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Some Zsatir:s of =he
ELECTRITICATICON OF NORWAY CVER A PERIOD CF 100 YEANS

Experiences which rm2y bte useful for cer<ain devalcping
countries - in particular concer:zing the utilizazion cf
Watsar power sources.

Ianczoduction .

Daveiopment stratecgies

1

i Zlectrificatiorn 2f a country, or of an area, nay be
srganized in acserdance with various strategies cf develcop-
ment:

a) The step Dy step develorment of internal sources of
enercy that are large and concentrated, in this way
dvawing tenefi: Zfrom :the {act that the Sost per pro-
duced unit usually decraases with e size cf the
works - the aconcmies 9 scale benefi:s.

=

b) ZlectriZicacicn first o3I areas with concentracsd
activity - urban and industrial arzeas - v means
of power productzicn plants of suitacle size. From
these core areas, the Scwer supply system is axtended
to areas with sparser pcpulaticn and less concen-
trated activicy, i.e. o rural arsas.

¢) Greacer emphasis on “hae electriiication of small
commusnities and rural aresas such as these do not iag
oehind 12 relation to the develoomen: of the supply
services in urban areas.

2. The profivabilicy-of eisczrification projects are =2

ften considered only f=om the poiat of view ¢of the 3suppliv under-~
zzking alone,i.e. economic $rofi- Zcr cthe supply undertakiag
W4ill be the most imsortant facstor determining whnezher zh

sre

Ject willi be rzalized, and whether i1z will -e zossible

inaice s, L.e. whether zhe Zirance insstizutions will
Se willilng =3 zive a loan fcr zhe prosect, see L.a and =,
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3. If the secondary and tertiary effects of electrificaticn
ara considered Izom the point of view of society as 2 whole,
Lt is possible tha% the plans will te formed otherwise, see l.c.

4. I* may not be wise to make a direct transier of zachno-
logical solutions from countries with total electrification
and with extensive industrial activity %o countriss whers,

in some areas there is no electrificaticn at all, or where
this is just in tte aearly staces.

3. Zlectrification of an area means a great deal %o the
population ana for the aczivity ir the area. Imporsant sle-
rents ia the planning Zor slectzification are:

1) zhe attitude =f the sechle lLiwviyg in =he arza sswarss
the plans - usually thkis is very dcsitive

5) the possibilities for potential subscribers ttemselves
<0 take an active jart in The impiementation of tle
plans - that i{s to say, %o effec: elec=zification in
practice

¢) the possibilitias Zor makizg use of local lakour
and lccal rescurces when impiementing zhe 2lansg

d) the use of uncomplicazed (simple) technical sclutions

e) the utilization of local snercy resources

=

f) seconcdary effects of eleceirification - light at home
and at work, auxiliary services, introc¢  =ziom of
television (nation building), mechanization of local
indistrial processes for sroduction cf agriculcural
and fisneries products, small-scale indusczy

g) secondary effecte by means of educatioral services
that are possible only where electzicity is availanble -
for example, adul: education gprogrammes on tslevisicn,
vocational trajianing in nechanics, machiine maintesnance
etc.




6. rrem the zeint of view of society the best programmes

for Zdevelopment are these aimed at electrzificavion of areas
where people =raditionally live and nave their means of livli-
hocd, rather than areas where the market is best for the sale
of electricity in the preliminary phase. =tSlactrification

of the traditional areas for culture and activity, that is %o
say, the rural areas, with their agylcmerations, will <ounter-
act the tendencies towards urbanizaction which gZten make Zhem-
selves fel: when too much empiasis is placed on buildiag-up
so~-cailed centres, whizch i turn cften leads to che Zevelop-
ment of slum districts as a rasult af overloading o che
service faciiities in the towns (transport, watar supoly,
sewace, waste dispecsal), =0 unempicvment, uncest ané political
instability.

T Ziectrification provides axtensive possibilizias o
influence the lile of the people in rural dissricts in such

a way that they want to stay there and work ciere. Therse

ares many arguments Sor choosing develorment strategy <, even
though more narrow aconomic considerations may soiat to stra-
tagy b. The alectrification prograrme Z2or Ncrwav in =he lasct
40 veazs has iancluded manv elementzs3 0f strazegv c.

3. The surzose of this zeport {3 to s0iat out some of =tk
Zeatures of the history of electrification in Norwavy whizh
may be 9% interest in arsas which are akcu% %o stars, or
have Just started, to develcp an eleczricity suppliy svstam.

t will take particular notice of the importance of an iai-
tiative by the local populatiocn and of the utilizacion of
local, small sources of water power. Consideration will alse

be given <o the cuesticn of orcZessional assistance and Zinancia

SuUppOrt, %ogetiher with the importance of the davelopmencz

of a strong technologizal milieu with pousidbilities fzr aar-
aonization, ccordination ardéd standardizas=ion of sclutizsns.
The develcoment cof intermal ‘adusetzy 2o5r the Lelivery of
ecuizmens Ior electrificaticn will alsc ze discussed.




Norwav's elaec<ricity sunply ané alacsricitv consumption

scdav

3. It can be 0f iaterest to lock at where Norway stands
today. 3y traditicn, Norway is a country with a strong -ural

structure - spread over the whole country,
ard activity along rivers and lakes, alsng
on islands. Ganeral geograpnical data are

with zopulation
the fiords and
fcund in Appendix 1.

10. YNorway has a very hich enercy consumption. This is in

zart due to climate, in part to the nigh degree of industzria-
lization and mechanization, which acain is a resul= of the

very sxtensive watar sOower resources.

is up t9 99.8% based on irland water power.

Water sower

eleczricity represents ahout 38% of the =2stal inlané energvy

utilized by the consumny, see Apvendix 2.

the dimensions of the water power stations.

