39
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Det nordiska
hogspanningsnatet

Sverige har forbindelser med Danmark, Finland och
Norge. Mellan Finland och Norge finns enbart led-
ningar for lokala leveranser frin Norge till forbrukare i
Finland. Vid drets utging var den totala Gverforings-
formagan frin Sverige ca 4 100 MW och till Sverige ca
3 400 MW. Mcllan Danmark (Jylland) och Norge finns
en likstromsforbindelse med Gverforingsformagan 510
MW i vardera riktningen. S6dra Jylland har 400, 220
och 60 kV-forbindelser med Visttyskland. Mellan Fin-
land och Sovjetunionen finns en 600 MW likstréms-
forbindelse. Detta dr den forsta stamnitsforbindelse av
denna storleksordning mellan Sovjet och Visteuropa.
Sedan tidigare finns en mindre samkorningsforbindel-
se mellan Norge och Sovjet, och lokala forbindelser
mellan Finland och Sovjet. Island ir ¢j elektriskt for-
bundet med dvriga Nordellinder.

Fig 12. Overforingsledningar (km)
Transmission lines

The grid system in the
Nordel countries

Sweden is connected to Denmark, Finland och Nor-
way. The latter two countries are not interconnected
except for a few lines from Norway to Finland for lo-
cal consumption there. The total capacity from Swe-
den was about 4 100 MW and to Sweden about 3 400
MW. The DC cable connection between Denmark (Jut-
land) and Norway has the capacity of 510 MW in both
directions. From southern Jutland there are 400, 220
and 60 kV interconnection links to western Germany.
Between Finland and the Soviet Union there is a 600
MW DC link. This is the first main grid connection of
this size between the Soviet Union and western Euro-
pe. Between Finland and the Soviet Union and be-
tween Norway and the Soviet Union there have for
many years been a number of local interconnections.
Iceland is not electrically connected to the rest of the
Nordel countries.

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

Tagnai I drift Tagnai | drift Tagnai | drift

drift 83-12-31 drift 83-12-31 drift - 83-12-31

under In under In under In

1983 service 1983 service 1983 service

Brought 83-12-31 Brought 83-12-31 Brought 83-12-31

into into into

service service service

in 1983 in 1983 in 1983
Danmark 0 8031 & 0 223% 10 3 307
Finland 0 3029 0 2152 400 11 900
Island — - - 468 237 1200
Norge 111 11554 48 4 834% 160 8600
Sverige 26 8 7891 yis 5 7400 o0 13 600%

L Inkluderar halva kabelférbindelsen (4 km) Sjzelland—Sverige

Including half ¢f the cable line (4 km) Zeeland—Sweden

# Hérav 293 km i drift med 150 kV, och 48 km med 132 kV
Of which 293 km In service with 150 KV, and 48 km with 132 kV

¥ Hérayv 80 km | Danmark och 96 km i Sverige (Kontiskan) samt 82 km i Danmark och 151 km | Norge (Skagerak) i drift

med 250 kV likstrém

Of which 80 km in Denmark and 96 km in Sweden (Kontiskan) and 89 km in Denmark and 151 km in Narway (Skagerak)

with 250 kv DC

4 Harav 32 km i drift med 132 kV
Of which 32 km with 132 kV

5t Vfarde for 1982
1982 value




Fig 13. Nordels hégspédnningsnit
The Nordel main grid
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|
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Helsinki

Inkoo

Vattenkraftverk
Hydro power plant
Varmekraftverk
Thermal power plant

Transf e Koppl station
Substation

400 kV ledning
400 kV line

300 kV ledning

300 kV line

220 kV ledning

220 KV line

132 kV ledning (endast Island)

132 kV line (lceland anly)

Likstromsledning
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Omfiormarstation vaxel-lik, vaxelstrém
Back-lo-back station

Samkormn forb fér lagre spaénning &n 220 kV
Interconnection for voltage lower than 220 kV
Temporar driftspanning

Temporary voltage

| drift
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Besiutade ulbyggnader

Decided expansions

Planerade men annu ej beslutade utbyggnader
Planned expansions




42

Nordel
Statistik / Statistics
1983

Fig 14. Samkérningsférbindelser mellan Nordelldnderna
Interconnections between the Nordel-countries

Lander Stationer Nominell Overtéringsférmaga Léngd Kabel
Countries Terminal stations spanning Transmission capacity Length Cable
Rated
voltage
kV MW km km
Fran Till
Danmark Danmark
From To
Denmark Denmark
Danmark— Tjele—Kristiansand +250 = 510 510 240/pol 127/pol
Norge
Fran Till
Sverige Sverige
From Ta
Sweden Sweden
Danmark— Teglstrupgard—Sofiero 132 ~ 3501 3500 23 10%
Sverige Hovegard—Helsingborg 400~ 700v 700" 91 8
Vester Hassing—Gdteborg 250 = 260 260 176 875
Hasle (Bornholm)—Borrby 60~ 60 60 47 .6 433
Finland— Ossauskoski—Kalix 220 ~ 93
Sverige Petajaskoski—Letsi 400~ } 900 400 230
Pikkarala—Messaure 400~ 423 _
Hellesby (Aland)—Skattbol 70~ 35 85 76,5 56
Norge— Sarnes—Tornehamn 132~ : 39
Sverige Ritsem—Ofoten 400~ 2 200 } 200 58
Ressaga—Ajaure 220~ 260" 1003 & 117
Linnvasselv® 220/66 ~ 50 50 —
Nea—Jarpstrommen 275~ 500%! 500% 100
Lutufallet—Hébljes 132~ 40 20 175
Hasle—Borgvik 400 ~ o 3 106
Halden—Skogsséter 400 ~ L EI} 1o 110
Totalt 4615 3935
Beslutad: Fran Till
Decided: Sverige Sverige
From To
Sweden Sweden
Danmark— Hovegard—Helsingborg 400 ({ 7 91 B
Sverige (1985)

1

2

3

4

b

Aven vid parallelldrift ar totala dverféringsférmagan 700 MW i vardera riktningen _
At parallel operation of the interconnections the total transmission capacity amounts to maximum 700 MW in both directions

Kabelstrackan bestar av fyra trefaskablar som ar parallellkopplade tva och tva
The cable line consists of four three-phase cables which are parallel connected two by two

Med hansyn till slingdriften éver flera samkorningsférbindelser Norge—Sverige och vissa andra driftsituationer kan
dimensionerade felfall ge en |&gre dverforingsformaga

Transmission capacity is in some cases reduced by dimensioning fault case

100 MW galler vid maximal produktion i Gejman—Ajaure—Gardikfors. Vid minimiproduktion | dessa stationer och
maximalt 250 MW produktionséverskott i Helgeland &r dverféringsférmagan 200 MW

100 MW maximum production in Gejman—Ajaure—Gardikfors. With minimum production in these stations and 250 MW surplus
production in Helgeland the transmission capacity is 200 MW

Samkérningsldnken ar en 220/66 kV transformator | den norsk—svenska kraftstationen Linnvasselv

The interconnection consist of a 220/66 kV transformer in the Norwegian—Swedish power station Linnvasselv

Efter natutbyggnader i Norge (Oslo-omradet)dkar kapaciteten ca 100 MW

After extensions in Norway this will increase by 100 MW

Overfaringsférmagan efter utbyggnaden &nnu ej faststélld

Transmission capacity is at present unknown
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Fig 15. Maximal belastning 3:e onsdagen i december 1983
Maximum load on the 3rd Wednesday in December 1983

Max kraftstations- Installerad Max systembelastning

belastning nettoeffekt Max system load

Max power station Installed net =

output capacity 1982 1983

Lokaltid Lokaltid Lokaltid

Local time MW MW Local time MW Local time: MW
Danmark ] _
Véster om Stora Balt (ELSAM) 8—9 1800 3685 17—18 25675 8—9 2600

West of the Great Belt

Oster om Stora B4lt exkl

Bornholm (ELKRAFT) 8—9 2048 3659 10—11 2042 17—18 2012
East of the Great Belt excl Barnholm

Finland 16—17 6 119 11330 8—9 6 565 17—18 6 890
Island 18—19 570 208

Norge _ .

Séder om (south of) 67,5° N 10—11 15793 21243 9—10 12 385 9—10 14 069
Naorrom (north of) 67,5° N 16—17 933 1337 14—15 819 15—16 936
Sverige 15—16 18610 30 705 8—9 18 336 16—16 19 652
Nordel exkl Island

(excl lceland) _ ) }
Mellaneeuropeisk tid 8—9 44802 72 867 8—9 42 905 8—9 45080

Central-European time
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Elenergiomsattning S
Electric energy turnover GWhiyear
585
-
333‘ 60
Ko
kN
9
1084 .
10
7418
-+ 362
1257
W
8
37 %1315
Fig 16. Oversikt éver omséttningen
av elektrisk energi i Nordel 198 2162 183:
Review of the electric energy
turnover in Nordel 1983 127
Fi%17. Elenergiomsattningen
1983 (GWh)
Electric energy turnover in 1983
Danmark Finland Island
Produktion 19 194 40 236 3766
Production
Darav vattenkraft 20 13 876 3588
Of this hydro power
Import 8 135 5 477 -
Total produktion och import 27 329 45713 3 766
Total production and import
Export 2390 679 —
Bruttoférbrukning 24 939 45034 3766
Gross consumption
Tillfallig kraft till elpannor etc. . 876 .
Excess hydro power for electric bolilers etc.
Bruttofdrbrukning exkl tillfallig
kraft till elpannor etc 24 939 44 158 3 766
Gross consumption excl. excess
hydro pewer for electric boilers etc.
Forandring fran 1982 % 2,0 6,4 53

Change as against 1982 %
1 Déarav pumpkraft 480 GWh
Of this pumped storage power 480 GWh

2 gumman inkluderar utbyte med lander utanfér Nordel
Total includes exchanges with countries outside Nordel

Norge
106 199

105 870

483
106 682

13 885
92 797

3 840"

88 957

52

- 2
- 67
= 4055
Sverige Nordel
105 878 275 273
62 771 185 625
10 397 4 251
116 274 279 524

5449 2162
110 826 277 362
4715 9431
106 111 267 931
7.6 6,1




Fig 18. Produktion och bruttoférbrukning
exkl avkopplingsbara elpannor
Production and gross consumption

excl excess hydro power to electric boilers
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Forbrukning Varmekraft Vattenkraft Island 1982 1983
Gonsumption Thermal power Hydro power
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Elproduktionen

Den totala produktionen inom Nordel var 1983 275.3
TWh, en 6kning med 8,7 % jimfort med 1982. Vat-
tenkraften svarade for 67,4 % och karnkraften for
20,3 %. Motsvarande siffror for 1982 var 64,5 resp
21 %.

Electricity production

Kendens 6.3 %
Condense

The total production in Nordel was 275.3 TWh in
1983. This is an increase of 8.7 % compared to 1982.
Hydro power amounted to 67.4 % (64.5) and nuclear
power to 20.3 % (21) of the total production.

Fig 19. Totala elproduktionen i Nordel

Fig 20. Elproduktion (GWh) Total electricity production within Nordel

Electricity production

Danmark Finland Island Norge Sverige Nordel
Vattenkraft 1983 20 13 376 3588 105 870 62 771 185 625
Hydro power
Vattenkraft 1982 20 12 958 3 407 92 943 54 191 163 519
Hydro power
Varmekraft 1883
Thermal power
Mottryck, fldrrvérme 3 400 4198 ° — 1270 8 868
Back pressure, district heating
Mottryck, industri 257 4 646 ° 158 2 458 7519
Back pressure, industry
Kondens, process — 374 - — - 374
Condense, process
Kondens, karn — 16 711 — . 39 077 55 788
Condense, nuclear
Kondens, konventionell 15 407 802 . 79 174 16 462
Condense, conventional
Gasturbin, diesel m.m. 110 129y 1782 92 128 637
Gas turbine, diesel etc.
Vérmekraft 1983 19174 26 860 178 329 43107 89 648
Thermal power
varmekraft 1982 20 706 26 397 168% 268 42 379 89918
Thermal power
Total produktion 1983 19194 40 236 3766 106 199 105 878 275 273
Total production 1983
Total produktion 1982 20726 39355 3575 93120 96 570 253 346
Total production 1982
Féréndring | procent - 74 2.2 53 14,0 9.6 8,7

Change, per cent

1 Darav 125 GWh med naturgas  Of this 125 GWh from natural gas
2 Darav 172 GWh geotermisk kraft  Of this geothermal 172 GWh
% Darav 159 GWh geotermisk kraft  Of this geothermal 159 GWh
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Fig 21. Magasinsfylinad 100 %
Kurvorna visar magasinsfylinaden i % auv belt fyllda
magasin under dren 1982 och 1983. De Gure och under 90
begrdnsningskurvorna for de senaste drens magasins-
variatoner dr markerade. Begrdansningskurvorna dar
hagsta respektive ldgsta veckovdrden under perioden 80
1973—1982.
Water reservoir 70
The curves show the impounded water in per cent of total
storage capacity for 1982 and 1983, The [ield gives upper and 60
lower extremes which are composed of the weekly maxima cnd
minima recorded for the period 1073—1082.
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1083 Finland Magasinskapacitet = 82-12-31 4546 GWh
= Reservoir capacity 83-12-31 4546 GWh
Extrema varden (1973-01-01 - 1982-12-31)
Extreme values
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Norge Magasinskapacitet  82-12-31 63352 Gwh Sverige Magasinskapacitet  82-12-31 32410GWh

Reservoir capacity 83-12-31 64769 GWh

Reservoir capacity 83-12-31 32670GWh
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Elenergiutbytet

Kraftexporten frin Norge 6kade kraftigt jimfort med
foregdende dr. Danmark, Finland och Sverige var net-
toimportorer under dret.

Tabellvirdena avser det avriknade kraftutbytet. Om
ett land exporterar el pi en samkorningslinje, och
samtidigt importerar motsvarande kvantitet el pd en
annan linje frin samma land, medriknas biada utbyte-
na i export- och importangivelserna.