Table 1.

Water cower staticns_in Norwav according o s

Takle 1 shows

The supply of electricizy

ize cer 31.12.1378

(see also Taple 3).

Size Number Total capacity Mean annual
Xilowats xilowatt

sroducibilicy

Gwh

Q- 100 Cnkaown

Insignificant

100- 1 000 136 66 200 about 200

1l 000~ 10 900 i9¢0 580 000 3 300
10 000-190 Q00 136 6 143 000 30 600
> 100 000 i3 17 737 goo0 82 790
st > .00 387 L7 831 000 -86 3¢0

{for unics atc. see Appendix 2).

1l. Watsr sower staticns are spread
2

over :the wnole counczy.

racsically che whole of <he countrv's sower supply is inter-

cennected n a svstem of 420 kv
and 132 X7 Lransmission lines.
Nerway is seinc ccnstrictad.

[kilovol: = 14090 relsy, 330

A 423 XV cle

Line =3 VMerzh

v
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12. The Norwegian gcwer svstem exchanges cower with the
Swedish and Danish svstems as »art of an extensive Nordic
co-operation. A total of 3 pcwer exchance lines cross the
Norwegian-Swedisn border. A further 2 connections (420 xV)
are under construction. he Norwegian and Danish-Jutland
systems coperate jointly over a 500 kV, 130 xilometre long
direct current cable aczoss the Skagercak,the sea setween

Jutland and Southern Norway.

13. To all intents anc purzcses, thermal scwer is Zgund

ia Norway in’'industry, ia the faorm of tack pressure plants. :
Through exchange agreements with neighbouriag countries,

Yorway is ensured a sudply cf thermal power in pazsicularly

drvy vears. 1377 was a dzy vsar In Nozway, and in zhat vear,

cower was impcrtacd. Usually a certain amount o power is

exported to neighbouring countries from Sine to %ize. Norway

also has en agréement with the Soviet Cnion for the renting

o a small amount o power over a 150 XV cornection ia the

dcrthern area.

14. The total <Zevelcpable water pcwer potential in Norway

13 estimated as haviag an apnual oraduction capacizy 22 abouts
260 TWh, given mean watsr conditions. About halZ of =his

aas been daveloved up t3 1ow. Some uncer<tainty is scnneczed
wiza the remaining pocsncial as a resul: of inctarests of
conserration. Lecisions have peen mace, or 3rsposals puc
forward, o conserve about 20 TWh annual praoduction capacity.
Thermal power must be utilized if the demand for electzicity
continues <o increase. Attempts are being made ts reduce

the Zurther iacrease in consumpction.

13. <Characteristic for che elactzicisy supply in Yorway is
that the systam provides the consumers with a relatively larg
amount of =2nergy. Thi3z gives a low cost Zor each unis, wnich
L1 turn means that prices can be kezt low. This rssulcss in

3 greatsar ccnsumpeicn oI alectricizy; that is <o 3ay, slac-
sricoty supsly accounts 'Zor a larjer srogserzion ¢f cha anersy

3upply. These raper-ussions are illus<rated in Tigurse L.




Figure 1.
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At the start of electrification, or in the case of spa.sely
populated districts it may be difficult to achieve a distinctly
cost-reducing effect in :his cvcle. I= has pean possible

in Norway in spite of the guite often very unfavourable geou-
graphic conditions and settlement struc=ure.

The organization 90f :he elac=ricitv supolv

16. The electricity supply is in the hands of 294 discri-
bution undertakings, sae Table 2, and 74 wholesals underzaxkings.




Tabla 2.

m=@ size and organization of the elactricity supply
31.12.1978 .

er

"3

Municipally owned Privately owned
electricity supply elect=icity supply

undersakings undertakiags
Size of electzicity % of tctal $ of total
supply unéertaking, No. subscribers No. subscribers
by no. of subscribers
¥ore than 100 900 2 29 4 0
10 0600 - 100 nQQ 38 41 1 c.5
1 000 - 10 coQ 156 33 36 4.0
g - 1 000 23 1 30 3.5
Sum 227 95 87 3.3

17. ?Power station capacity is owned by the Sta+e (28%),
aunicipal and county authorities (32%) and privats
under=akings (21%) - private undertakings comprise in tihe

main industrial ccmpanies producing electxicity Zor own use.
The State owns and duilds the greazer jar= o the counzIv's
Dair transmission work - 300 xV and 420 k7, and i3 rasponsible
for the exchange of power wizh abrsad. Abcut half the Stace's
sower producsion coes to power-intensive industry.

i8. Publiz interest - municipality and county autiicrictles,
and cooperative units, dispose over almost =le entire distri-
bution of electricity in Norway.

19. The wholesale supply undertakings and the distrisution
undertakings collaborate on matters oI cocmmon srofessional
interest throucgh their associaticn -~ =he Asscciaction of Nur-

weagian Tlectricity Supply Cndertakings.




29. The association "Samkisdringen" - £3r Power Pcol < lcrwav -
ensures the test gossi la joint cperaticn of che tctal system,
anéd thereiore the best possible utilization of the resources

at the disposal of the total existing system, water inflow,
reservoirs, power station capacity, power exchange facilizies
and marketing possibilities for occasional power. TFirm éower

is not sold thrcucgh "SamFjdrincen” but bv contrzct or agrae-
ment between wholesale undertaking and distrihucion under-
takinag. .

21. Thus the supcly of elec:Ticity is the responsibilicy
of a large number of iadepenrndent units working in collabecration
with each other and with the authcrities, - in par-icular wieh
the Norwegian Water Rescurces and Zlectzicicy 3caxd (NVE).

NVE = a2 unicue ifstitution

22. The Norwegian Water Resources and Zlactricity 3oazd
(NVE} is, in priuciple, a periphezrzl auzioricy working ac-
coréing ts ianstructicns based an an Act passed tv Lhe Stor-
~ing {(t:e YNurwegian Parliament) in 1363. NVI is attached

to the Ministry oI Petroleum and Znergy ané is crganized

into four diractcrates. Ia addizion =Zo plaaning, buiding
and cperating the state power plants and cransmission svstem,
NVE contribuctes, cazough i:s aczivities, =zwards the 2ezt
gossible ucilization of the total resources Irom =he 30in=
0f view of sociery as a whcle. Furthermore, the cicizens

are ensured a satisfactory electricity supcly, 2nd thax
electricity can be used without danger to life or pronerty.
This is based on a fairly comprehensive legislaticn waich

has been Luilz 1p over the years - the Iirst Act was passed
already in 1896. It is affactad in practice by NWE zechnical
stalZ taking an active part, togecher with planners saplcvad
by the elactricicy sugply undervakings, in presaracicns

for further exvengicns =5 the slactricity 3upsly svstam,

-




tion and transnissicn plants are develcped “a such a wav
that the country's total svstem is as eccaomic as 3ossible
and ianvolves a proper use of resources. NVE is also working
on plans for the organizaticn of the electricity supply into
a smaller number of more rational units, on the economy

of the electricity supply, on questions of standardization,
on concessions and on safesty matters relating =3 the supply
and use oI electricicy.

24. NVE also deals with technical gquesticns ccnnected wish
water power resources - including hydrological investigations
cf rivers and glaciers, andé varicus ways of preventing Zloeds
and movement of ice in rivers.

dow electricisv supolv develcomen= star+ed in Nocrwav

25. On the basis 2f the above shor: raport of the szatus of
the actual electricizy system in Norw.v I shall now go right
5ack to zhe start and give 2 summery of develorments during

the almost 100 years thac have czassed since the first alac-

tricity supply undertaking regan to function.

The sicuation in VNcrwav at che zurn of =he cencurw

26. The Xingdom of Norway secame united about 300 A.2. Trom

1380 to 1905, Norvay was zeriodically united with iss aeinh-

bouring countries, Sweden and Tenmark. Norwav's prasanc

censtitution dates from 138li. Ia 1305, the last Cnicen -

with Sweden - was dissolved. Consequently, at the zame time

as elactrification began, a strong nazional feeling prevailed

in Norway, though the influence Zrom and conzact with the

other Nordic countries and with the rest of Zurcpe was strong.

In many ways ctiiis was an active yeriod, Zoth iacustrially .
and cul:zuzally.

i11330-1937: Ficst ohase in =ne alactrification oF zae zountzsvg
| ) E 74
' 8 .

27. Zlactricizy Irom wacer zower was graduced in Morway
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already in 1877. 3y 1385 there were anout 30 small water
power plants in operation. Ia the IJollowing years, selore
ané after the turnm oZ the cenctury, it was prizmarily the sulp
ané paper and the mining industry that develoved water cewer
for their own activities. Most 9f the companies were owned
by foreigners who brought with trem ic .as, knowledge and
capital from their rirent companies.

28. The develcrment of zower fur criinarvy consumpticn stactad
apout the same time. In scme places tais was based cn tierval
power, but water power socn became the dominatizg, or tze

only source of electricity.

28, In 1314 ther= was an elactricicy supoly uncdertakiacg

in amout 30% of all che towns, ané a =ocal of 1320 suck uncer-
takings in rural districts. 3y 1321, all the cowns raceivaed

elactricity ané the number of eiactriciity surply undec-takiags
in rural districes had iacreaseé 5o about 340. The lcad was

2bcut 170 watt per inrabitant in che towns and about 130

watt per inhabitant ir the countryside. In 13236, the aumber

of elactricity supplv under=akings was about 440, and 73%

of =he populaticn had alec=ricisy. Tae l!oad had incraased

to almcst 400 wat:t per inhabitant.:in %he towns and about 200

wattT per inhabicanz in rural districts.

10. Traditional interests connected with watar courses were
timber Iloating, cransport by row-boat, f£ishing and grimicive
saw-mills and f£lower mills.

31. Foreign interssts made themselves felt in inadustrv,
particularly in the vears 3just after the =urn of the zentuzxv.
This was obviocusly a resul: of the large and favourable scurces
0% water zower. There sccn arose a fear tha:z cevelorments
would be domizated and contzalled by foraign industrial com-
panias, and tzis was perhaps the most important subject Zor
discussion in che sol:izical arsna in =he years after the dis-

selutiin ¢f zhe Unien. The hackzgrauné Isr zhis was shac<,




in Norway, the landcwner owns the rights of disposal ovar the
Jater courses. Thus water fall richts could be soid like

any other :ti»perty. Foreign companies with much capixal
acguireé important rights over the water falls. Considerable
buying-up occurred.