Fig 22. Elenergiutbyte 1983 (GWh)
Exchange of electric energy in 1983

Import till Danmark  Finland
Import to
Export
Export fran:
Export from:
Danmark e °
Finland ° °
Norge 4 387 —
Sverige 3621 1 355
Nordel-lander 8008 1355
Nordel countries
Andra l&nder 127 4122
Other cauntries
Total import 1983 8135 5477
1982 4418 4 052
Nettoimport 1983 5745 4798
f 1982 3724 2314
Nettoimport/ 1983 23.0 10,7
bruttof&rbrukning | % 1982 15,2 5,5

Net import/gross
consumption in per cent

Power exchange

The electrical energy export from Norway increased
very much compared to 1982. Denmark, Finland and
Sweden had a net import during the year,

Norge  Sverige Nordel-  Andra Total export
lénder lander -
Nordel Other
countries  countries 1983 1982
8 220 228 2162 2390 694
. 679 679 - - 679 1738
. 9 498 13 885 = 13886 6825
473 . 5449 — 5449 2577
481 10 397 20 241 2162
2 = 4 251
483 10 397
77 5940
13402 4948
— 6054 3363
— 14,4 4,5
- 68 - 34
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Fig 23. Manatlig utvéxling av elektrisk energi
mellan Nordel-landerna 1983
Monthly exchange of electricity within Nordel 1983
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Fig 24. Elférbrukningen fordelad pa konsumentgrupper
exkl elpannor

%

724

06
27,0

Danmark
%
479
08
51,3

Norge

Fig 25. Elférbrukning 1983, GWh
Electricity consumption 1983

Bruttoférbrukning
Gross consumption

Tillfallig kraft till elpannor
Excess hydro power to electric bollers

Bruttoférbrukning®
Gross consumption

Férluster
Loases

Nettoforbrukning
Net consumption

Industri
Industry
Jarn- och sparvagar
Traction

Hushall, handel m.m
Domestic, commercial

Forandring av bruttofdrbruk-
ningen

jamfért med féregdende ar i %Y
Change in gross consumption

as against previous year, %
Genomsnittlig férandring av
bruttoférbrukningen under de

‘sista 10 aren i %V

Average change in gross
consumption in the last 10 years, %

Bruttofdrbrukning per invanare
| KWh

Gross consumplion per Inhabitant

Y Exkl tillfallig kraft till elpannor

%
40,5
07
58,8

Electricity consumption

Electricity consumption distributed on consumption groups
Excl electric boilers

%
3086

69,4

Finland Island
% %
54,9 51,4
2.4 1,4
427 472
Sverige Nordel
Hushall, handel mm Jam- och sparvagar Industri
Domestic, Commercial Traction Industry
Danmark Finland Island Norge Sverige Nordel
24 939 45034 3766 92 797 110 826 277 341
- 876 - 38402 4715 9431
24939 44 158 3766 88 957 106 111 267 910
2539 2484 400 10 036 9735 25194
22 400 41674 3 366 78 921 96 376 242 716
6 050 24 500 2336 40 490 41154 114.530
140 304 650 2330 3424
16 210 16 870 1030 37 781 52 892 124 783
2,0 6,4 5,3 5,2 7.6 6,1
4.0 41 8,1 3.1 4.3 34
4 880 9092 15 800 21508 12 740 11 891

Excl. excess hydro power to electric boilers,
2 Dérav pumpkraftverk 480 GWh Of which pumped storage power 480 GWh,
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110 TWh 30 MWh/capita
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Fig 27. Bruttoférbrukning® av elenergi per invanare
Per capita consumption’
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Fig 26. Bruttoférbrukningen’

—l—l—l—'l—l_'——'_ av elenergi 1974—1983

Gross consumption of electricity
Island

1974 75 76 77 78 79 80 81 82 83 ! Exkl tillféllig kraft till elpannor
Excl. excess hydro power to electric boilers
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Prognoser

Prognoserna for dren 1985 och 1990 bygger pi kraft-
foretagens egna virderingar om den sannolika utveck-
lingen. Prognoserna ligger till grund for utbyggnads-
planeringen av kraftéverforingssystem och produk-
tionsanliggningar.

Fi% 28. Faktisk och prognoserad elenergiiérbrukning TWh/ar
exkl elpannor

Electrical energy consumption, and forecast TWhiyear excl.

electric boilers

1983 1985 1990
Danmark 249 26 30
Finland 442 48 56
Island 3,8 4 5
Norge 89,0 96 104
Sverige 106,2 114 130
Nordel totalt 268,1 288 325

Fig 29. Faktiska och prognoserade eleffekter MW
Power and power forecast MW

1983 1985 1990
Danmark 4 955 5 250 6 100
Finland 7 600 8 200 9 400
Island 570 630 820
Norge 15 300 17 400 19100
Sverige 20 862 22100 25 000
Nordel totalt 49 287 53 580 60 420

Fig 30. Faktiska och prognoserade installerade effekter i MW
inom respektive land (véirden per 31.12 respektive ar)

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

1983 1985 1980
Danmark 7 344 8 000 7 800
Finland 11 330 11 700 12 250
Island 908 900 1050
Norge 22 580 23 700 26 550
Sverige 30 705 33 100 33 550
Nordel totalt 72 867 77 400 81 200

Forecasts

The forecasts for 1985 and 1990 in the following
tables are made by the power companies in the Nordel
countries.

Fig 31 visar den faktiska elenergitillforseln 1980 samt
prognoser for 1985 och 1990. De olika Nordellinder-
na utom Island visas var for sig. Uppdelning har skett
pi kategorierna vattenkraft, kirnkraft och annan vir-
mekraft med angivande av de olika brinsletyperna.
vattenkraften i prognosen avser medeldrsproduktion.
Firr Norges del innebiir detta betydande miingd tillfil-
lig kraft som kan utnyttjas i inhemska elpannor och/el-
ler exporteras. Den norska kraftproduktionen forut-
sittes vara dimensionerad med extra fastkraftreserv
utover forbrukningsprognosen, jimfor fig 28. Produk-
tionspotentialen for fast kraft inkl importrittigheter
formodas bli 99 TWh/ir 1985 och 112 TWh/ir 1990.

Elenergifordelningen visas i jimforelse med lindernas
energiforbrukning utanfor elsektorn. For varje ar visas
tvi staplar per land. Den vinstra anger fordelningen
av elenergi. Den hogra visar 6vrig energiforbrukning.

For skalorna giller:

— vinstra skalan i TWh giller eltillforseln

— hogra skalan i P] giller for 6vrig energiforbruk-
ning, och ir vald si att den ocksd visar vilka
brinslemingder som dtgdr till produktion av den
elektricitet som ingdr i den viinstra stapeln (10,5
PJ/TWh).

Figuren mojliggor en jimforselse mellan elsektorn
och den 6vriga energisektorn. Speciellt tydligt vi-
sar figuren vattenkraftens dominerande roll i
norsk energifdorsorjning.

Figure 31 shows the energy supply in 1980 and
the forecasts for 1985 and 1990. For each country
the distribution of electric energy supply (left)
and the total energy supply except electricity
(right) is shown.




Fig 31. Energitillgang i Norden
Energy supply within the Nordic countries

(PJ) TWh
(504) 140

Nordel
Statistik / Statistics
1983

Fordelning pa energislag av eltillférseln
Distribution of electricity on energy sources

Elimport Import of electricity

Inhemska brénslen, processbranslen

Domestic fuel

Kol Coal

Naturgas Natural gas
Olja oil

Karnkraft Nuclear power

Vattenkraft Hydro power
(genomgaende medelvattenar)

Elexport Export of electricity
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Bransleforsorjning for andra dndamal an
elproduktion

Fuel consumption, other than for electricity
production

Inhemska branslen, processbrénslen
Domestic fuel

Kol Coal
Naturgas Natural gas
Olja oil

PJ
1470

(432) 120

(360)100

(288) 80

(218) 60

(144) 40

(72) 20

(0) 0

DK

SF

DK SF N ]

DK SF N S

1980

1985
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Total energitillforsel

[ dldre tider var de nordiska linderna i stort sett sjilv-
forsorjande pa energi. Ved var den frimsta energirdva-
ran fram till en god bit in pd 1800-talet. Frin omkring
ar 1900 boérjade kol och koks att svara for en storre
del av energiforsorjningen in ved. Omkring 1950
overtog oljan kolets roll som den viktigaste energi-
ravaran.

Under 1800-talets senare del borjade vattenkraften an-
viindas for elproduktion, och sedan dess har elandelen
i energiforsorjningen okat ganska jimnt.

I borjan av 1970-talet introducerades kirnkraft i Fin-
land och Sverige och den svarar nu for en betydande
del av elforsorjningen i Norden.

Efter oljekrisen 1973 har milet varit att minska oljebe-
roendet. Detta har bl a resulterat i att kol har kommit
tillbaka och har borjat ersitta olja.

Idag ir alltsd Norden langt ifrin sjilvforsorjande pa
energi och en dvervigande del av brinslet importeras
friimst i form av olja och kol.

De inhemska energirdvaror, som iir av nidgon storre be-
tydelse, dr forutom vattenkraften ved, torv (Finland),
kol (Svalbard, Norge) och geotermisk energi (Island).

Olje- och gasfyndigheter finns i de nordiska delarna
av Nordsjon och frin 1974 har de norska fyndigheter-
na utvecklars till en drsproduktion av 30,6 miljoner
ton olja och 25,6 miljarder kubikmeter gas under
1983, Tillsammans motsvarar detta cirka 2 350 PJ.

Figuren visar energitillforselns urveckling i Danmark,
Finland, Island, Norge och Sverige under tiodrsperio-
den 1974-83. Vattenkraft och kirnkraft dir omriknade
efter det teoretiska energiinnehdllet, dvs 1 TWh =
3.6 PJ.

Total energy supply

Long ago the Nordel countries were self-supporting
for their energy supply. The main energy source was
wood. Later a change occured and coal became the
prime source. From about 1950 oil was the most com-
mon source of cnergy.

About a century ago hydo power was introduced and
it now accounts for an important share. Nuclear
power came about 1970 and is very significant in Fin-
land and Sweden.

Today the Nordel countries for their energy supply are
highly dependent on imported oil and coal. However,
since the oil crises in 1973 the goal has been to be-
came less dependent on imported energy.

The domestic sources of energy in the Nordel coun-
tries are hydro power, wood, peat, coal on Svalbard,
Norway and geothermical energy on Iceland. The oil
and gas from the north-sca in 1983 amounted to 30.6
miljon tons of oil and 25.6 billion m? of gas.

The figure shows the energy supply in the Nordel
countries during the period 1974-83. Hydro and nu-
clear power are valued according to their theoretical
energy content, i.e. 1 TWh = 3.6 PJ.

Fig 32. Total energitillfdrsel PJ

Total energy supply
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The electricity consumption in the
Nordel countries increased by 6,1 %
compared to 1982, Denmark had the
lowest and Sweden the greatest
increase.

The hydro production, which is the ba-
se of the Nordic power production,
amounted in 1983 to 67.4 % of the to-

tal production. This is almost 3 % mo-
re than the previous year. Nuclear pow-
er was 20.3 % of the total production.

The oil based power production in the
Nordic system is small. Oil is used only
in combination with district heating
och industrial back-pressure. In Den-
mark coal is used for most of the pro-

duction. Nuclear power was produced
in Finland and Sweden.

In 1983 the power exchanges between
the Nordel countries set a new record.
Thanks to the very high hydro produc-
tion Norway had a net export while
Denmark, Finland and Sweden had net
import.

rdel’s Activities

The ordinary annual meeting of Nordel
was held in Bergen, Norway on August
24. At the meeting the actual power si-
tuation within the five Nordic count-
ries and future prospects were review-
ed. There were also reports from a
number of committees and ad hoc
working groups beeing responsible for
and coordinating the work within
Nordel, and the Nordels contact group
within various international organi-
zations.

The Nordel meeting gave its approval
of the recommendations by the Operat-
ing Committee about maintaining fre-
quency in the synchronous Nordel sys-
tem. An article about this is included in
this report.

The report » Coordinated expansion of
production within the Nordel system»
was presented by the Planning Commit-
tee. A very short summery which can
be regarded as a complement to the re-
port NORDENERGI 2020 is also includ-
ed in this annual report.

The Nordic norm for sulphur emission
was discussed und the Thermal Power
Committee was asked to study the
matter.

in 1983

At the meeting Mr. Eirikur Briem re-
signed and Mr. Halldor Jonatansson
was elected as the new Icelandic
member.

During the year Nordel has worked
unusually much with external infoma-
tion. The governments and depart-
ments of the Nordic countries, the
Nordic Council and Council of Minis-
ters have been informed with a series
of newletters, A new version of the
Nordel brochure has been produced.
There have been special meetings with
the Nordic Council and on two occi-
tions representatives of Nordel have
meet the Nordic ministers of Energy. At
the 32nd session of the Nordic Council
in Stockholm Nordel had an exhibition
which was opened by the Swedish mi-
nister of Energy Birgitta Dahl.

Operations Committee

As in previous vears, the Committe de-
alt continuously with questions regard-
ing joint operations, such as power ba-
lances in the Nordic countries, power
exchanges between the Nordic countri-
es. operational reliability, technical
aspects of operations and interruptions
within the Nordic power system.

Output and energy balances have been

prepared for the next three years in or-
der to evaluate the power situation dur-
ing this period. A very satisfactory en-
ergy balance is anticipated.

There was a definite increase in electri-
city consumption in the Nordel area.
The increase was particularly noticeab-
le in Finland, Norway and Sweden. The
economic upswing in industry was a
major factor contributing to the increa-
se. Another contributing factor in Swe-
den was the current process of conver-
sion oil-fired to electrical heating.

The hydro power situation in the Nord-
el system was very favourable in 1983,
The spring floods were earlier and larg-
er than normal. The autumn floods we-
re also very large. In Sweden and Nor-
way, the hydro reserves available after
the autumn floods were therefore the
largest for the past ten years. In 1983,
about 7 TWh of hydro power was spill-
ed past on-stream units in Norway and
Sweden.

Nuclear power plants functioned very
well in 1983, In order to maintain pow-
er balances, nuclear production was re-
duced by about 2 TWh, primarily in




Sweden. The cause of the reduction
was the very favourable hydro power
situation,

Very large quantities of power were ex-
changed between the Nordic countries
during the year. The high level of hydro
production generated very large ex-
ports from Norway to Denmark and
Sweden as well as from Sweden to Den-
mark. Sweden also exported relatively
large quantities of power to Finland.

With reference to the current power si-
tuation, in 1983 the Committee decid-
ed that:

B Residual hydro reserves should be
distributed within the Nordel system so
as to obtain optimal division of the risk
of overflow

B Production based on fossil fuels
should be minimised

B Exports to Denmark should be
maximised. including re-exports to
West Germany.

B Deliveries o electric boilers should
be utilised as much as possible.

B Installation of new electric boilers
should be accelerated and tax regula-
tions should be modified accordingly.

On December 27, 1983 a comprehensi-
ve power outage in Sweden had serious
consequences for Nordic power supp-
lies. A busbar fault in 2 400 kV rransfor-
mer station near Stockholm resulted in
a breakdown of the main grid in south-
ern and central Sweden. All the nuclear
plants in Sweden were put out of ac-
tion, as were most of the tie-lines be-
tween the Nordic countries. The total
power capacity of 17,000 MW was re-
duced by 11,400 MW. The outage lasted
between one and six hours in the areas
affected. Electricity consumption was
cut by 24 GWh during the outage,
which corresponds to 120 system mi-
nutes as defined by Nordel. Some parts
of Denmark were also affected. Produc-
tion on the island of Zealand was
recduced when the link to Sweden was
cut off, so that consumption was
reduced by about 30 %. Resumption of
power supplies following the outage in-
cluded imports of 1,200 MW from Nor-
way and 1,000 MW from Denmark.

Summary

which enabled normal consumption to
be restored much faster.

The Operations Committee will follow
up the investigation of the breakdown
which will be made in Sweden. This in-
vestigation is intended to determine
whether changes should be made in
existing recommendations for emer-
geney reserves, grid protection and
composite regulating characteristics,

In 1983 the Committee initiated a study
of all power exchanges between the
Nordic countries. The goal is to deter-
mine whether exchanges are optimal
from the standpoint of over-all econo-
my. The results of this study will provi-
de a basis for a coming review of the
1971 regulations for coordination of
Nordic electricity supplies.

The Nordel Annual General Meeting of
1983 approved the Committee's propo-
sal entitled »sRecommendations for fre-
quency controlled grid protection in
the synchronous Nordel areas. These
recommendations include rules for au-
tomatic disconnection in frequency
stages in case of overloads. as well as
for automatic adjustment of power
transmission over DC links.

The Committee dealt with the question
of the magnitude of the composite re-
gulating characteristic at low load peri-
ods. A pilot operation with a reduced
composite regulating characteristic was
implemented in the summer of 1983,
As a result of the high levels in reservo-
irs, it was not possible to run the sys-
tem with a reduced criteria for compo-
site regulating characteristic to any sig-
nificant extent. A similar pilot
operation will therefore be implement-
edin 1984,

Tests have been initiated for new sett-
ings of damping equipment in power
stations. The new settings contribute to
improved damping of fluctuations in
the power system and will be introduc-
ed gradually.

The Committee has authorised a study
of power balances in dry years through
1990,

Early in May, 1983 the Committee att-
ended a meeting in France with its con-
tinental counterpart, UCPTE, at which
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a valuable exchange of experience took
place. The next such meeting is sche-
duled for October, 1984 in Sweden.

Mr. Rolf Wicdswang resigned during
the year and Mr. Arne Ring-Nielsen re-
placed him as chairman.