32. All tkis led to a fear that water pcwer develorments and
the establishment cf industry would take place ocutside :h
control of the authorizies. Norwegian autkorities wantad

to he able =0 exer: a grazter influence on Jdevelopments.
Therefcre tiey intreduced =he Concession Acts. These were
passed in 1917, and gave the authorities contrel over the
durchase of waterfalls, the reculation of water flcw and the
mackeziag of the gower produced. Further, the Act includes
regulations staciang that all wactar gower >lancs shall rever:
to the State after 60 years, without econonic compensation.
In the main, the Ccncession Acts were made <3 apply tc both
foreign and comestic companias.ﬁ

33. It was not least industrial development, based on water
sower, that led to the electrificaticn of Norwegian scciety.
The use 9% alactricirzy in industrial processes and in zhe lLccal
industrial community showed how electricity could be used

by people in general. Znowledce of watar power ta2chnolccy
spread, and caught the i1icarest 5f cecple in neighbourinc
communities and in the municipal adminisctration. Organi-
zations in the form of cooperative societies, private com-
panies, and municipal and county companies were creaced by
anterpr.sing persons all over the country. The nain interass:
waz i1 the uge of electricity Zor lightiang in the home, Zor
handicraf+ firms and Zor small industrial enterprises. It
was shown that motors coulé be cperaz=sd much more profi:ably'
by electricity than bv the combus<tion engine.

dater ocwer 3curces with favourable orozer=iasg

34. VNorwav's topography and srecilitasion condiztizns are

vers 3uitabla Icr <the urilizazion cf wacer tower, sae icren-

- -
2 o2
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into a typical Yorwegian watsr course in *he course cf a
7ear. Precipltaction in the form of snow.gives liscle inflow
in winter (December tc March). The thaw causes floods i
3pring (april to June).

Figure 2.

Water flowyeg
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Months of the vear.

35. At the west coast tie rivers plunge steeply over Zalls
and through gorges, down fzom the mcuntai: slateaus at =he
innerrost end of the fiords which stretch far inland. OCn

the nsastern side of the mountains =he rivers *low more centliv
Zneo che sea. ?2ractically over the entirs country i< has
Deen possible =5 find water courses with suitable inflow,

and rallis where conditions are favourable for developments
with a view to meeting the need for electricity in nearby
populated rreas and rural districes. £<en there has :een

a choice between 2 number of wacer power sources. This wide-
spread availability of water power was panticularly suitable
for electrification of our far flung country, with its scat-
tared population.

£

3§. Tigure 3 shows three tyrical water course profiles in

Norway.




Tigure 3.
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37. Naturally encuch, the demand for electricity arcse first
in the central set:lgments - =hat i3 to say in towns, and
sural agglomerations. But it must e pointed out zhat <he
original settlement in Norway, apart from the trade centires
at the coast, was spread over tihe ruvral distoicss. Cn=il

the middle of this cenctury, agriculture and fishing wers he
most important means of livliihcod. So people lived scattered.
Most of thsm owned (and still own) their farm anéd cheir scil,
and act and live independently. 7rom an econemic goint 9f
veiw, elactzificazion of these sutlying digtricts was a mors
difficult task than to electrify che centres.

38. Through the Concession Acts, the authorities provided

the conditions necessary for a contrulled develcpment of

wJater power, but the State did not concern itsell with the
development of an electricity distribution system. There

were exaggerated expectations in connection with the use of
elecuricity for operation of the railways, and tha Scarts

Scughz up 2 zumber of fa2ll cights for this purpose. In addi~
tion the State gracduallyv Huilz scme larger water jower stasions




with transmissicn plants and sold psower wholesaie to indus-

trial companies and to distribution supply cundertakings.

33. Throughout the first 30 years, electrification ¢l che
country was characterized by a very large number of small
water power stations which supviied the nearbv local commu-
nity. Table 3 shows the distribution of power stations ac-
cording to cize ia 1944.

Taple 3
WHater Power Stations in Norwav according =0 Size, 1344

(Compare Table 1}

Size Yuzber Total kxilowass
Xilowatt capacity
0~ 100 1463 37 200
100- 1 000 iss 121 200
1 000-10 000 146 454 300
> 19 000 45 1 538 300
suM > 130 546 2 301 200

(for units etc. see Appendix 2)

40. The advantages of joint oneraticn of isolaced production
ariéd supply systems gracdually became apparsnt. Transmission
systems Zrom the larcer water power stations were coniected
to enable an exchange of power between them. State-owned
plants formed important ccmoonents of this svstem.

Elect:iticaéion of zural discricss lagced behinad

41. In 1338, electricity was available in =he home for akcut
75% of the Norwegian population -~ which at that =ime ccunted
2.3 million inhabitants. The approxizataly 700 000 who still
had no electricizy lived in 3parsely sopulazad areas, =haz i3




¢ say, in the vallevs, up ints the mountains, and on islands
along Norway's long and weathrrieaten coast. It was reia-
tively -ostly to build a supoly system in these areas because
of the scattered settlement. urthermore, as a rule people
were not so well off in these districts, and this made for

a poorer market. To extend the 3upply systeam to settlemenis
on the islands recuired either cable connection under the
sea, cr a power production 3lant on %he island itself. In
nany cases this would have %0 be a diesel power station, anag
this is much mcre costly %han water sower. 3eciuse of =he
eccnomically favourakble water nower sources, cecple had se-
come used o0 the idea that slectricity should be cheap in

Norway.

42. The eccnemy of the sopulaction in spazsaly pcpulated areas
orovided a poor foundaticn for building up an alectricity
supply there. A total electrification of outlying districts
could not be carzied out on the initiative o0f the lcocal po-
pulation alone. This gradually attracted considerablas concern
in political cizcles.

1938-1961l: The second phase of electrification, assistance
£o outlying areas.

State subsidies for develocment 2% eleccricizv sunslv

43. It was thus difficult to carrv out electrification of
rural districts without support from the society as a whole.
1338 the Storting approved an arrangement whersbv Zfinancial
support wasg provied for the building of slectricity distri-
bution vlants in sparsely gopulated areas. This support

was given :0 the distribution companies for the implementation
of specific projects, that is to say, xainly tzansmission

and digtribution plants, but also power stacions. This car

e said to be the star: of jnase no. 2 in the aistory of
elect=rificaticn ia Nerwav.

-+




44. Until cuite recent vears, :the State obtained funds for
=his arrangement of subsidies by ~equiring a lavy omn all
electricity consumption. NVE was given resgonsibility for
implementing the arrangement, that is to say, for receiviag
plans for precjects, issessing these, and making a priority
ranking of srojects suitable for subsidy. Filxancial suppor:
is provided by the Ministry on the basis of recommendations
from NVE.

15. Largely Secause of nhis arrangement 0f subsidies, Nerway
is today fullv electrified, or in otler words, all perwons
living ia Jorway have a prover supply of electricity.

46. About 300 jeopie live ia such remcte places thac it
has a0t been possible to conrect then =3 the nér:al diseri-
bution systaem. These are given Zizancial suppor:t for t:e
purchase and overation of diesel aggregates, such that kaev
pay about the same Zor the electrical energv they >roduce
themselves as they would have had tc pay for electricicy
from the electricity supply undertaking ian the locality.

47. Funds for support were small i relasicn to racuirenents.
The 2ollowing gquidelines were practised: Available monev

was rationed, so that all were given a certain supcly oZf

Jower as soon as >0ssibdle. It was imcossidle to place strict
requirements upon the gquality of deliveries and this led to
voor volcage conditions, large losses and often interrupzion
of current. Nevertheless, is was preferred ratser than
giving each plant a larger dimension with an eye to the Zfuture,
thereby delaying electrification of other areas.

Qraanization of dis-ribu<ion undertakiacs

18, Wa have describaed earlier now the slectxicity supply
undertikings develored as a resul: of local initiative.

An actempt was mace <o atzract local ifnitiative also when
2uiiding up the electcicity supply in sparsely populazed
arsas. 3ut her2 =ihe State, represanted dv NVE, had =0 make
a ncre active effcrt to set the distribhuction zompanias o
take on tihe task., iyt of all, an astempt was nacde c3 add
tO ax.isting elactricity 3upply undertakings such =nac these,




through subsidy arrancements, were atle to extend the distri-

bution system at the limits of their supply area. Where this
was impossible, new undertakings were initiated.

49. The distributicn ccmpanies given the rasponsibility for
supplying sparsely populated arsas - as a condition for being
avarded subsidies - maintained certain minimum prices Zor

the electricity they sold. The publicly elected 3ocazds of

the distribution companies wanted to keep prices as iow as cos-
sible. The authorities are apt =5 consider eilectricity prices
from a social standpcint. The central agthorities, by means
of the taxes which are used as part of crdinarv-national eco-
nomic policy, are able to influencs the eccnomy cf the elec-
ericity supply companies. Even so, the eccnomic foundation
Zor a aumber of the companies supplying electricity =0 spar-
sely povulated areas has not bSeen tco cgcod.

5C. Thais keen enyagement is in nany ways heneficial. The
local oupulation are able to nake their views and interes=s
<wown through the publicly elected 3o0ards and the musicipal
and county councils. This has put solitical pressure on

the central authorities =0 Zind solution to the prokblams
facing the districts in connection with the supply of elec-

tricivy.

Lavellinc of oricas

351. =Zlec:ricity prices which vary from one supplv undertaking
to another are a result of the csnt of seli-management dre-
vailing in the Norwegian electiricity supply system, but are
also closely connected with zhe extremely varving natural
conéditions under wnich the various supply un.ts work. Never-
theless it is an important political cbiective that prices
should be as equal as possible ‘2 the differenc arsas. 7Th
electiricity supply undertakings with =he best eccnomy acse
of<en those that tegan at an early stage =0 Zevelop chelr
twn wazar scwer. This is parztly relacedé =0 condic=ions =2
sosts ZIor zcwer sredéucticn. Clder water fower stazizns,
thac are 1o longer turdened =y lcans, produce elaceorizizy
AT a very low <ost (about i-2 ﬁra/kWh)¥’ Digzwribuzion uncder-
Takincs wnich receive scwer frcm newer plant3 ars surdened

%) P rem),2 U5 Zent
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with higher ~osts Ior their supoly »f power. This is due

0 inflation and &5 2igher capital costs.

52. TFurther, the fact that older distribu=ion undertakings
supply more densely populated areas, gives them a becter
economic fcundation. Characteristic figqures are the number
of subscribers per km distribution line and the sale of elec-
trical energy per subscriber per vear.

Increased load led =~y oroblems

53. It has become apparent that the sconomic capacity of
distribution undertakings ia sparsely pcpulated areas has
been insufficient for them to consolidate taeir system ia
step with the ‘nc-ease in load. muruuuiamuswuL
which may mean that the subscriber reduces ais consumption -
Zor example by using other forms of energy. This ia zu=-n
again helps to disturb the economic basis far the distribu-
tion undertaking , compare figure 1.

S54. The cent:al authorities' efiorts to counteract these
Problems have heen aimed at:

4. An extension of the above mentioned sulsidv arrange-
ments =2 iaclude consolidaticrns &5 the system - not
mmrely construction of che original initial supply
systcam.

5. Providing lcw-ihterest loans f£or consolidation of
the system through the Norwegian Municipal 3ank--
which is a finance institution founded upon Stace
guzrantees.

€. A rationalization of the organization, and she com-

bination of smaller uni=s iato larger ones - in par-
ticular the coordination of ccmpanies responsibie

" for supplying sower to sparsely zopulated areas with
other supplying densely porulatad arsas and centres.
It has been shown that in order =c achiave zhis,
Iinancial suppor<s nas =5 se Provided to strengthen
the oorer system sefore the combinazisr <akes Bliace.
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The neeé for coordinaticn ¢f zthe alactricity sudply

55. As electrification of the countrv progressed there was
shown t5 be a need to a coordination of furtier develcpmencs
and a rationalization of the orjanization of the electricicy
supply. Technical plants were extenced cn the basis of plans
crepared locally. These gave little or no consideration at
all to the advantages of joint operation with the neighbouring
system. As late as in 1357, there were 27 larger or smallar
supply systems with no interccnnecticns kbetween them. The
need for coordinaticn was obvious.