Planning Committee

In the 1982 NORDENERGI 2020 re-
port, the Planning Committee indicat-
ed the possibility of obtaining additio-
nal economic benefits from Nordel co-
operation by treating the jointly
operated Nordic power electrical sys-
tem as a single unit without national
boundaries. In the interest of analysing
this possibility more closely, working
group has prepared a survey entitled
ADVANTAGES OF EXPANDED NORDIC
ELECTRICAL COOPERATION (an opti-
misation study), which covers the pe-
riod through the year 2000, Coordina-
tion of high-voltage grids has already
gone so far that the joint system can in
principle be treated as one unit. The
new study has therefore concentrated
on the benefits of increased coordina-
tion of production. Three alternatives
for expansion of production have been
studied. These alternatives indicate the
various conditions for expansion of
hydro, nuclear and coal-condense pow-
er. Each of the alternatives is analysed
on the basis of interest rates of 4 %,

7 % and 9 %. The conclusion drawn is
that by the vear 2000 conditions
should permit a reduction of the ex-
pansion of production in the joint
Nordel system. This applies to all three
of the alternatives studied. The reduc-
tion is small for the alternative which
assumes continued expansion of hydro
and nuclear power. A brief presentation
of the conclusions presented in the stu-
dy can be found on page 31.

The study could not deal with all the
important factors which can be assum-
ed to have an effect on the result of cal-
culations, The Planning Committee is
preparing more detailed analyses of the
relevant uncertain factors.

A working group for production ques-
tions was appointed in the autumn.
The group, which is currently functio-
ning ad hoc, replaces the previous con-
tact man for production questions. Its
initial activities will consist of collec-
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tion and systematisation of data for
production units in the Nordel system.
It will also identify various computatio-
nal models for production studies,
which will be evaluated for various typ-
es of studies. An important task for the
group will be to provide the necessary
production data for the grid-analysis
group’s studies of transmission capacity
on tie-lines between the Nordel count-
ries. The production group will also
participate in the analysis of uncertain
factors in the optimisation study.

The work of the grid-analysis group
was concentrated mainly on studies of
appropriate transmission capacity for
grid links in 1990. A report containing
a proposal in this regard is scheduled
for presentation at the Nordel Annual
Meeting of 1984, The group will also
analyse the uncertainty factors in the
optimisation study with reference to
the expansion of grids which may be
necessary for increased power ex-
changes between countries.

The Planning Committee issued a re-
port entitled HVDC Transmission in the
Nordel Countries in 1983, This report
was prepared primarily as a basis for
current work by the Electricity Com-
mittee of the ECE (Economic Commis-
sion for Europe) regarding increased
electrical cooperation between Eastern
and Western Europe, for which DC cur-
rent is an attractive alternative.

Nordel has instructed the Planning
Committee to monitor developments in
the field of renewable energy. The
Committee has therefore issued a re-
port on ldentification of projects in the
field of wind power and geothermal
power, in which power companies are
participating or on which they are well
informed. The report was approved at
the Nordel Annual Meeting in 1983,

An ad hoc-group for heat pump gues-
tions was appointed to monitor activi-
ties related to heat pumps in the Nordic
countries,

In response to an inquiry from the
Nordic Ministerial Council’s Official
Committee on Energy Policy, a report
on The cost of various types of power
production is being prepared in coope-
ration with the Thermal Power Com-
mittee.

The Planning Committee is also work-
ing on reports dealing with interest ra-
tes and calculation methods and on cri-
teria for reliability of deliveries of
electricity used by power companies in
the Nordic countries. These reports are
scheduled for presentation to Nordel
during 1984.

In cooperation with the Thermal Power
Committee and the NKA (Nordic Con-
tact Agency for Nuclear Energy), prepa-
rations are being made for a seminar on
the economy of nuclear power. The se-
minar is scheduled for the winter of
1984—1985.

The Planning Committee is also prepa-
ring studies on the general subject the
role of electrical energy in relation to
energy, Statistical material on the deve-
lopment of electrical energy and total
energy in the Nordic countries was col-
lected and processed in the course of
the year.

The chairman of the grid study group
is participating as Nordel's representa-
tive in a working group within Unipe-
de, that is studving the actual transmis-
sion of power on tie-lines in Western
Europe in relation to transmission capa-
city. The Planning Committee has sub-
mitted a data base on the Nordic tie-
lines to this group. The Unipede report
is scheduled for completion in the
autumn of 1984.

Thermal power Committee

The committee and its working groups
have through meetings and seminars
during the year promoted the exchange
of experience within the thermal po-
wer field. Urgent matters have been gi-
ven special attention.

The annual report from the commit-
tee’s group for nuclear fuel states that
there is a continued ample access o
raw uranium and capacity for enrich-
ment and fuel production. The report
expands on the treatment of spent fuel
and the related costs. The total opera-
ting cost related to the nuclear fuel is
estimated to SEK 0.06-0.07/kWh for a
power plant that is taken into operation
in 1995.

The committee's operation and mainte-
nance group has dealt with different

matters as ¢ g condition control and ef-
ficiency control of thermal power
plants. The group has published the ye-
arly report on »Availability Statistics for
Thermal Power Plants» where availabi-
lity and outage data are given for Nor-
dic gasturbines and fossile and nuclear
power plants. At a seminar for mainte-
nance managers experiences were sha-
red or matters 4s maintenance strate-
gies, computer-based maintenance in-
formation system and maintenance
procedures for boilers and turbines.

Two other seminars has been arranged
during the vear by the committee. The
first presented the foundings of the
Swedish »Coal-Health- Environment»
project, where ways to deal with the
health and environmental problems
connected with increased use of coal
power in Sweden are given. At the se-
cond seminar, concerning material
problems associated with thermal pow-
er plants, issues as the longevity of
components, different kinds of corro-
sion and choice of material were
discussed.

The thermal power committee has be-
en asked by Nordel to follow the Nor-
dic work on a common standard for
sulphuric discharge in order to allow a
proper impact from the power compa-
nies on the future work by the Nordic
Council.

At the request of the Nordic Council of
Ministers, the committee is together
with the Planning Committe perfor-
ming a survey on the expected produc-
tion cost of future power production in
the Nordic countries.

The research and development activi-
ties within the thermal power field ha-
ve been followed by the committee.
Special attention has been given to the
work by NKA (the Nordic Contact Or-
ganization for Nuclear Energy) and its
project on »Human Reliabilitys (LIT)
has been presented to the commitiee.
Certain projects concerning nuclear
power, as well as the problems of de-
sulphurization and the handling of fly
ash will be followed specially.

Other matters treated by the commitiee
are e g

— the use of Life Cycle Cost (LCC)
analyses




— the information to the public con-
cerning the safety and the waste dispo-
sal connected with nuclear power

B Moller Jensen from Sonderjyllands
Hojspendingsverk has joined as a new
member during the year,

Denmark
Economic development

There was a perceptible easing in 1983
of the balance of payments problems
that have marked the economy of Den-
mark in recent vears, The balance of
payments deficit was reduced to 10.5
milliard DKK as against 18.5 in 1982.
Growth in prices and incomes was
halved. At the same time there was a
pronounced fall in the level of Danish
interest rates. Finally, several years in-
crease in the number of unemployed
came to a standstill. The rate of unem-
ployment, adjusted for seasonal varia-
tions, has thus remained largely un-
changed since the spring of 1983, This
implies that employment in the private
sector was increasing for the first time
in a number of years.

This favourable state of affairs is the re-
sult of widespread economic and poli-
tical intervention: outside factors have
played a part too. Energy prices and the
level of international interest rates have
been decreasing. Morcover, industry
had the benefit of improved conditions
of export markets following upon
slight but obvious signs of an upswing
in the outlook for international trade.

Improved marketing conditions led in
1983 to an increase in production in
the private urban trades of 3 % com-
pared to 2 % in 1982. The growth in
the gross national product remained.
however, at 2.5 % because growth in
the public sector was weaker.

This encouraging picture of the econo-
my in 1983 is also expected to hold
good in 1984. Employment, incomes,
prices and the deficit in public finances
are thus expected to continue to deve-
lop positively, but a deterioration is ex-
pected in the balance of payments.

Energy policy

The Danish government confirmed in
1983 the main lines of its energy poli-
¢y. which has hitherto enjoyed wide-
spread support. This multi facetted po-
licy will thus continue to have as its
objective to ensure that society has
access to energy at lowest possible pric-
es. to reduce vulnerability to failures of
supply, and to increase the efficiency of
energy utilization,

Attempts are made to further as fas as
possible the prospecting for and extrac-
tion of Danish sources of energy. For
example, steps were taken to include a
number of new oil and natural gas con-
cessionaries in such activities. Dansk
Undergrunds Consortium — hitherto
the sole concessionary — recovered in
1983 some 2.5 million tons of oil, cor-
responding to about 15 % of Den-
marks’s gross energy consumption. The
production of natural gas will be ini-
tiated in 1984, and oil production will
be further increased at the same time.

The purposeful efforts of the power
companies to convert stations from oil-
to coal-firing (which led in 1983 to coal
constituting 96 % of all fuel consumed
by Danish power stations) are in comp-
lete agreement with the objectives of
Denmark’s energy policy. This policy
also implies that expansions of power
stations are made by constructing com-
bined heat and power units in location
where the heat can be used to the ad-
vantage of society.

Denmark’s power sector plays a signifi-
cant part in several fields when heat
supplies are planned for the country:
heat is supplied directly from the pow-
er stations in the most densely popula-
ted areas, while electrical heating, to-
gether with a number of alternative
sources of energy, will in time replace
much ofthe 0il used for heating in areas
that cannot advantageously be supplied
with power-station heat or natural gas.

The transition to coal-firing of power
stations is not without problems, how-
ever. It is difficult to get acceptance for
the disposal of ash that cannot be uti-
lized, and of future desulphurization
products. Moreover, imports from poli-
tically sensitive areas of the world can
lead to problems. As a case in point the
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government and Folketing (parliament)
appealed in 1983 to Danish power
companies to terminate their large im-
ports of coal from the Republic of
South Africa before 1990. Because
South Africa dominates the coal mar-
ket, a committee of representatives of
the Ministry of Energy, the Ministry of
Foreign Affairs and the power compa-
nies was set up to evaluate the possibili-
ties and consequence of terminating
coal imports from this country.

In the nuclear sector Danish power
companies assisted the Ministry of En-
ergy with information on nuclear fuel
prices, as well as on the construction
cost of coal-fired and nuclear power
plants. This information will be in-
corporated into the Ministry's compari-
son between coal and nuclear power.
During 1983 the authorities continued
to work on their report on the safety of
nuclear power and on their evaluation
of the utilities” investigation of the
disposal of highly active nuclear waste.
The authorities plan to complete their
work in the spring of 1984, whereafter
the reports may be included in the ba-
sic information material on which a de-
cision could be taken regarding the use
of nuclear power in Denmark.

Power production and consumption

In 1983 Danish power stations import-
ed approximately 8.1 TWh from Swe-
den and Norway and exported a total
of 2.4 TWh, mainly 1o West Germany.
The net import of 5.7 TWh covered
about 23 % of the power consumed in
Denmark, as against some 15 % in
1982 and about 30 % in 1981.

The remaining 77 % of the power con-
sumed in 1983 was produced by coal-
and oil-fired power stations, in part in
conjunction with the production of

heat by combined heat and power plants.
The production of 19.2 TWh was about
8 % less than in 1982,

The combined costs of and import of
power in 1983 were lower than budget-
ted. Reasons for this lie partly in coal
prices that were lower than expected
and partly in the increased imports of
power at prices lower than production
costs in Denmark. These circumstances
led to a reduction of power prices over
the whole of Denmark.
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Power consumption in Denmark was
24.9 TWh — an increase of 2.0 % com-
pared to 1982, The increase is thus a
little greater than that for 1981—82, in
spite of the fact that the first months of
1982 were marked by an unusually
hard winter, whereas the same period
of time in 1983 enjoyved the mildest
weather for that season during the last
50 years.

Fuel

Supplies of power-station fuel, which
consisted almost entirely of coal in
1983, amounted to about eight million
tons. Of this, some 15 % was transport-
ed by ships owned by power compa-
nies, whose tonnage increased to
312,900 tdw during 1983. Now ELSAM,
the owners, are Denmark’s third largest
shipping line judging by tonnage.

The main part of the extensive pro-
gramme for converting power stations
to coal-firing is now complete, and it
will presumably come to an end in
1987. The result is that coal continues
to comprise an increasing share of the
fuel consumed by Danish power sta-
tions, which in 1983 corresponded to a
total of a good 8.3 million tons of coal.
The share of coal in the year under re-
view was 96 %, and it is expected to be
about 95 % or more so long as there
are large differences between the prices
of coal and oil.

The international coal market was
marked by excess production. Condi-
tions for coal purchasers were better
than expected with low-prices spot of-
fers and generally falling prices. The
price level has now, however. dropped
so far that production will doubtless be
adapted to demand in order to stabilize
developments. Prices are therefore ex-
pected to increase again after a period
of time.

Coal purchases by the power compa-
nies are distributed over eight supplier
countries a system that, for example re-
duces the effects of possible failure of
any single supplier country. The most
market difference in the distribution
pattern in 1983 was a reduction in the
share of coal supplied by the USA. The
reason for this was that their prices
were not competitive as a result,
among other things, of high rail-freight
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charges. Coal from Poland in particular
was able to assert itself; this tendency is
expected to continue.

Expansion

On Zealand, the expansion of the 143
MW unit 1 of the Stigsnaes power sta-
tion was completed in 1983, According
to plants this is the last conversion
from oil- to coal-firing east of the Great
Belt.

Two Danish power stations were being
extended in 1983, both being provided
with combined heat and power units.
Studstrup, north of Arhus, is having
two 350 MW units, which will be in
operation in 1984 and 1985, while the
R.C. @rsted plant, Copenhagen, is
being provided with a back-pressure
unit of 88 MW to be operational in
1985. The maximum electrical output
of the @rsted unit will be the 88 MW

+ 182 M]/sec. water, while the maxi-
mum heat output will be 224 M]/sec.
steam + 49 MWe. The electrical capaci-
ty of the Studsrup units will be limited
to 2 x 245 MW when the heat output is
at its maximum of 2 x 480 MJ/sec.

In northern Jutland a start was made on
converting the 269 MW unit 1 of Nord-
kraft to coal-firing. It is expected to be
in operation again in mid 1986.

Work started on strengthening the 400
kV connection between Zealand and
Sweden. It is expected to be finished
during 1985.

In 1983 the final decision was taken re-
garding the next expansion to take
place on Zealand. This will be two
combined heat and power units in
Copenhagen. These units, each of 235
MW, are unit 3 of the Amager power
station, to be put into operation during
October 1989, and the first unit of the
Avedore power station, 1o be opera-
tional in February 1991. The handling
of applications by the authorities and
the project engineering are on sche-
dule. The first official approvals are ex-
pected in 1984, when the first orders
will be placed too.

The power companies east of the Great
Belt decided in 1983 to set up a wind-
power farm on southern Zealand. The
wind farm is expected to be complete

in 1986 and will then consist of five
identical wind-power plants with a to-
tal output of about 3.8 MW. In addition
it is expected that a number of small
wind-power farms, each of about |
MW, will be established, mostly under
private management.

A basis has been achieved for an agree-
ment concerning a link-up between the
eastern and western power supply sys-
tems in Denmark. This will take the
form of a 350 MW submarine cable
connection for high-voltage direct cur-
rent. The matter has not vet been dealt
with by the board of the respective
POWET COmpanies.

Expansion plants further comprise a
conversion to coal-/ oil-firing of NEFO's
3005 MW unit 2 in northern Jutland.
Work is expected to be carried out
between 1985 and mid 1987. Finally,
work continues on small CHP plants.
Denmark’s first natural-gas-fired CHP
plant, 2 MWe, was put into operation in
1983, In addition a decision was taken
to set up an experimental CHP plant of
5 MWe at the Technical University of
Denmark.