!1962-1978: Third phase o the counctry's electrilizasion,)
.cooriinration and ioint scerazizan, :

356. YNVE was reorzanized in 1360 and was given the addizicnal
respensibility of coc ~dinating the further developmen:t of

the alectzicity Eupp;y. A planning unit was established which
was to prepare nation-wide plans Zcor the system and ensure
that 2ach componert - i.e. psower-producticn plants, trans-
mission systams and tla lines between svstems %o e buils

in addition to zhe existing svystem - was suicably. dizensionad
and operated in such a way as 3 %e of Dest possible senefi:
to the system as a whole, irrespective of who owned +he ccm-~
oonenz. This introcduced what may ce lcoked upon as the third
Shase in the history of electrification in Norway. NVT zas
developed an exper=isze which, in >ollaboraticn wiih the tower
cormranies, ensures that this objective is achieved. As zen-
ticned esarlier, the Association of Norwegian Eleciricity
Supply Undertakings, and "Samkigringen" - =he Power %z0l of
Norway - also work in this direction.

57. Through NVE, at %the State Power System, the main -rans-
mission systam for the councry andé connections wisa abroad
ares developed in accordance with che nation-wide clans 2re-
parad by the abcve mentiorned planning unit. I% 1s necassaxy
20 empnasize the imporctance of clsse zcllanorazion saertveen
this zlanning uniz and planners amgplicved v <he zower zom-
Fanies. At <lle same tine Lt nmust be ensured -=hat VVE's slan-
ning unit .3 al30 able to act indepencenzly oI zhe zcwer

companias.
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358. Ia additicn, MVE assists in efforts o rake the distri-
bution of electricity, and the wnolesale supply iz the dis-

tricts as rational as possible.

The basis for cooxdinated olanning

59. NVE's activities in this connection ar= based on 2 sce-
cial Act - tae sc-called Electricity Act (latest version
of 1969). Pursuant to this Act a licence _s reguired for all
electricicy plants wich a voltace hicher tian 1000 wvoits.

| Ia principle, the Licensing Authorisy dces act give a license
fcr plants that are noc in accordance with the cocrdinated
plans. 1In practice, of course, only the most imcortant com-
ponents of the system are assessad closely by the central
planning uwizz. Comronents farther cut in =2e distribution
system are planned by local zcdies and are not considered in
detail hy NVE. All power production clai.ts, however, 2ce given
stecial consideration, both fzom the technical and the ezaromic
standpoint. Attenticn is alsc given to the quastion of who
will be issued with a license to carry sut che Jdevelopment.

Standazdiza=icn

60. Each individual power supply uni:z aas Seen given a rela-
tively £ree hand in the choics of equipment 3Ior the develce-
ment of the supply system. This has led to the use 3£ many
different types of equipment. At a very early stace, c=ro-
blams 2rose tecause scme chose dirzect ané otihers chose alter-
nating current in their respective distribution svystems.

The gresatest problems Lave been asscciated with choice of
systam voltage for low-voltage and nigh-voltage dist-ibution.

6l. Additicnal costs o the companies wnen systems with
difZerent voltages were <o ce combined resulted in =he de-
mand for a standardization of voltage level. Nowadavs,

22 ¥V is preferred for hign-voltage distributicn - parzicu-
larly in zuzal 3districss - 66 xV and 132 <7V Z22r the aign-
voltace Zeeding systems. The pdrocclem ig that changing sver

%0 another 7oltace level s rerv zoscly.,

e ————




§2. The authorities also iantrvduce a certain standardizactic
by making sure that ncrms and standards are complied with
in respect of the plants £or which a licence is applied Zor.

63. The Norwegian netwcrk has a frecquency cof 50 Hertz.

It is operated in synchronism (tied togetiher) with the Swe-
dish and Finnish networks and with parts of the DJanish.

The remainder of Denmark (Juztland)} i{s cverated in synchrc-
ai «#ith the main Enrovean syscem.

International cocperation concerning ncerms and stancarcds

64. For aany years, Norwegian specialists and experts £rom
the power suprly and electrical industries have taken an
active par: in the wosk of the Intermaticnal Electrotechnical
Commissiorn, aimed at a standardization oL, and anozx=s fcr sys-
zems and equipment. This is expressed, for example, in re-
quirements Zor the materiel Zorming components of systems,
value normg, system vol:tages exc.

65. Similarly, Norway is represented i~ ISO (Intermacional
Standazdization Orcanization).

§6. The standards and nccms issued by such organizaticns

are accepted as Norwegian rnorms and standards - nearly alwavs
without alterations of any kind. This gives the acvantage
of being able %o purchase matariel on the intermational mar-
ket at the lowest orice and be surs that i= can be replaced
by other equipment.

Quality regquirsments for elec%rical consuner acuizment

67. Electrical equipmenc for use in Norwayv is subject o
control in accordance with special legislaticn. This con-
tro. i3 <he responsibility of The Norwegian 3card Zor Tes-
ting and Approval of Slectrical Zquipment (NEMKO ~ Norges
Elak=riske Materislikontroll).

33. Zlacerical iaszallacicns at the alec=ric sucply under-
takings are controlled zy NVE, Direcscrace of Ileccricizy.
This task is carriaed out in accordance wicth special lagis-
lation. NVE has delegated ccn=rcl of 4istribusion system




instaliations ané af subscribers' elaccrical installiaticns .

to the. alectricity supply undertakings.