Finland

Economic devolpment

The international recession, which had
continued since the second oil crisis
turned into growth at the beginning of
1983. The total production of the
OECD-countries increased by 2 % dur-
ing the year. As a result of increased ex-
ports to the West the economic activity
in Finland grew in 1983, The gross na-
tional product increased by 3.5 % (2.6)
to FIM 265,000 million. The industrial
production increased by 3.5 %. Im-
ports increased by 5 % to a value of
FIM 83,000 million. The value of ener-
gy imports increased to FIM 18,900
million, which is 23 % of the total val-
ue of imports in 1983, Exports increas-
ed by 4 % and the deficit in the terms
of trade increased to FIM 5,300 milli-
on. Consumer prices rose by on an
average 8.4 % during the year.

The number of unemployed continued
to grow during the year, The number of
unemployed averaged 156,000, which
is 6.2 % of the total work force.




Energy policy

Energy programme. The Council of
Sute approved a new energy pro-
gramme in February 1983. In the pro-
gramme the changes in energy situation
during the last years have been
observed.

General plan for electric power supp-
fy. In October the Council of State app-
roved the general plan for electric pow-
er supply for the years 1983— 1992, In
the plan the Council of State did not
state its position to further construc-
tion of hydro power nor to the propos-
ed 1,000 MW nuclear power plant.

Nuclear energy legistation. In Septem-
ber the Council of State appointed a
group of ministers to prepare the Go-
vernments bill to a new Nuclear Energy
Act. For the bill the Ministry of Trade
and Industry has prepared a proposi-
tion, which to its main part is based on
a report from the Draft Commission for
Legislation of Nuclear Energy.

Energy consumption

As a result of the better economic deve-
lopment there was a small increase in
the consumption of primary energy
during the second half of the year, and
it totalled 221 TWh for the whole year.
(The different energies have been con-
verted to primary energy according to
heating content. Hydro power, nuclear
power and net imports have differing
from official practice been converted
according to energy content, i.e. with a
conversion coefficient 1.) The share of
electricity of the total energy consump-
tion continued to grow. Domestic input
in energy production increased from
28 % during the previous year to 29 %
in 1983. Consumption of fuel oil de-
clined significantly. As a result, the sha-
re of oil decrease to 46 % of the total
energy consumption. Production of
condensing power was low during the
year. Therefore also coal consumption
remained low.

Electricity consumption increased dur-
ing the vear by 6,4 % 10 45 TWh. The
increase was a result of higher industri-
al production and increased electricity
use especially by industry and district
heat production. The number of homes
heated with electricity rose during the
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year by 27,000 to a total of 270,000.
Most of the new one-family homes are
heated with electricity.

Electricity production

Nuclear power production rose to 16.7
TWh, which is more than 40 % of the
total electricity production, The load
factor was high, 87 %. As a result of
the favourable water situation, hydro
power totalled 13.4 TWh, which is a-
bout 10 % higher than normal. As a re-
sult of high production levels of hydro
and nuclear power, back-pressure
production was at the same level as in
the previous year, 8.8 TWh. The above
production and net imports of 4.8
TWh covered 97 % of the total
demand.

Fixed imports from the Soviet Union
amounted to 4.1 TWh and will conti-
nue in accordance with the present
agreement with 4 TWh/year until the
end of 1989.

Teollisuuden Voima Ov carried out
power escalation tests on both nuclear
power units at Olkiluoto of 660 MW
each. The capacity was raised by 3 %
to 680 MW.

Deliveries to electric boilers amounted
to (0.9 TWh. The electric boilers replac-
ed the use of fossile fuel in heat pro-
duction at district heating and industri-
al back-pressure plants during low load
periods.

Conversions. Due to changes in the fu-
¢l price situation six oil-fired power
plants were converted to coal or peat
firing. The last one, Kristiinankaupunki
(220 MW), which to its capacity is the
biggest, was converted during the vear.

Construction. Two hydro power plants
were commissioned: a new one, Anja-
lankoski (19 MW) and Klasard (5 MW),
which was renovated in the river Kymi.
Inkeroinen (37 MW) was added to the
number of industry’s back- pressure
power plants.

The conversion of Kotkan Hoyryvoima
Oy's Mussalo | from condensing power
to district heat production was
completed,

In Helsinki a district heating plant of
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140/270 MW (electricity/heating capa-
city) is under construction. Of the hyd-
ro power plants Vajukoski (21 MW) in
the river Kitinen in Lappland is estimat-
ed to be completed in 1984. Imatran
Voima Qy (IVO) has started the const-
ruction of a peat-fired district heating
plant of 60/120 MW at Joensuu and one
of 80/180 MW at Jyviskyld. Deliveries
of district heat to the two towns is esti-
mated to begin in 1986.

Investigations. IVO completed its in-
vestigation of a new basic power plant
and submirted a report to the Ministry
of Trade and Industry. Condensing
power plants were compared with re-
spect to economy, adjustment to the
electricity system, operational reliabili-
ty, fuel availability, and their impact on
the economy and environment. Nu-
clear power proved to be the best alter-
native. See figure 4 on page 10.

IVO also investigated the prospects for
development of local energy supply in
conjunction with communities and
industry.

Investigation of energy supply alterna-
tives in the Helsinki metropolitan area
was continued. Among others the pro-
spects for using natural gas for heat
production and for using heat from the
coal condensing power plant at Inkoo
by building a heating line to Helsinki
were investigated. The investigation of
a Swedish district heating reactor was
completed.

National grid

Use of a second transformer of 400/110
kV, 400 MVA at Lieto began during the

year. About 400 km new 110 kV power
lines were completed.

Construction work on a 400 kV power
line between Olkiluoto-Kangasala, 162
km, and on Kangasala 400/110 kV trans-
former was continued and will be com-
pleted in 1984.

Electricity prices

The structure and price level of the
bulk price of electricity was modified
twice during 1983, which resulted in a
decrease of 4 % . The average prices of
IVO'’s bulk tariff sales decreased by 12
% . The average prices of the distribu-
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tion tariffs of the utilities declined by
on an average 0.4 p/kWh to 32.3 p/kWh
from December 1982 to December
1983.

Research and development

Electric beating. IVO’s nation-wide
heating project for one-familiy homes
was completed in the autumn. In addi-
tion to investigating heating methods
and energy consumption in 1,000 one-
family homes, electric heating techniq-
ues were also developed. The result of
the projekt was an objective confirma-
tion of electric heating being an eco-
nomic heating method for one-family
homes. The project continues, and is
now directed at renovating one-family
homes.

Heat pumps. At Uusikaarlepyy and
Forssa it is decided to build demonstra-
tion plants for district heat production
by heat pumps using municipal waste
water and ground water. Exhaust-air
heat pumps were tested and installed in
a few multi-story houses.

Parallel use of electricity and fuels.
Prospects for producing heating energy
for houses and industry by parallel use
of electricity and fuels were studied
and test plants were built. The potential
is estimated to 7- 8 TWh/a, of which
the share of electricity variates between
53-95 % depending on warter and capa-
city situation.

Environment and nuclear waste. Envi-
ronmental effects of different energy
production methods were compared
and the results were used in the work
of studies of basic power plants. The
work was expanded to comprise studi-
es, development and optimization of
suitable technical solutions for treat-
ment and final disposal of nuclear
waste.

New applications. Investigation of do-
mestic fuels was contninued by con-
centrating on peatland research and de-
velopment of methods for peat produc-
tion. IVO started a large willow setting
for studying different kinds of willows.
From the research programme for nu-
clear fuel in co- operation with organi-
zations from the Soviet Union the first
concrete results were received during
the year under rewiev.
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Demonstrations of different methods
for storing heat for instance in the be-
drock, and salt in combination with
heat pumps were started. Concrete re-
sults were received from the investiga-
tions of prospects for a4 more rational
energy utilization in small and medium-
sized industry.

Iceland
Electricity production

Total electricity production in Iceland
in 1983 amounted to 3,766 GWh
(3,575), of which 95.3 % (95.3) was
generated by hydro, 4.5 % (4.4) by geo-
thermal and 0.2 % (0.3) by diesel
power.

Gross consumption amounted to 3,766
GWh (3.575), of which 3,499 GWh was
primary and 267 GWh non-contracted.
Gross consumption grew by 5.3 %
(9.7). Energy-intensive industry
accounted for 56.5 % (56.4) of gross
consumption and grew by 5.5 % (12.2).
After adjustment for limited rationing
to energy-intensive industry during the
first few months of 1982, the figures
for 1983 show an increase of 4.8 % (in-
stead of 5.3) in total consumption and
an increase of 4.5 % (instead of 5.5) in
consumption by energy-intensive in-
dustry (actual consumption in 1983
compared with consumption in 1982).

General consumption increased by 5.1
Y% "().7}4

Installed capacity of lcelandic power
plants at year-end 1983 totalled 908
MW (904), of which 752 MW (752) re-
ferred to hydro, 127 MW (126) to con-
ventional thermal energy plants (diesel,
condense, gas turbines) and 29 MW
(26) to geothermal power.

The figures for geothermal plants refer
to available rather than installed capaci-
ty. Available capacity was limited as in
previous years by the accessible quanti-
ties of geothermal steam. At year-end,
the Krafla plant was generating 20 MW,
and steam for another 10 MW had been
brought to the surface but had not yet
been supplied to the plant.

National grid

The expansion of the 132 kV national
grid continued in 1983 with the const-
ruction of the final 250-km link in a
circular power line around lceland,
from Hefn in the southeast in a wester-
ly direction along the south coast to
the Sigaida hydro plant in Sydlandet.
This power line was scheduled for
completion in late 1983, but the cut-
backs in public investment resulting
from the new government’s economic
programmie to combat inflation requir-
ed postponement of construction acti-
vities, so that the line will be complet-
ed by 1984 at the earliest,

Energy policy

Elections for the Icelandic Alting (par-
liament) were held in April and a new
government took office in May. The
new government’s energy policy is not
very different from its predecessor’s,
except on one point: energy- intensive
industry and foreign investment in this
industry. The energy policies of both
governments placed great emphasis on
the significance for the country’s future
economy of utilisation of energy re-
sources for energy-intensive industry,
in the light of the fact that the most im-
portant fisheries and the country’s ve-
getation resources are over- exploited.
But while the previous government’s
policy emphasized the concept of »ef-
fective Icelandic control» of energy-
intensive industrial operations, which
often took the form of requiring an Ice-
landic majority shareholding in the
companies involved, the new govern-
ment has adopted a more flexible posi-
tion regarding foreign investment. It
has stated thar an Icelandic majority
shareholding is not always desirable, e.
g. when there is a high level of risk.
Each case is to be handled individually
in this respect.

In the summer of 1983 the government
appointed a so-called Big Industry
Committee, whose task is (o promote
the development of energy-intensive in-
dustry in Iceland and in particular to
establish contact with possible foreign
interests and partners. The Committee
has had preliminary discussions with
companies in a number of countries,
but it is still unclear whether these will
lead 1o concrete results.




Negotiations with Alusuisse

As mentioned in the Annual Report for
1982, negotiations are in progress be-
tween the Icelandic government and
Alusuisse regarding adjustment of the
price of power paid by the latter’s Ice-
landic subsidiary ISAL, which on Janua-
ry 1, 1983 was paying SEK 0.047/kWh
(about mUSD 6.475/kWh at current ex-
change rates).

These negotiations had not yet been
completed when the new government
took office in May, 1983. This govern-
ment resumed negotiations and on Sep-
tember 23, 1983 an interim agreement
was signed under which the contracted
price of SEK 0.0509/kWh (mUSD
0.475/kWh) will be increased by SEK
0.0081 (mUSD 1.025/kWh) retroactive-
ly from July 1, 1983 and by an additio-
nal surcharge of SEK 0.0157/kWh
(mUSD 2.0/kWh) from September 23,
1983. The price of power to ISAL inclu-
sive of these surcharges will thus be
SEK 0.0747/kWh (mUSD 9.5/kWh) as
per September 23, 1983, An additional
charge of SEK 0.0039/kWh (mUSD
0.5/kWh) will be levied if the price of
aluminium on the London Metal Ex-
change (LME) exceeds USD 0.78/1b for
20 consecutive days, which has not yet
occurred as of this writing (March 1,
1984). (The agreement, like the original
contract, stipulates prices in mUSD.
These have been converted to SEK in
this report at the rate prevailing on Sep-
tember 23, 1983.) The interim agree-
ment applies until the parties agree to a
permanent adjustment of the main
contract, or — if such an agreement is
not reached by June 23, 1984 — indefi-
nitely, subject to termination on three
months’ notice,

Norway
Economic development

Norwegian GNP increased by 3.3 % in
1983, a relatively strong increase in
comparison with the two previous
years. Growth continues to be some-
what below the uniform growth level
of the 1970's, when the annual increase
was about 5 %.

Operations in the oil sector comprised
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the main factor contributing to the
strong growth in GNP in 1983. Produc-
tion of oil and gas in 1983 exceeded 55
million tons. GNP generated by oil ex-
ploitation (including drilling and pipe-
laying) increased by 15 % from about
17 % 10 about 18.5 % and referred
primarily to the expansion of capacity
in the Statfjord field.

The pattern of growth in other indust-
rial sectors was more varied, The GNP
declined in sectors which are protected
from competition and in those which
compete on the domestic market,

while GNP rose in industries compet-
ing on the international market. Among
other things, this resulted in a consider-
able increase in energy-intensive in-
dustries. The electricity-supply indust-
ry was also one of the high-growth sec-
tors. but this must be seen in the light
of the good flow conditions in 1983,

The foreign trade surplus (oil included)
accounted for 8 % of GNP, about the
same level as in the two previous years,
but in comparison with the average for
the 1970's a foreign trade deficit of
about 3 % is in the nature of a con-
siderable surplus because of the oil
activity.

Private consumption rose by 1.5 % in
constant prices, which was somewhat
above the level for the two previous
years.

Real capital expenditure by businesses
exclusive of the oil sector declined by
6.6 %. The greatest declines were in
shipping and industry. There was also a
considerable drop in investment in the
housing sector. Housing construction
in 1983 was substantially below the
goal set by the government.

Total employment did not increase in
comparsion with 1982, but there were
great structural changes in employment
in different industries. Employment
declined in primary sectors and indust-
ry, while there was a corresponding
growth in the service sectors. The num-
ber of man-hours worked in the Nor-
wegian economy has been more or less
constant since 1980,

The growth of total employment was
lower in 1983 than for several years,
while there was a considerable increase
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in the work force. A total of 72,000
people were unemployed at year-end.
The average unemployment figure for
the year was 63,500,

Energy policy

No new important White Papers on
general energy policy were presented
to the Norwegian parliament (Storting)
in 1983, but a number of papers pre-
sented in 1982 were dealt with.

The Paper on new and renewable ener-
gy sources received the general support
of parliament, but the desirability was
indicated of a stronger link between in-
dustrial interests and research activities
these energy sources.

The Storting also gave its support to
Government Bill no. 130 (1981—1982)
on meeting power needs in the 1980°s
and the conditions for the total hydro
plan. but emphasis was given to the im-
portance of assigning priority to energy
savings as part of the effort to meet na-
tional power needs.

The Storting dealt with Government
Bill no. 157 (1982—1983) regarding jo-
int ownership rights of the countries of
Rogaland, Hordaland and Nordland in
expansion of state hydro power, and
restricted the rights of one of the
countries somewhat in comparison
with the government’s proposal.

Government Bill no. 6 (1982—1983)
conmained a proposal for easing of spe-
cific price and delivery conditions re-
garding energy supplics from state
power stations to energy-intensive in-
dustry and the wood-conversion in-
dustry. A number of points in this pro-
posal were changed so as to be more fa-
vourable to industry.

Electricity production

Electricity production in 1983 amount-
ed to a full 106 TWh, which corre-
sponds to an increase of about 14 %,
Flow conditions were particularly
good in 1983, and the strong increase
in relation to 1982 should be consider-
ed in the light of the fact that flow was
somewhat less than normal in 1982,

Together with a substantial increase in
domestic consumption, the favourable
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power situation provided a basis for re-
cord net exports of a full 13.4 TWh.

Reservoir supplies increased by about 6
TWh during the year and at year- end
were about 115 % of normal. Reservoir
capacity increased by 1.4 TWh to 64.9
TWh.

Electricity consumption

Primary power consumption increased
by about 5.7 % in relation to 1982, The
average annual increase over the past
10 years was 4.3 %.

General consumption of primary pow-
er increased by 2.1 % as compared
with an annual average of 4.4 % over
the past 10 years, The increase was
about 3.3 % after adjustment for tem-
perature conditions in 1983, The rate
of growth of adjusted general con-
sumption was in 1983 somewhat lower
than assumed in the government’s basic
forecast, but the adjusted general con-
sumption is still about 3.7 TWh above
the level assumed in the government
forecast. The main cause is presumed
to be the fact that electric heating in re-
cent years has been considerably
cheaper than oil- fired heating, so that
conversion to the former has been
more intensive than previously anti-
cipated.

Consumption of primary power by
energy-intensive industry increased by
11.7 % in 1983. This strong increase
reflects the improved international
market situation for such industry and
is connected with the general improve-
ment in international business condi-
tions. The improvement in business
conditions appears to have had less
effection on industry in general.

The maximum system load in 1983
amounted to 15,300 MW. Electricity
accounted for 48.2 % of the theoretical
energy content delivered to users (net
end-user consumption). Oil consump-
tion accounted for 40 %, while solid
fuel and gas accounted for the remain-
ing 11.8 %. Electricity consumption
continued to increase its share of total
energy consumption at the expense of
oil. After several consecutive years of
decline, there was a limited increase in
comparison with 1982.
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Summary

Energy prices

The price of energy delivered by the
State Power Board for general con-
sumption increased from 11.13 ore/kWh
to 13.36 ore/kWh on July 1. 1983, A de-
cision has been made regarding an
additional increase to 14.70 ore/kWh
on July 1, 1984. The price is the calcu-
lated average for 6,000 hours of
consumption and refers to central areas
served by step-down transformers.

The average price of electricity deliver-
ed to households and agriculture was
27.8 ore/kWh in 1983, including all
charges. It is assumed that this price
will be 31 ore/kWh,

The industrial and service sectors pay
in some areas slightly more for general
electricity supplies than do households
and farms. This problem was the object
of a good deal of discussion in 1983,
and industry wants several power sta-
tions to change their pricing policies.

The general electricity tax levied on
users in 1983 amounted to 2.5 ore/kWh
and applied to deliveries to energy-
intensive industry and the general pub-
lic. The iron. steel, aluminium and
ferro-alloy industries were exempted
from this tax for the whole of 1982 and
the first half of 1983. This exemption
wis subsequently extended to the se-
cond half of 1983 for all these indust-
ries except aluminium,

The cost of expansion of hydro power
has risen sharply in recent years, This is
traceable to the introduction of new
working-environment regulations and
to the competition for specific types of
manpower in the oil industry. The
long-term maximum cost for hydro is
being reviewed. The current figures for
delivery of primary power for general
consumption by a subscriber are 27
ore/kWh plus an annual total charge
which varies locally. (NOK 1.500-3.500
vear) per subscriber. The correspond-
ing cost for oil-heating as projected in
1983 was about 38 pre/kWh (70 % eff-
iciency).

Expansion of capacity
At year-end 1983 production capacity

for primary power in the Norwegian
system amounted to about 92 TWh, in-

cluding import potential, New installa-
tion during the vear increased capacity
by about 1.8 TWh, or about 2.0 %. The
annual increase in capacity over the
past five years has been 2.7 %.

There was a slight increase in installa-
tion of new units in 1983, Plant capaci-
ty (maximum capacity in plants with
an output of at least 1 MW) in the Nor-
wegian system increased by 407 MW or
about 1.8 %, to 22,580 MW (including
278 MW referring to district heating).

State power stations own about 30.9 %
of plant capacity, municipalities and
counties 52.6 % and private and in-
dustrial corporations 16.5 %.

The oil industry

Operations continued at a high level on
the Norwegian continental shelf in
1983. Drilling operations were at about
the same level as in 1982, Promising
finds were made in Block 34/4 and in
the Haltenbanken. Construction of the
statpipe line was started in 1983. The
projected cost of this pipeline is about
NOK 20 billion. Tt will connect the
Gullfaks, Heimdal and Statfjord fields
and will transport gas to the continent
via Kirste in Rogaland,

The government and the Phillips Group
decided in 1983 to implement a water-
injection project in the Ecofisk field at
a cost of about NOK 9 billion. The
project is expected to increase the oil
output of this field by about 27 million
tons.

Sweden
General Economic Development

The improvement of the international
and above all the North American busi-
ness climate beginning in early 1983
led to a certain recovery of the Swedish
economy as well. Sweden’s gross natio-
nal product rose by 1.9 % according to
preliminary calculations, owing mainly
to a substantial rise in exports of goods
and services. Market share develop-
ment benefitted both from a decline in
relative prices after the devaluations in
1981 and 1982 and by a favorable com-
position of goods in Swedish exports.




Overall, exports are estimated to have
increased by more than 11 % in volume
as compared to 1982, Total domestic
demand, on the other hand, declined
by an estimated 1.5 %. Private con-
sumption was down by 2 % and invest-
ments by more than 3 %.

The strong growth of export demand
as well as a certain increase in the mar-
ket shares of Swedish industry on the
home market led (o an estimated inc-
rease in industrial production of slight-
ly more than 4.2 % between 1982 and
1983, Increases in output were repor-
ted for all industrial sectors except for
ironore and shipbuilding. There were
especially significant increases in non-
ferrous ores, the pulp industry. petro-
leum refineries and non-ferrous me-
tallurgy.

Foreign trade in 1983 yielded a surplus
of approximately SEK 10 billion, which
represents an improvement of 17 billi-
on as compared to 1982. The improve-
ment is in its entirety attributable to a
strong increase in the real foreign ba-
lance. While, as mentioned, exports ro-
se by more than 11 % in volume terms,
imports were up by only a little more
than 1 %. The deterioration of terms of
trade after the devaluation of the au-
tumn of 1982 was less than expected.
Export companies used the devaluation
in part to raise their formerly depressed
profit margins, while import compan-
ies reduced their margins to some ex-
tent in order to avoid loosing market
shares, The balance of services was also
strenghtened by increased net shipping
revenues and a reduced deficit on tou-
rism. The positive trend in the balance
of goods and services was counteracted
by a continued increase in net interest
paid to other countries. Overall, how-
ever, the deficit in the balance of cur-
rent payments was down by slightly
more than SEK 16 billion. This is to be
compared to a deterioration of 8,5 billi-
onin 1982,

Crude oil and petroleum products ac-
counted for 22 % of the total value of
imports in 1983, which is one percen-
tage point less than in 1982, Imports of
crude increased significantly, but at the
same time, there was a sharp increase
in exports of refined products, which
now constitute one of Sweden’s biggest
exportsectors. Netimports were around
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9 % below 1982 in volume terms, and
were at about 60 % of what they were
in the mid- 1970s. The shift in oil im-

ports from the Mideast to suppliers in

Europe is continuing.

Deliveries of fuel oil in Sweden. especi-
ally industrial fuel oils, were down
sharply, while gasoline consumption
continued to increase somewhat.

Investments continued to drop for the
third year in a row. The decline was
preliminarily 2.5-3.0 % both for buil-
dings and machinery (not including the
merchant marine), Business and indust-
rial investments (including public utili-
ties) were down by slightly more than 4
%, while public authorities showed a
rise of nearly 3 %. Investments in new
housing were down by 11 %. Invest-
ments in renovation increased by an es-
timated 5 %, which represents a sub-
stantially slower rate than in 1982. The
number of housing units completed in
1983 was around 43,000, as compared
to 45,100 the previous year. The net in-
crease in single-family homes was aro-
und 3,600 less than the year before,
while the outpur of flats in multi-family
dwellings increased somewhat.

Unemployment continued to rise. At
vear-end, 3.3 % of the labor force was
out of work, and 4.4 % were employed
as a result of labor markert policy mea-
sures. [n addition, there was consider-
able partial unemployment. The num-
ber of newly registered job openings
did, however, increase slightly during
the vear, and especially in the enginee-
ring industry there was a lack of skilled
workers and technical personnel.

The consumer price index rose by 9.3
% from December 1982 to December
1983, which is a slightly smaller increa-
se than in the preeceding 12- month pe-
riod. The net price index. which is
equal to the portion of the consumer
prices not made up of taxes (but aug-
mented by subsidies), was up by 5.5 %
in the same period.

Energy Policy

The National Swedish Energy Board be-
gan its operations on July 1. At the end

of the year, the Government established
a council on energy technology which,
under the direction of the Minister of
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Energy. is intended to serve as a forum
for regular consultations in questions
of energy technology between the Go-
vernment, manufacturers, energy-users,
and employees.

The commission on hydroelectric po-
wer appointed by the Government in
1982 submitted its report in September.
The report proposes that the next ten
vears' expansion of hydroelectric po-
wer should comprise additions or reno-
vations of existing power plants as well
as new installations to be built on rivers
or sections of rivers which are deemed
not to be among those given highest
priority for conservation. Power plants
are not to be built on the four main ri-
vers not vet harnessed in Sweden, ac-
cording to the proposal. The National
Energy Bodard was later commissioned
to carry out certain supplementary stu-
dies on questions including which pro-
fitable developments can be started
first, the consequences of the proposal
for manufacturing industry and the
possibilities of retaining competence in
the area of hydraulic engineering. A
Government bill is expected in the
spring of 1984,

During the autumn, the Government
presented a bill on nuclear engineering
activities which essentially follows the
proposal made by the Nuclear Legisla-
tion Committee carlier in the year. The
law, which was adopted by the Swedish
Riksdag (parliament) in early 1984, su-
percedes the Atomic Energy Act, the
Act on Conditions for Nuclear Plant
Operation, and the Act on Public In-
sight in Safety Work at Nuclear Power
Plants. The phrase of »entirely safen,
which is used in the Conditions Act in
reference to methods of disposing of
spent nuclear fuel, is not included in
the new law. Nuclear companies are in-
stead obliged to show that there is a
method which is acceptable from the
standpoint of safety and radiation pro-
tection requirements, as well as to have
a research program aimed at fulfilling
these conditions. The programs are to
run for six years at a time and are to be
reviewed and evaluated every third
year.

Applications for permission to charge
the last two units in the Swedish nuc-
lear program, Forsmark 3 and Oskars-
hamn 3, were submitted to the Govern-
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ment in May. At the same time, the
KBS-3 study was presented, which ac-
cording to the applicants shows that
spent nuclear fuel can be definitively
stored in a safe manner.

Svensk Kirnbrinsleforsorjning AB re-
ceived Government permission during
the year to construct and operate a fi-
nal depository for low and middle acti-
ve waste in Forsmark. The facility is be-
ing built in rock far below the seabed.

The Government set the charge for
handling of spent nuclear fuel and for
the phasing out and dismantling of
Sweden’s nuclear power plants at SEK
0.017 per kWh in 1983 and at SEK
0.019 per kWh in 1984,

During the spring, the final report for
the Coal-Health-Environment Project
was submitted to the Government after
three years of study. The committee
concludes that the Swedish environ-
ment can tolerate increased use of coal,
provided that advanced technology is
used, The report and the extensive do-
cumentation on which it is based will,
along with official comments - of
which many have been critical - serve
as the basis for a2 Government bill on
coal questions in the spring of 1984,

On July 1 a coal environment fund was
set up in order to facilitate investments
in modern purification and combustion
technology. The fund is financed by a
surcharge on oil of SEK 10 per cubic
meter.

Several plants for firing with domestic
fuels were built or started during the
year with financial support from the oil
replacement fund and the National En-
ergy Board. Among the projects recei-
ving support were some 50 new peat
plants. Special measures were taken to
increase the use of domestic fuels in
the province of Norrbotten. The Swe-
dish Riksdag decided further to grant
continued support in various forms for
0il replacement measures during the
period of 1984—1987.

Deliveries of natural gas from Denmark
to southwestern Scania province in
Sweden (The Sydgas project) are plann-
ed for the autumn of 1985. The state
now owns 50 percent of Sydgas AB.

Sammary

During the spring, Vattenfall presented
proposals for a pipeline for transport of
northern Norwegian natural gas to the
Continent. Vattenfall was subsequently
charged with continuing the design

and planning to some extent.

Energy taxes

The Riksdag decided in December on
guidelines for future energy taxation.
Energy taxation is to be one of the me-
ans of carrying out the transition to an
energy system based on lasting prefer-
ably renewable, domestic energy sour-
ces with minimal environmental im-
pact. The tax on oil is to be altered
whenever required 5o as to produce an
appreciable real price increase; domes-
tic fuels are to be favored by tax-emp-
tion; the tax on coal is to be raised in
stages until it reaches half the tax on oil
and the tax on natural gas is to be equal
to 3/4 of the oil tax in both cases as
computed on the basis of energy con-
tent: industrial use of electric power
should be given tax benefits as compar-
ed to the use of electricity for heating;
and electricity taxes should to some ex-
tent conform to the il ax.

The energy tax on electricity was raised
in July 1983 by SEK 0.012 per kWh,
with the exception of consumption in
excess of 40,000 kWh in industrial acti-
vity. The energy tax on oil was raised
on November 1, 1983 by SEK 120 per
cubic meter, In December, the Riksdag
decided to raise the tax on coal from
SEK 6 to SEK 97 per ton as of January
1, 1984 . Moreover, the tax on natural
gas was set at SEK 308 per 1,000 cubic
meters. Convertible electric boilers of
at least 1 MW were exempted from
clectricity tax during periods when
electricity is not being produced in oil-
fired power plants.

A special surcharge on oil products of
SEK 108 per cubic meter had previous-
ly been levied for the financing of the
oil replacement fund, the energy re-
search fund, and the coal environment
fund. The Riksdag decided in Decem-
ber to raise the oil surcharge by SEK 10
per cubic meter and simultaneosly in-
troduced a surcharge of SEK 0.06 per
liter on gasoline, SEK 10 per ton on co-
al, and SEK 0.002 per kWh on electrici-
ty produced in nuclear power plants.
The surcharges apply as of January 1,
1984.

Electricity Consumption

Total consumption of electricity in
Sweden, including transmission losses,
amounted to 110.8 TWh in 1983. This
represents an increase of 10.9 TWh, or
10.9 %, in comparison with 1982, This
is the largest annual increase ever in ab-
solute terms,

Of the total electricity consumption,
4.7 TWh consisted of deliveries of ex-
cess power to electric boilers (1.3 TWh
in 1982), The consumption of firm
power in Sweden was thus 106.1 TWh,
which is 7.6 % higher than in 1982,

Industrial consumption of electrical
power, which had previously declined
for three years in arow, recorded increa-
sing monthly figures from January
1983. The rise was very strong in the
second half of the vear, Annual con-
sumption in 1983 was 42.3 TWh,
which is 3.2 TWh, or 8.0 %, higher
than in 1982. Of the total industrial
consumption, 1.1 TWh consisted of ex-
cess power to electric boilers. If this
consumption is excluded, the annual
increase amounts to slightly more than
6 %.

Industrial sectors which showed espe-
cially large increases in electricity con-
sumption were the paper and pulp in-
dustry, the chemical industry, the wood
products industry, and mining. The tex-
tiles industry was the only one to re-
port a slight decline in consumption.
Consumption of electric boiler power
by the paper and pulp industry was 0.8
TWh, which is 5 % of the total con-
sumption of electricity by that sector.
Otherwise, excess power was used in
the iron and steel industry and the food
industry.