§9. There are very few accidents in Norway resulting from
the use cf electrical egquipment, but electricity may be cause
of fire in buildings- 1tThis is probably hecause it is very
usual £o build acusas of wocd in Ne-way, and that, because

of the cl.zate, most buildings have an elactric scuxrce of

neatcing.

70. The Azt relating to the Inspection of Zlectrical Iastals
lations alszo lavs down ainimum requirements regarding the
ccmpezence of persons who work with, and ara respeonsible

for the eracticon and cperation of elactrical iastalilacticns.

71. Strict control thar these gqualiliy requirsments 2re ccom-
plied with serves to protect bot:h life and aroperty.

Norwegian IndusctIv as supplief’for develorment oI elactricity
suuoly.

72. Norwegian elect=rotschnical indus=tzvy has develored in
step and :tcgather with the aslectrificacion 0f the clunzrv.
Components rave been marufactured in nart in Zactcries owned

1

by Zoreign industrial concerns, {n part cn -nZe basis oI

licences purchased by Norwesian Zizms. Cradually, the situ-
ation nas become that Norwe:;;an firms have cdominated zhe

manufacture 9f electrical materiel.

73. Today, the Norwegian electxrstechnical industry is cap-

able of delivering all the materiel necessarvy fcr the fuz+ther

develocment and renersal o2 the electricicy supply network.

A certain amount of eguipment is imported as a result of fzes -
comzetizion, but in return, Norwegian electrctechiaizal in-
dustzy exDort3 mazerial Zor power develcpmen: over larg
parts 02 the world.

74. There las teen close collabsiazion cver tihe vears secween

[8]

Norwecian alactrszechnical anterprises and similar Iicms
abrzad. Thiz nas zeen of oconomic tenefit and has stimulate<d
the exchange 2¢ Xacw-acw




75. Norway has a liberal system 9f trade allowing, amecnest

other things, foreign firms to compete on the Norwegian

rket. This has caused srchlems, in particular Zor the
puraly Norwegian firms, which operate on a market that is
relatively small in compariscn with that of the larger
foreign concerms.

75a. Norwegian contractcrs, tcgether with the NVZ-State Power
Systam serfcrm the construction work 2f .gcwer staticns and
main power lines. The electricity supply underzakings build
much of the distrikution system under own management. Nor-
wegian consulting engineers ars exgerts ia the Zield of water
power and electricity supply develorment.

Davelocment o0f the technolcogical milieu

78. As mentiorec above, there was extensive Zoreign inZluence
during the first-phase of the Qistary of slectxification in
Norway. That Norwegian people have shown such a keen local
interest in electrification is prabably a2 resul: 9f lcocal
cemocracy, the “"help towarcs self-nelp" attitude of the
centzal authcrizies, and tha+t electrification could secin

with the utilization cf watsr cower scrvrces wnhich were avail-
abie e7erywnere. Geocgraznically, the technologizal ailisu

was widespread.

?

77. Technical education pecan in connection with mining

operations in the last centurwv. The Norwegian Iascizute
of Technology was founded {n 1910. Mining, indusctrialization
and electrification of the country lad many voung seoble

in small towns and rucal districts to seek a =echnical edu-

caticen. -

78. Not least =he develcpment of an elaczricisy sugsly -
and perhaps the development ci watar power in sar=icular,
wiich wasg bound tc take .lace cut in tha disgtricts - craated
an intares= fcr =z2chnical 3ubject3. Scecialiit3 i1n zhis

wers2 highlv cestec%ed. This naz without 32cubc rade 2 ccns.-

Zerabla conoributicn <0 e 3r3¢rass of 1ne countxy.
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Eaxercv ané Societwy

79. Much attention has kb

een drawn in recenc years to the

possible limitations in the future glcbal suprly of enexgw.

The importance ¢f electri

has become nora evident.

city for the prograss of a sociaty
The long time it takes o mzke

Preparations for an increasaed supply of energy has meant
that the attentica to the general development of. society

has, =0 a large extont, &

een connected to the discussion

ccncerning anergy resources and energy supplies. Cuasctions

relating o sccial struce

urs ané the natural enviranmens

o portant topics ia this respect. ainother vital natier
is the raliabilizy of <=he energy supoly.

Fourth ohasa in %he electrificacicn, the incaraczicn cetween
eleciricity and other Zorms af anersv.

80. 1In Norway, there has

been a demand thact 2nersy supoly

and exergy consumption siould ke ccnsicderad in a wider co-

lisical relaticnship._ This Teans tkac =he total-enersy aspect

has tecome : ceatral element in :-e planning of 2lectciciny

supcly and other forzs of enerjy alike, anac wien providiang for

a rarional use of energy.
kas found significane Zag

In aediticon, in recen:z vears, Nervay

£il erersy resourses wiihia i-s

tarritcries. All this intrcduces tae four+th phase of zhe

cduntry's elecirificaticn: To plan =ha elactricizy supoly

system as garxr+z of she céun::y's total eneryy svstem,adaptsd

to political requirements
the natural envircnment.

concerning social stoiczure and

8l. 1In Norway at the present time, certain instizutions
are being reorcanized, others are being established, %o :take

care of these assignments
supply under<akings will

- The tasks o3 the electricisy
ce ertended. A Miaistzy of Znviron-

ment and a Ministry of Patroleum and Zneargy nave 2een creaved.

NVE expect3s o be given mora exiensive responsibiliciag and

Tasearch cn zanergy will be reorza. rzed and zcnscl:idated.