Electricity consumption by railroads
and tramecar lines was 2.3 TWh, or ba-
rely 3 % more than in 1982,

Electricity consumption in other sec-
tors (households, farming, services,
etc,) was up by almost 6.5 TWh, or
12.9 % to 56.5 TWh, of which 3.5
TWh was excess power to electric boi-
lers in heating plants. This kind of
power accounted for more than 2.5
TWh of the increase, Available statistics
do not permit a more detailed analysis
of the increase, However, it is known




that the use of electric boilers for firm
power to multi-family dwellings and
offices as well as of heat pumps has al-
so increased sharply. Further, the full
impact of the shift to electric heating in
single-family homes, which culminated
in 1982, was felt in 1983,

The highest recorded figure for hourly
electricity consumption during the year
was 2().862 MWh/h, and occured on
December 12, between 8 and 9 a.m.
The average temperature at 7 a.m, that
day. weighted with regard to the distri-
bution of the electricity load, was aro-
und 11 degrees Centigrade below the
normal figure.

Electricity Production

Total electric power production in Swe-
den, excluding power plants’ own con-
sumption, was 105.9 TWh in 1983, 9.3
TWh (9.6 %) more than in 1982,
Hydro-power production reached its
hitherto highest annual value, at 62.8
TWh. The increase over 1982 was 8.6
TWh. Owing to the rainy autumn and
increased nuclear power capacity, re-
servoirs could at the same time be built
up by nearly 4 TWh. The storage level
for all Swedish regulation reservoirs
was 65 % at the beginning of the year
and nearly 77 % at year- end, which is
around 14 % above the median value
for the past ten years. The annual run-
off was 19 % above the averge for the
period of 1950—1980. The spring floods
were 16 % above normal.

Installed hydro power capacity increa-
sed by about 75 MW in 1983, The lar-
gest addition of new capacity was Sten-
kullafors on the ingermzm River, with
56 MW.

Nuclear power production increased
from 37,3 TWh in 1982 to 39.1 TWh,
an increase of 1.8 TWh. Nuclear power
thus accounted for 36.9 % of Sweden’s
total electricity production in 1983,
Owing to a good supply of water in
both Sweden and Norway, production
capacity was not fully utilized. The un-
derutilization was equal to around 2
TWh.

After the steam generators in Ringhals 3
and 4 had been rebuilt during the year,
and Ringhals 4 brought on line in No-
vember, Sweden now has ten nuclear
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power units in full operation. The total
net capacity in all ten units is 7,355
MW.

The overall energy utilization factor for
the nine units in commercial operation
for the whole year was 65 %, which
has to be regarded as satisfactory in view
of the underproduction mentioned
above. Not counting Ringhals units 1
and 3, which were out of operation for
extended periods on account of rebuil-
ding, the utilization factor was 73 %.

Work at the future nuclear power units
Forsmark 3 and Oskarshamn 3 is pro-
ceeding according to schedule, with a
planned commissioning date of 1985.

Backpressure production totalled 3.7
TWh, which is 21 % less than 1982,
The decline is due in its entirety to
combined power and heating plants,
whose electricity production was near-
ly halved in comparison with 1982.
Production in condensing units, gas
turbines and diesels showed a conti-
nuing declining trend. The totality of
clectricity production based on con-
ventional fuels constituted only 3.8 %
of total electricity production in Swe-
den in 1983.

Two major combined power and hea-
ting plants were commissioned during
the year, in Helsingborg and Norrko-
ping. both of them coal-fired. In addi-
tion, some combined power and heat-
ing plants have been converted from oil
to coal.

Imports of electric power amounted to
104 TWh in 1983, which is the highest
figure ever. The year before, 5.9 TWh
were imported. In relative terms, ex-
ports showed an even bigger increase
from 2.5 TWh in 1982 10 5.4 TWh.
Thus, net imports were 5.0 TWh (3.4
TWhin 1982).

Electricity Prices

In 1983 the electric power companies
generally applied the tariffs which were
introduced as of 1981, although with
the slight reduction of summer energy
charges which was introduced as of
1982, The clauses included in the ta-
riffs which are based on the consumer
price index, oil price and uranium
costs did, however, lead to a certain ri-
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se in the price level: by around 5 %
from 1981 to 1982 and by around 8 %
from 1982 to 1983.

On October 9, 1982, a general price
freeze was introduced in Sweden,
which also affected electricity prices.
The price freeze was lifted as of March
1. 1983 and as a rule it resulted in only
a slight reduction in the price level
which otherwise applied for electricity
in 1983.

During 1983 some companies decided
on new high-voltage tariffs, in several
cases for the five year period of
1984—1988. The price level for 1984
will on the average rise by 4 % as com-
pared to the 1983 level, but it is around
4 % below the price level which would
have resulted from an extension of the
tariffs applied in 1983.

During the first half of 1983, new low-
voltage tariffs were introduced, which
represent an increase of 7-8 % of the ta-
riffs, applied since the beginning of
1982. Studies are under way on the
new low-voltage tariffs which will be
introduced in 1984. A certain increase
is dictated by the forementioned in-
creases of the high-voltage tariffs, but
also by increased costs for the low-
voltage distribution itself. In order to
even the consumption pattern some
power companies have introduced low-
voltage tariffs with different prices du-
ring high and low load periods.

The electricity companies also decided
in 1983 to introduce special tariffs for
convertible electricity deliveries to
electric boilers. The purpose was to ta-
ke advantage of the existing electric po-
wer surplus during low-load periods
and make it possible to reduce con-
sumption of oil for heating purposes.
Since the deliveries are made primarily
during low- load periods. it was possib-
le to reduce the capacity charges in the
normal tariffs.

National Grid

Measures to increase short-circuit relia-
bility and load capacity have been imp-
lemented or are in progress on a num-
ber of lines and substations.

The construction of a double 400 kV li-
ne from Forsmark to the northern
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Stockholm area is under way, and the
line is scheduled for commissioning in
1984 . Permission has been granted for a
southward continuation of the line, in-
cluding a crossing of Lake Milaren. The
southern section, including the Mila-
ren crossing, is scheduled to be brought
into operation in late 1985. In addition
to the link-up to Forsmark unit 3, these
new lines are designed to reinforce the
feed to the Greater Stockholm area. Ex-
tensive planning is currently being do-
ne so as to ensure that the interruptions
required in connection with the rest of
the work are done in an optimal man-
ner. It is inevitable that the interrup-
tions will affect the transmission capaci-
ty and reliability of the grid during the
period in which the work is being do-
ne, especially in connection with the
crossing of Lake Milaren during 1985.

A 400 kV line from Boden to Hjilta is
under construction and planned for

For power production Iceland and Nor-
way depend almost totally on hydro
power. Denmark has mainly thermal
power and Finland and Sweden mixed
systems. This fact makes cooperation
and power exchanges between the
countries very profitable. Today there
are seventeen tie-lines between the
Nordic countries. Because of the dis-
tance leeland is not interconnected 1o
the rest of Scandinavia.

To organize and systemize the coopera-
tion Nordel was founded in 1963. 1t is
an organization for people who are ac-
tive in the field of power supply in
Denmark, Finland, lceland, Norway
and Sweden. It is an advisory and re-
commendatory organization aimed at
promoting international, mainly Nord-

Frequency
chronous

commissioning in the autumn of 1984.
The poles for this line were erected
with the help of a helicopter, which
provided for a significant savings of ti-
me as compared to conventional me-
thods. The new line will increase trans-
mission capacity from the Lule River
and southward,

It is planned that the link-up of unit 3
in the Oskarshamn nuclear power sta-
tion will be made with two 400 kV li-
nes, one north to Norrképing and the
other south to Alvesta. Permission has
been obtained for the northern section,
but not for the southern one. The
northern section is scheduled to be
commissioned in the spring of 1985,
and the southern section in the late au-
tumn of 1985.

Work is proceeding on the construc-
tion of a second 400 kV joint line be-
tween Sweden and Zealand. Cable has

By Sture Lindahl, Sydkraft AB

ic, cooperation in the ficld of produc-
tion, distribution and consumption of
clectrical energy.

A common task is o maintain the fre-
quency in the synchronous Nordel sys-
tem. How this is done is described he-
re. The Nordel recommendations for
maintaining frequency are also
presented.

The synchronous Nordel system

The synchronous Nordel system com-
prises power systems in Denmark cast
of the great Belt as well as in Finland,
Norway and Sweden. In a synchronous
area. all the connected synchronous
generators must rotate at the same
speed. ie the average frequency must

already been purchased. The link is
scheduled to be brought into operation
in 1985,

A second direct-current link between
the mainland and the island of Gotland
went into operation in 1983, The link is
a 150 kV line, with a maximum trans-
mission capacity of 165 MW. With this
link in operation, Gotland can be supp-
lied entirely with electric power from
the mainland and there will be no need
to operate thermal power plants on
Gotland.

Extensive studies are under way on the
future of those sections of the 220 kV
grid. It is likely that the 220 kV power
lanes will be utilized for the construc-
tion of one or two new 400 kV trans-
mission lines. In connection with these
studies, new and more compact 400 kV
pole designs have been developed.

controlinthe
Nordel system

be the same for all generators, AC-links
are used for power exchanges within
the synchronous area. Some power sta-
tions outside the synchronous Nordel
svstem are connected to the system
through AC-links. For other power sys-
tems outside the Nordel system, power
is exchanged through DC-links.

Background

Normal electricity deliveries are unique
in that there is no inventory of stock, as
it is technically impossible to store
electrical energy in the form of alterni-
te current. The inventory of half-
finished goods represented by the me-
chanical energy stored in the rotating
components of the turbine generators
is very limited, corresponding to about




5-10 seconds of production. This me-
ans that there must be a continuous ba-
lance between the input of mechanical
energy and the output of elecrrical en-
ergy inan AC system. If consumption is
greater than production, the grid fre-
quency drops. If production is greater
than consumption, the grid frequency
rises. In this respect the power system
can be compared to a set of scales, with
production in one scale and consump-
tion in the other. The speed at which
the pointer swings back and forth re-
presents the grid frequency. The balan-
ce beam can be compared with the
transmission grid.

The number of weights in the scale for
consumption is determined by a conti-
nuously decentralised decisionmaking
process. When an individual consumer
turns on the tap to obtain water for his
morning coffee, a small weight is plac-
ed in the scale. When another consu-
mer turns off a light, a small weight is
removed from the scale. Fach power
company in the joint Nordel power sys-
tem has a production scale and a con-
sumption scale. The beams are united
by a common axle: the tie-lines for jo-
int operation.

The power companics in the synchron-
ous Nordel system have joint responsi-
bility for putting the weights on the
scales and taking them off, so as o ob-
tain a continuous balance between pro-
duction and consumption. If the balan-
ce beams were not interconnected,
each subsystem would have to continu-
ously move the weights on and off the
scale in order to maintain the pointer at
the midpoint. Thanks to joint opera-
tion — the axle on which the beams
are mounted — the only requirement is
that the total of the weights in the pro-
duction scales must equal the total of
the weights in the consumption scales.

Joint tie-lines create an opportunity for
power exchanges that are economically
beneficial for the various countries in
the Nordel system. The investment in
tie-lines for joint Nordic operation is
one of the more profitable investments
in the power industry. One prerequisite
is the difference in structure of the pro-
duction systems in the different count-
ries, which varies from Denmark’s ther-
mal power system 1o the mixed of hyd-
ro and thermal in Finland and Sweden
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and the hydro system in Norway. In a
year with heavy precipitation, a hydro-
power country such as Norway natural-
ly exports electricity to Denmark, a
thermal-power country. This means
that the number of weights in the Nor-
wegian production scale exceeds the
number in the Norwegian consumption
scale. On the other hand, there are few-
er weights in the Danish production
scale than in the Danish consumption
scale. The surplus in the Norwegian set
of scales must be equivalent to the defi-
cit in the Danish set of scales. In vears
with below-average precipitation, con-
ditions are appropriate for power ex-
changes in the opposite direction.

Sweden serves as 4 middle-man in the
synchronous Nordel system, as Sweden
is the only country that has tie-lines
with all the other Nordic countries (ex-
cepting leeland). Nordel studies the
conditions obtaining for power ex-
changes and provides recommenda-
tions as to the transmission capacity re-
quired for tie-lines. Within Nordel, in-
formation is also distributed regarding
the current power situation, and guide-
lines are determined for daily power
exchanges.

Requirements for maintaining
frequency

Grid frequency is normally maintained
within a narrow band around 50.0 Hz.
Frequency deviations can be regarded
as a measure of the quality of the elect-
rical energy delivered. In normal ope-
ration, frequency is maintained within
+0.1 Hz, with a standard deviations of
about (.03 Hz. This degree of accuracy
appears to be quite sufficient for most
consumers.

One obvious effect of frequency devia-
tions is that synchronous electric
clocks driven by grid frequency indica-
te the wrong time. If grid frequency has
been precisely 49.9 Hz for one hour,
i.e. if there has been a frequency devia-
tions of 0.1 Hz, a synchronous electric
clock will have lost 7.2 seconds. If the
grid frequency over the next two hours
is exactly 50.05 Hz, the clock will indi-
cate the right time. The inaccuracy of a
synchronous clock in this context is
called the time deviation and is a mea-
sure of the integrated frequency devia-
tion. At present, the goal is to maintain
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frequency deviations within +0.1 Hz
and time deviations within =+ 10
seconds.

In connection with production losses
of faults in the transmission grid that
result in disconnection of parts of the
grid with production surplusses, grid
frequency can drop below 49.9 Hz for
a very short period. If grid frequency
falls below 47.5 Hz, there is a risk that
the large thermal power plants must be
disconnected in order to avoid damag-
ing vibrations in the steam turbines.
Hydro power plants are more robust
and normally tolerate a drop in grid fre-
quency down to 45 Hz without sustain-
ing damage.

Within Nordel the design-base produc-
tion loss has been defined as the largest
production loss that can be expected to
occur more than once every three years,
The goal is to prevent grid frequency
from dropping below 49.0 Hz follow-
ing a design-base production loss and
to ensure that grid frequency will be
maintained above 49.5 Hz 30 seconds
after such a loss. See fig, 5.

If the production loss is so great that
there is a risk of grid frequency dropp-
ing below 47,5 Hz, load shedding is ac-
tivated, so that 20-50 % of consump-
tion is disconnected. The idea is to re-
move weights from the consumption
scale fast enough to avoid having the
large production weigts fall out of the
production scale as the beam tilts
sharply. In connection with many large
production losses, the balance between
production and remaining production
capacity can be restored without ex-
cessively extreme effects.

Variations in consumption

Experience shows that electricity con-
sumption is subject to regular changes.
The consumption has increased from
year to vear as a result of electrifica-
tion, increased industrial production
and the introduction of electric space-
heating. Consumption normally drops
during the summer holidays. Consump-
tion increases during the winter as a re-
sult of increased heating needs. The
need for lighting during the dark hours
of the winter day when people are awa-
ke is expressed as increased consump-
tion of electrical energy, The hours
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when meals are prepared and TV-sets
are on are also reflected in electricity
consumption. These variations in elect-
ricity consumption can be forecast 1o a
large extent. Consumption forecasts
usually take the form of average hourly
values.

Switching on and off of electric mot-
ors, lighting and electric heating ele-
ments causes lemporary variations in
consumption which can amount to 1-2
% of the average value of consumption
in a given 60-minute period.

If there is a voltage drop at the consu-
mer's end, a switched-on heating cle-
ment will use somewhat less current.
The concept of load voltage dependen-
ey on a scale of 0 to 2, indicates that if
consumer voltage increases by 1 %
consumption will increase by 0-2 % It
should be noted that continuous volta-
ge drops are not a means of saving en-
ergy. Indoor temperature is maintained
by switching on a heating element for a
longer period of time. The quantity of
energy used is determined by the insu-
lation of the building and the differen-
ce berween the indoor and outdoor
remperature.

Changes in grid frequency normally
cause pumps, fans and other electric-
driven units to change speed and thus
power consumption. The concept of
load frequency dependency on a scale
of 0 to 2, indicates that if grid frequen-
cy increases by 0.1 Hz consumption
will increase by 0-0.4 %.

Generation control

Generation control is defined as all
purposeful efforts to control produc-
tion of electrical energy in a power sys-
tem. The basic goal of generation con-
trol is to maintain — within the frame-
work of the limitations, production
costs, exchange potential and safety re-
quirements of the system — a balance
between production and continuously
varying consumption and to maintain
grid frequency in the joint power sys-
tem within a narrow band around no-
minal frequency. Predictive generation
control can be manual or automatic
and can be divided into three stages:

1 Predictive generation control
2 Local automatic frequency control
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3 Correction of production set-points
or changes in predetermined power
exchanges

The first type of control utilises a pro-
duction plan based on a consumption

forecast which can be more or less ac-
curate. Plans are converted to produc-

tion orders, which are implemented by
running the units in a power station at
the required rate of output.

Even if production follows the plan
strictly, there will still be an imbalance
because the average hourly value of
consumption will not correspond to
the forecast, and because of temporary
variations in consumption which have
not been forecast. This imbalance is
handled by local automatic frequency
control, which modifies the output of
the power plants by regulating the tur-
bines. Deviations in actual production
from production set-point are normally
proportional 1o frequency deviations.
The constant of proportionality is call-
ed the composite regulating characte-
ristic of the unit, or R (MW/Hz) and in-
dicates the magnitude of the produc-
tion change which has arisen as a result
of a continued frequency deviation.
Monitoring the composite regulating
characteristic and the frequency devia-
tions enables us to get an idea of the
difference between the production set-
point and actual consumption. This
can be expressed as

[ =R+ Af

where 1 is the control error, i.e. the diff-
erence between total production and
production set-point (MW). R is the to-
tal composite regulating characteristic
(MW/Hz) and / [ is the difference be-
tween actual frequency (Hz) and nomi-
nal (50.0 Hz).

Production set-points are adjusted as
needed in order to compensate for in-
appropriate distribution of production,
to adjust power exchanges or to correct
deviations in frequency or time.

The imbalance between production
and consumption can aris¢ from
incorrect forecasts of production
and/or consumption. start-up and shut-
down of individual turbines, faults in
the grid or temporary variations in con-
sumption.

Area control error

As long as one company alone is re-
sponsible for maintaining frequency in
a power system, frequency deviations
and time deviations are the measure-
ment values required for control of
production, on condition that the vari-
ations in output can be utilised without
regard to limitations connected with
transmission. If two systems of diffe-
rent sizes are operated jointly over one
or more tie-lines, acceptable results can
be achieved by having the smaller sys-
tem cover variations in consumption by
regulating production so that the total
exchange on the tie-lines is held close
to the agreed value. If both systems ha-
ve units which participate in automatic
frequency control, there is a risk that
use of the regulating technique men-
tioned above will lead 1o a situation
where deviations are regulated simulta-
neously in opposite directions in the
rwo systems. This conflicting regula-
tion can be avoided if both systems take
account of frequency deviations and in-
advertent exchanges on power devia-
tions in the tie-lines.

In connection with frequency control
in a joint system composed of a num-
ber of equal partners who make deci-
sions on the basis of magnitudes which
are measured in their own systems, the
concept of a area control error 1 (MW)
is of great value. For the ith subsystem.
I is defined as follows:

I, = AP+ Rys A

where A P, is the cumulative inadvert-
ent excange on tie-lines from the sub-
system to other subsystems. R, is the cu-
mulative composite regulating char-
acteristic (MW/Hz) within subsystem (i)
and A fis the frequency deviations
(Hz). i.e. the difference between actual
and nominal frequency (50.0 Hz),

The area control error (MW) thus indi-
cates how much the set production val-
ue exceeds the production value that
should have been set. When the frequ-
ency deviation is zero, the cumulative
inadvertent exchange indicates the diff-
crence between the set production val-
ue and the value that should have been
set. When the first term is zero, the
difference is obtained by multiplying
the composite load-regulating characte-
ristic by the frequency deviation.




Guidelines

From 1974 to 1979, the Nordel Opera-
tions Committee's Working Group for
System Operation dealt with the ques-
tion of common guidelines for frequen-
cy control. A number of full-scale tests
were implemented during this period.
The results of the tests were analysed
and reported on a continuous basis to
the Operations Committee. Since 1979
these common guidelines for frequency
control are followed by the Nordel
countries.

The guidelines are aimed at maintain-
ing satisfactory operational reliability
while at the same time:

B Ensuring satisfactory quality with
regard to grid frequency and synchron-
ous time

B Enabling an improvement of the to-
tal economy of the Nordic electric
power system and an appropriate distri-
bution of resulting profits

B Enabling optimal utilisation of the
national production systems and trans-
mission lines

B Enabling a high degree of utilisation
of tie-lines between the Nordic
countries

The guidelines are devoted exclusively
to frequency control and generation
control during normal operation, The
guidelines are based on the assumption
that each of the national power systems
always has enough installed capacity
available during normal operations so
that within 15 minutes it can cover its
own consumption + contracted deliv-
eries — contracted purchases + cont-
racted operating reserves.

Predictive generation control

It is assumed that consumption fore-
casts can be developed in various ways,
but the goal is a time step of about one
hour. It is also assumed that a develop-
¢d production plan to cover demand
will be available by the start of the next
hour at the latest. The plan should indi-
cate an integrated area control error of
zero for each individual hour. The na-
tional subsystems are free to select
means that will enable them to main-
tain a continuous capability for adjust-
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ing production to meet national
demand.

Automatic frequency control

The total compaosite regulating char-
acteristic should be in the range 6,000-
8.000 MW/Hz. This commitment is di-
vided among the national systems on
the hasis of annual energy consump-
tion. Distribution according to con-
sumption in 1981 was as follows:

Denmark (Zealand) 4.5 % 270 MW/Hz
Finland 17.4 % 1 050 MW/Hz
Norway 37.0 % 2 220 MW/Hz
Sweden 41.1 % 2 460 MW/Hz

The total frequeny control reserve
should be at least 600 MW at 50.0 Hz.
Distribution of this reserve on the basis
of electricity consumption in 1981 was
as follows:

Denmark (Zealand) 4.5 % 27 MW/Hz
Finland 17.4 % 105 MW/Hz
Norway 37.0 % 222 MW/Hz
Sweden 41.1 % 246 M\WW/Hz

The frequency control reserve should
be activated at 49.9 Hz. The composite
trequency regulating characteristic and
the frequency control reserve within
the national systems should be posi-
tioned so as to provide maximum inter-
nal transmission capacity. It should also
be possible to exchange the composite
frequency regulating characteristic and
the frequency control reserve between
countries as needed in order to maxi-
mise transmission capacity on tie-lines
and/or to achieve better utilisation of
the power system.

Adjustment of production

Decisions to adjust production set-
points or contracted power exchanges
are based on the following measure-
ments of estimates of the following
values:

Own immediate area control error
Own integrated area control error
Frequency deviation

Time deviation

B Power exchange deviation on indi-
vidual tie-lines to own subsystems

Adjustment of production set-points or

71

contracted power exchanges may be
implemented in stages. The magnitude
of each stage can be selected with refe-
rence to optimal economy in each of
the subsystems. Adjustments should be
made in the following casces:

B [f the immediate area control error
is about to exceed the permissible limit
and the adjustment will simultaneously
reduce the value of /A f

B f the immediate set-point fault on a
tie-line is about to exceed the permiss-
ible limit. However, in Sweden it is not
necessary to adjust for conditions on
tie-lines with Finland/northern Norway
of Denmark/Zealand.

m If the integrated area control errors
as measured over a period of one hour
is about to exceed the permissible limit.
W If the time deviation is about 1o ex-
ceed 10 seconds (i.e. about 8 seconds).
This is a task for Sweden and Norway,
as these countries jointly account for
about 75 % of Nordic electricity con-
sumption,

B If the frequency deviation is about
to exceed 0.1 Hz. Sweden and Norway
have the prime responsibility for main-
taining frequency in this case.

B On request from a neighbouring
system. Economic compensation in this
connection is determined bilaterally by
the two subsystems involved.

Adjustment of contracted power ex-
changes can serve as an alternative to
adjustment of production, provided
that the frequency deviation in the total
system remains within permissible li-
mits. Offsetting of energy deviations is
subject to bilateral agreements.

Bilateral agreements can also cover off-
setting/compensatory deliveries for en-
ergy deviations over periods exceeding
one hour.

Permissible power and energy devia-
tions under normal operation

In the summer of 1982 the Operations
Committee approved the following gui-
delines:

B Permissible immediate power devia-
tions for individual tie-lines are 1o be li-
mited for reasons of operational reliabi-
lity to a value which is determined bila-
terally,

B Permissible integrated area control




errors lasting more than one hour are
to be integrated, unless otherwise stipu-
lated in bilateral agreements, to a MWh-
value equal to 10 % of the numeric val-
ue of the composite regulating charac-
teristic. Currently permissible integrat-
ed area control errors by country arc as
follows:

Country MWh/h

Denmark (Zealand) 30 (integrated by /. P)
Finland 60

Norway 202 (of which 25 MWhih
refers to northern
Norway)

Sweden 246

B The permissible immediate control
error is also limited to a value equal 1o
1.5 times the permissible integrated
control error, but not less than 200
MW,

Frequency control during dis-
turbances

The members of Nordel have also agre-
ed on the magnitude and distribution
of the immediate production loss reser-
ve, The required production loss reser-
ve in the Nordel system is determined
every week on the basis of the design-
base productions loss. The magnitude
of the reserve is generally determined
by the capacity of the largest thermal
power plant currently in operation,
which is usually the joint design-base
production loss for Norway and Swe-
den. At present, the required immedita-
te production loss reserve is defined as
the designbase reserve less 200 MW,
which is determined by the frequency
and voltage dependency of the con-
sumption, Reserves are distributed
among member countries in propor-
tion to the design-base production loss
in each country.

A reactive power reserve is needed to
ensure that production losses and grid
faults do not generate disturbances in
stability. Each subsystem is responsible
for maintaining a reactive power reser-
ve in its own area. In general, the im-
mediate reserve should deliver a reacti-
ve production back-up within 5
seconds,

A rapid production loss reserve should
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be available to restore the immediate re-
serve within 15 seconds after it has
been used. In general, the magnitude of
the rapid and gradual prodution loss re-
serves are determined at the national
level,

The following rules for production loss
reserves were determined by the Opera-
tions Committee in the summer of
1982:

B Within the Nordel system an imme-
diate reserve should be maintained of a
magnitude and a composition so that
faults which occur with a greater pro-
bability than once every three years
will not generate disturbances of stabi-
lity or lasting frequencies of less than
49.5 Hz.

W An rapid reserve should be available
to the extent required to avoid the
unacceptable distribution of loads
which can be anticipated in a subsys-
tem after a disturbance. This reserve
should also be available for rapid resto-
ration of immediate reserves after the
latter have been used to compensate for
a disturbance.

B The activation of the joint immedia-
te reserve should not be restricted by li-
mitiations in grids.

B Within each subsystem, a weekly
identification should be made of the
most severe fault that would require
application of the production loss re-
serve. This application should not in-
volve temporary power exchanges
through tie-lines, Fault identification
should be reported to the Swedish State
Power Board by telex on the Thursday
before the week in question, together
with other reports on operational con-
ditions.

B A joint immediate production loss
reserve is to be determined each week
by the Swedish State Power Board. This
reserve is to be distributed among the
member countries. The Board informs
the various sub systems as to their share
of the reserve for a given week, no later
than 5 PM on the Thursday of the pre-
ceding week.

® Determination of the magnitude of
the joint immediate reserve should take
account of the self-regulating characte-
ristics of the grids, The Operations
Committee has for this and other rea-
sons decided that the joint reserve will
be limited to 200 MW below the
design-base loss.

B Euch individual subsystem then de-
termines how great a share of the reser-
ve it will maintain or purchase. Purcha-
se and sale of immediate production
loss reserves can occur between count-
ries on the basis of bilateral agreements.
The parties to power exchanges are re-
sponsible for the increases in the
reserves which can be required as a re-
sult of temporary power exchanges.

B In addition to immediate and rapid
reserves, graudal reserves correspond-
ing to at least the magnitude of the
most severe fault should be maintained
within the Nordel system.

m The immediate production loss re-
serve should be available for use until
the rapid reserve is adjusted. If the rap-
id reserve is insufficient in relation to
the fault that has occurred, the gradual
reserve should be transferred to the
rapid reserve in the most appropriate
manner.

B Load shedding caused by voltage or
frequency drops is not normally includ-
¢d in the production loss reserve, with
the exception of contracted load shedd-
ings such as shutting off of pulp-mill
load or other disconnectable consump-
tion such as electric boilers.

® In adjusting for faults and/or shutt-
ing down of tie-lines that determine the
Nordel production loss reserve, the
production loss reserve should be re-
distributed as a means of re-evaluating
its magnitude.

B A reactive power reserve should be
available within the subsystems with
regard to the design-base faults in the
subsystems.

B In general, high-quality (faster) re-
serves may be used to replace low-
quality (slower) ones,

Grid protection

Grid protection is defined as automatic
protective equipment that is not prima-
rily used to protect specific parts of a
plant, but is designed to prevent larger
or smaller parts of the joint power sys-
tem from being exposed to uncontrol-
lable operational conditions after a dis-
turbance, as such conditions can invol-
ve involuntary cut-off of deliveries or a
total breakdown.

Frequency-controlled grid protection
comprises automatic protective equip-
ment which is activated by frequency
deviations that are greater than those




for which the frequency control reser-
ve and the immediate production loss
reserve are designed.

Grid protection operations, whose
magnitude is adapted to the extent of
the frequency deviation, affect the
power balance in a power system and
are designed to limit frequency drops
and restore an acceptable frequency le-
vel. For large thermal power plants,
this involves a frequency level of over
47.5 Hz. Following the implementation
of grid protection, the power system
may be in a condition that involves
scheduled shut-down of deliveries.

Experience shows that implementation
of grid protection is scarcely relévant as
long as the Nordel network is operated
jointly (synchronously). Load shedding
is thus a means (o attempt to restore
power balances in various subsystems
following comprehensive disturbances.
Such a subsystem can comprise south-

ern Sweden, Zealand, northern Norway

or southern Finland. In order to avoid
overloading tie- lines, load shedding is
localised primarily to areas with pro-
duction deficits.

The following recommendations were
approved at the Nordel Annual General
Meeting on August 25, 1983:

® The high-voltage DC (HVDC) links
in the Nordel system are to be used for
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emergency supplies in the frequency
range 49.5-49.0 HZ.

B [Utilisation of capacity (MW/s and
MW) contracted for individual HVDC
links should be based on the restric-
tions that apply to neighbouring grids
both in and outside the Nordel system.
B Load shedding in national power
systems should be activated when fre-
quency drops to 48.7 Hz, This can be
done in stages at frequency intervals of
0.2 Hz which should cumulativiely ac-
count for 20-50 % of the total load, de-
pending on the magnitude of the anti-
cipated production loss.

B The magnitude. positioning and
distribution of individual load shut-
downs within a frequency stage should
be determined with regard to the requi-
rements of joint Nordel operations.
This means that the first load- shedding
stage should be implemented at or near
the central load points of the Nordel
system, i.e, in central Sweden, southern
Sweden and Zealand. This also means
that load shedding in more peripheral
areas such as southern Finland, north-
ern Norway and Vestlandet should not
be implemented until there has been a
further drop in frequency. This imple-
mentation should occur in such a way
and to such an extent as to minimise
the risk of overload tripping of vital
transmission links resulting from
changes in load conditions.

B Load shedding can be distributed
over grids, so that grids in subsystems

Coordinated
of production

Summerized by Anders Lof, Statens Vattenfallsverk

Background

The results reported in the 1982 study
NORDENERGI 2020 indicated that ad-
ditional benefits could be achieved for
Nordel activities through increased

coordination with regard to planning,

expansion and operation of the joint
Nordel system. This requires treating
the system as a single unit without na-
tional boundaries to an even greater €x-
tent than at present.

Nordel consequently assigned the Plan-
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with production deficits can be discon-
nected from the rest of the Nordel net-
work, In general, grid separation based
solely on frequency criteria should be
implemented only at frequencies below
47.5 Hz.

B Local problems in secondary grids
that are not important to the operation
of the Nordel system should be solved
at the national level.

Concluding remarks

Electrical energy in the form of alter-
nating current must be produced and
consumed and the same time. If there is
a lack of production, frequency drops
and vice versa. Frequency is the balan-
ce indicator in 4 cooperating power
system. Without the tie-lines between
the countries each country would have
to maintain its own frequency. Because
of the tie-lines frequency regulation is a
common task for the Nordel power
companies. Nordel has approved guide-
lines for frequency regulation, operat-
ing reserve and load shedding. In the
Nordel system frequency is maintained
in 2 mainly manual way. In many com-
panies (esp. US) frequency regulation is
performed by computers. The operat-
ing experiencies show however that the
frequency variation in the Nordel sys-
tem is of the same size as in other sys-
tems. Thus is it possible to maintain the
frequency and power exchanges by
simple methods by exploiting the in-
herent properties of the Nordel-system.

ning Committee the task of implemen-
ting more penetrating studies that
would nevertheless have the nature of a
SUTvey.

With respect to the high-voltage grid,
the system is already treated as one unit
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in all essentials. Additional benefits can
be obrained primarily through grearer
coordination of production.

The framework of
production and loads

Denmark

Electricity production is wholly based
on conventional thermal power, 96 %
of which is generated by coal-firing.
Planned expansion will also involve
thermal power, in either conventional
or nuclear plants. A decision has not
yet been made on the introduction of
nuclear power.

Total electricity consumption in 1982
amounted to 24,5 TWh and maximum
output to about 4,950 MW. Projected
figures for 2000 are 38 TWh and 7.700
MW,

Finland

Electricity production is based on hyd-
ro, conventional thermal and nuclear
power. Conventional thermal

power is mostly coal-fired, but some
plants are peat-fired. Back-pressure is
widely used. Finland also contracts for
annual imports of 4 TWh, 600 MW
from the Soviet Union. The required
expansion is expected to take the form
of both back-pressure and nuclear or
coal-fired power plants.

Total electricity consumption in 1982
was 41.8 TWh, with a maximum out-
put of about 7,100 MW, The projected
figures for 2000 are 70 TWh and
12,100 MW,

Norway

Hydro power acconts for almost 100 %
of Norway's electricity production.
There are large untapped reserves of
hydro power. It is anticipated that re-
quired expansion through the year
2000 can be based entirely on hydro
power.

Primary electricity consumption in
1982 amounted to 84.3 TWh, with a
maximum output of about 16,000 MW,
Primary consumption of 122 TWh and
a maximum output of 24,100 MW are
anticipated for the year 2000.
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Sweden

Electricity production is based on hyd-
ro, conventional thermal and nuclear
power. The Riksdag has authorised the
phasing out of nuclear power by the
vear 2010, The Nordel study assumes
that nuclear plants will still be in opera-
tion in 2000. Required expansion until
2000 is expected to involve some in-
crease in hydro power as well as addi-
tional increases in conventional ther-
mal power.

Primary electricity consumption in
1982 amounted to 98.6 TWh, with a
maximum output of about 19,250 MW.
The projected figures for 2000 are 145
TWh and 26,900 MW,

The differing production structures in
the Nordel countries comprise a vital
precondition for obtaining economic
benefits through joint Nordel opera-
tions. Intensified cooperation is expect-
ed to increase these benefits. However,
this requires abandoning the current
basic principle that each land should
maintain a production capaciry that can
cover its own needs. Capacity will in-
stead be expanded where it will be of
maximum value for the over-all system.
The study has been based on these as-
sumptions in terms of both expansion
and operation.

Expansion alternatives
considered in the study

National grids

In all expansion alternatives, it has
been assumed that there is no limit to
the degree of joint operation, either in-
ternally or across national boundaries.
This results in somewhat excessively
large benefits when the system is con-
sidered as a whole,

It is assumed that the two Danish grids
are linked across the Stora Bilt, so that
Denmark can be treated as a single
unit.

Production system

Comparisons are based on the national
plans for expansion of production.

In calculating the potential profits that
can be obtained by treating the system
as one unit, it is assumed that district
heating (back-pressure) production will
first be expanded to the maximum in
Denmark, Finland and Sweden, It is as-
sumed however that maximum utlilisa-
tion of district heating will already
have been attained before 2000, Three
alternatives have been studied for addi-
tional required expansion:

A. Continued expansion of hydro and
nuclear power

According to this alternative, Denmark
and Finland would each build two

1 000 MW nuclear power plants. In
Norway and Sweden, hydro power
would be expanded to an average
annual production of 136 and 72 TWh,
respectively.

B. Limited expansion of bhydro and
nuclear power. Expansion of coal-

Sired plants

For Denmark, this would involve re-
placing one of the nuclear plants in al-
ternative A with a 1 000 MW coal-
condense plant. Alternative A would
apply as above for Finland. In Norway,
hydro power would be limited to an av-
erage annual production of 124 TWh
and a 1 000 MW coal-condense plant
would be built. In Sweden, 7 TWh per
year of hvdro would be replaced by

1 000 MW of coal-condense.

C. Strictly limited expansion of bydro.
Additional expansion exclusively of
coal-firved plants

According to this alternative, no nu-
clear plants would be built in Denmark
or Finland, Each country would install
2 000 MW of coal-condense instead. In
Norway, hydro would be limited to an
annual average of 116 TWh, with an ad-
ditional 2 000 MW of coal-condense.
Alternative B would apply as above for
Sweden.

Calculation techniques
and preconditions

In each of the above alternatives, the
fixed and variable costs for the power
system have been calculated for new
plants and optimised (minimum cost le-




vel), The resulting figures for costs
have been compared with the corre-
sponding costs of national expansion.
The cost differential is the profit
obtained by treating the system as one
unit.

In terms of consumption, both primary
and variable electricity deliveries have
heen considered. The magnitude of
primary deliveries is reported above. In
addition, there is a rather large market
for variable deliveries which could be
supplied in the form of electricity, the
power situation permitting, to the ex-
tent that consumers have equipment
(electric boilers, etc) which would én-
able electricity to be used. The total po-
tential for variable deliveries by 2000 is
estimated at 30—35 TWh annually (or
8—9 % of the total system load).

Calculations have been based on a si-
mulation program for studies of power
balances. Calculations for hvdro power
are based on conditions over a statisti-
cally established 25-year period. Those
for conventional thermal power and
nuclear power are based on probable
availability of these types of energy.
Electricity loads correspond to the av-
erage weekly value through the year.
Fuel costs for conventional thermal
plants and for nuclear plants are assum-
ed 1o be equal in all countries. Norwei-
gian and Swedish figures have been
used to estimate the cost of expanding
hydro power. For other types of energy,
the costs are assumed to be indepen-
dent of locality. In all countries, the
same criteria have been used for power
system design with regard to reliability
of supplics.

The costs of the power system are il-
lustrated schematically in figure 7. »Re-
quired oil« represents the cost of oil for
that part of the variable market which
cannot be supplied with electricity.

The interest rates used for calculating
costs in the Nordel countries vary
widely. As interest is a parameter which
has considerable effect on the results of
calculations, three alternative rates have
been applied : 4 %, 7 % and 9 %.

Assumptions as to the development of
fuel prices also have a considerable ef-
fect on results. Studies have therefore

heen made for two alternatives: a) con-
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stant real prices and b) a 2 % annual in-
crease in real prices.

Conclusions

The study has centred on the situation
in the year 2000. Calculations indicate
that in all three of the alternatives ex-
amined it will then be possible to re-
duce the expansion of production,

The calculation techniques available
have not allowed for consideration of
all the important factors which can af-
fect the results of calculations. The
Nordel Planning Committee will ana-
lvse the uncertain factors in greater de-
tail in a follow-up to the present study.

The following factors should be studied
in greater detail:

B Variations in daily and hourly loads
and power exchanges have not been
taken into consideration, although they
are of great importance.,

® Only years with average precipita-
tion have been considered with regard
to hydro power. Extremes of climate, i.
e. wet and dry years, are of great inte-
rest for studies.

B No assumptions have been made as
to the limits imposed by transmission
capacity on links and international
grids or by the effect of losses in trans-
mission systems. These must be studied
more closely.

B The study is directed to a specific
point in time, i. e. the year 2000. This
means that expansion has not been ava-
luated over time,

An optimisation of the total Nordel sys-
tem would involve a reduced need for
expansion of production and thus low-
er annual capital costs and fixed opera-
ting costs. On the other hand, fuel
costs would increase, particularly if the
reduction applies to hydro and nuclear
power. The cost of oil for variable de-
liveries will increase with the magni-
tude of the reduction in production
capacity, as the capacity for variabel
deliveries declines in direct proportion
to the cutback of expansion.
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Figure 8 illustrates how various costs
affect optimisation.

At constant real prices and low interest
rates the optimal expansion according
to alternative A would be the same for
total optimisation and for continued
national expansion. At higher interest
rates, savings are achieved with total
optimisation. In alternatives B and C,
savings are also achieved at the minimal
interest rate and savings increase with
rising interest rates.

If savings are considered in relation to
total annual costs for the joint system
as well as to the costs of the required
expansion of joint capacity, the savings
are relatively small. This indicates that
the system is already close to optimal
size. However, the savings are of such a
magnitude that they can well justify
more detailed studies within Nordel of
the possibility of obtaining these addi-
tional benefits.

The conclusions generated on the as-
sumption of a 2 % annual increase in
real fuel prices through the year 2000
indicate that for any interest rate the
optimal expansion in alternative A is
the same for total optimisation as for
individual national expansion. In con-
trast, alternatives B and C generate sav-
ings at all interest levels. These savings
are however considerably lower than at
unchanged real fuel prices.

The conclusions described above as-
sume that there are no general require-
ments for scrubbing of sulphur emis-
sions. If these requirements are app-
lied, the cost of coal-fired plants
increases. This generates a higher value
tor joint expansion, particularly in al-
ternative C.
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Nordel in brief

Nordel, founded in 1963, is an associa-
tion for people who are active in the
field of power supply in Denmark, Fin-
land, Iceland, Norway and Sweden. It
is an advisory and recommendatory or-
ganization aimed at promoting interni-
tional, mainly Nordic, co-operation in
the field of production, distribution
and consumption of electrical energy.

Nordel has the following permanent
tasks:

— to continually follow developments
in production and consumption of
electrical energy in the Nordic

countries by, for example, publish-
ing suitable statistics

to collocate consumption forecasts
and extension plans drawn up in the
resepective countries

to publish an annual report which,
in addition to information about
work completed during the year in
Nordel, and statistical information
about power supply in the Nordic
countries, can also contain special
articles of interest in the field of
Nordic power co-operation.

A considerable amount of Nordel's
work takes place in standing and spec-
ial committees. Standing committees
have been appointed to deal with re-
current questions while special com-
mittees deal with questions of a more
transient nature. [n some cases contact
groups have also been appointed.

The chairman of Nordel is elected for a
period of three years. The chairman-
ship circulates among the countries.
The chairman appoints a secretary who
is responsible for the administrative
functions during the three year period.
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Nordels ovdforande Goran Ekberg, omgiven av [yra nordiska energiministrar. Fran védnster ses Kare Kristiansen, Norge,
Knud Enggaard, Danmark, Bivgitta Dabl. Sverige och Sverriv Hermansson, Island
The chairman of Nordel and the Nordic ministers of Energy

Nordel, som grundades 1963, idr en
sammanslutning for nordiskt el-
kraftsamarbete. Nordel bestir av le-
dande personer inom
kraftforsdrjningen i Danmark, Fin-
land, Island, Norge och Sverige.
Det ir ert radgivande och rekom-
menderande organ med svfte att
befrimja internationellt, frimst
nordiskt samarbete, betriffande
produktion, distribution och kon-
sumtion av elenergi.

Nordel har f6ljande fasta arbets-
uppgifter:

— att kontinuerligt f6lja utveck-
lingen av produktionen och

konsumtionen av elenergi i de
nordiska linderna, bl a genom
publicering av lamplig statistik.

— att sammanstilla inom respekti-
ve linder uppgjorda konsum-
tionsprognoser och
utbyggnadsplaner

— att publicera en drsberittelse,
som forutom uppgifter om un-
der dret utfért arbete inom
Nordel samt statistiska uppgif-
ter angdende elkraftforsorjning-
en i de nordiska linderna idven
kan innehdlla speciella artiklar
av intresse for nordiskt kraftsam-
arbete.

En stor del av Nordels arbete utfors
av utskott och grupper. Genom
dessa har man tillging till specialis-
ter inom alla omraden av elf6rsorj-
ningen. For insamling av statistik
och annan periodisk rapportering
finns speciella kontakmiin i de olika
landen. Inom Nordel finns ocksi
kontaktmiin i minga internationella
organisationer pi energiomridet.

Nordels ordforande viljs for en pe-
riod om tre ar. Ordforandeskapet
cirkulerar mellan linderna. Ordf6-
rande utser sekreterare och svarar
for sekretariatet som alltsd dven det
viixlar vart tredje ar,
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Nordels mediemmar

Nordel’s Members

Danmark

Bjarne Andersen

Direktor
Managing Director
Kobenhavns Belysningsvaesen

Henning Buhl
Direktor
Managing Director

ELKRAFT A.m.b.A

Jens Christian Clausen
Direktor

Managing Dirvector

I/S Skerbakvaerket

Fr o m 1984-08-01

Erik Leif Jakobsen
Direktor
Managing Divector
ELSAM

T om 1984-07-31

Jens Aksel Poulsen
Direktor

Managing Director
1/S Vestkraft

T om 1984-07-31

Georg Styrbro
Direktor

Managing Director
ELSAM

Fr o m 1984-08-01

Hans von Biilow
Direktor
Managing Director
Energistyrelsen
Observator
Observer

Finland

Klaus Ahlstedt

Vice verkstillande direktor
Executive vice president
Imatran Voima Oy

Vice ordférande i Nordel
Deputy chairman of Norvdel

Tapio Kunnas
Verkstillande direktor
Managing Director

Finlands Elverksforening

Kalevi Numminen
Verkstillande direktor

President and Chief Executive officer
Imatran Voima Oy

Pertti Voutilainen
Direktor

Managing Director
Imatran Voima Oy

Island

Jakob Bjornsson
Generaldirektor
Director General
Statens Energistyrelse

Adalsteinn Gudjohnsen

Direktor
Managing Divector

Reykjavik Elektricitetsverk

Halldor Jonatansson
Direktor

Managing Director
Landsvirkjun

Kristjan Jonsson
Direktor

Managing Director
Statens Elverker

Norge

Sigurd Aalefjar

Kraftverksdirektor

Director General of the State Power System
NVE-Statskraftverkene

Arne Finstad
Direktor

Managing Director
Oslo-Lysverker

Fr o m 1984-08-01

Sigmund Larsen

Generaldirektor

Chairman of the Board and Chief
Executive

Norges vassdrags- og elektrisitetsve-
sen (NVE)

Frederik Prytz

Direktor

Managing Director

Nord-Trendelag Elektrisitetsverk
T om 1984-07-31

Rolf Wiedswang
Samkjoringsdirektor

Managing Director
Samkjoringen av kraftverkene
i Norge

Asbjgrn Vinjar
Energidirektor

Dirvector General Dirvectorate of Energy

NVE-Energidirektoratet
Suppl

Sverige

Goran Ekberg
Direktor

Managing Director
Svdkraft AB
Ordforande i Nordel
Chairman of Nordel

Nils Holmin

Driftdirektor

Vice President Operation and Sales
Statens Vattenfallsverk

Jonas Norrby
Generaldirektor
President

Statens Vattenfallsverk
T om 1984-07-31

Tage Nytén
Planeringsdirektor
Vice President, Planning
Statens Vattenfallsverk
Fr o m 1984-08-01

Jan-Erik Ryman
Direktér

Managing Director
Stockholms Energiverk

Jan Randers
Direktor
Managing Director

KRAFTSAM
Suppl