Lessons Z-cm Norwecian exvperience

82. What features in the history o: electrification of Norway
is there reascon to empnasize in connectjon with experiences
which may be transferrsd to countries or arsas which are not
ars yet elactrified or fully electrified? At any rate, these
areas need nct use a whole cernturv for developments - they

can build uron all available exgerience and knowladge. Seen
in retrospect certain things should prcbaply have zeen Zone
otherwise ia Norway.

83. I shall list some of che points wiich, in ay opinior,
are valuabkle £or developing councries in their strucgle <o
zave the way properly for the develcrment o alectricity:

a. All lccal communities want electTicity. Wihen a lccal
community is suppliasd with electricity, ways of life
are altered ané the eccnomic life chances in characser
It is therefora impor=ant £o define the aims Zor cthe
stucture of gociety beiore shaping a policy Izr elec-
trification. Electzification of zural districts makes
a s3t-ong contrizuticn towards ptese:ving zhe tradis=icnal
sattern of settlement ané will craata act zias thers,
IZ only the centres are electrified, urbanizaczicn will
increase, and this mav ls2ad o prchlems.

Assuming that it is desirazle to preserve <he scattezad
sattern o settlament,one snould:

5. Let the local populaticn itseli beccme involved in <he
plans for electrification and the implementation of

these »lans. The central authorities must give assistance
in various wavs - through advice, planning, c¢oordinaticn
and financing. The management should be decantralizad

as auch as possible.

c. Znsure that local develoomenz take place as par= of a
nacion-wide slan whicn will provide Z2or a Iucure, inter-
connected racional svyszam. Inssrumenss S5 achrave =This
may ze:
= A zenzral cocrdinating z¢dy which takas carzT o

L-ca- slanning.

- Legislacion wnich ensures =he necessarv TantIal
contzral.

"




34.

- Financinc arraagements which provide lccal elactrzicicr
supply undartakings - with 210 financial backiag- wizkh
the possibility to Zinance the c¢onstruction of initial
systems.

Make full use of the recommencdations, norms and standazds
ready worked out by intermaticnal scandardization
organizations.

Reguire by law that the perscns responsibie Zor the daily
operation of a supply gystem are drocerly cualified.

™is ianvolve oroviding faciliities Zor tzaining of personzel
in the countzy in gquestion. A deliberate effcrt should
e made to educate perscns from the local communitias

and encourage them to beccme intarssted in the elactri-
fication programme.

Ty ©o zuild uzp domestic incdustzy Ior che manuiacturs

or preparation of equipment necessary Ior alectrilication.
Try %o build up a technological milieu by establishing

an engineers' asssciation, and elsctrotechnical pro-
fessional asscciaticns in addisicon to an association

of the electricity supcly undertakings which are startsd
up.

An attempt should te made to base electrilicaticn upon

domestic rescurces - wnere available. Water scwer souIcas

r2 of particular interest because they ara renewable.

a.

Even thouch one should “zv £o cevelcp tle larjest soucrces
possible, caution should be shewn in starting on larg
srojects which will take a long time to show any profic.
The development of small water power sources will pro-
bably LSe the best solution at an eariv staga of elec-
trification. Developments in Yorway, Zrom the many
small, through the yradually lazger, %o the large pro-
jects - may be an wxample of a good arrangemenc, wherse
suitable resources are availablie.

Diesel ctower stations az2 oZ<en suitadle Zor the initial

slacsrificacion of lLccal areas. Oi=sel s3tations and
Water dcwer 3TaTions can lacer 3ujpiament 2act cthers
in the same 3vs.am. What as zeen saii ipcva acous

Local angagement, operatisn and =raiaing, aztliesg ‘usc




as much to systems sased on diesel power.

c. Large water power sources carn oiten be develcped in
stages, dut some can only be developed as giant pre-
iects, s=er in relation to non-industrial Scasumption.
In this case the solution may be the establishment
of incdustry, but the crdinary consumer sector should
be supolied first, and here the plans should be very
long-term - 30-30 vears.

d. Zlectricity prices should stimulaze consumption: chat
is %o say, they should e low ia relation to the cosis -
at least at the start. It i3 necessary to subsidise the
supply underzakings until sales ace large ernougnh Zor
=hem to hear the econcmic zurdsn alone.

a. I* is important -c register cctential watar zcwer.
This must be decne by competent sersons.

£. Bydrological studies shouli aave teen perlormed Ior
many yearss - tefore plans are macde, and i= is cdecided
t0 build X power station. The authorities must theraiore
make surs of che necessary competence, and caTsIy cut
systematic zydrolocical investigations and regiztrazions
in the water coursas - even though it 4does 20t seem
<hat there will be any develcoment of water power in
the ismediate future. I- can Ze economically hazardous
to deveiop water sower on the basis of meacre hydrolocical
daca.

G. Multi-purpose utilization of a water source snould se
tudied beZore a decision is made to develop its water
power.

85. The implementaticn of 2 naticnal eleccrification pucgramme
#wili depend upon the exper=ise wnizh, at central level, i§

able to Zollow up and ensure czhat iz i3 efZectad. The 2est
guarantee for the implamentation cf such a2 programme is the
creation cf a limited bureaucracy, with highly cocmrecant angi-
naers and economiscs 1aving a s=<rong desize <o nhelp the lzcal
sopulaszicn in thelr striug5ie o aszazlish, exzendéd anéd operaze

their own slectricity 3uspiy.




36. Central electzicity organizations of this type can wita

advaatage seek intermational collaboration with sinilar orga-
nizations in othe. countries with which the Gevernwent con-
siders it a benefit %o be conrected.

87. Guidance in the rational and safe use of electricity and
the import of, or develorment of domestic manufacture of
elecsrical consumer ecuipment should be followed up by the

central authorities ust as in che case of eguirment Ior tle

develoomen: of the supply systems.
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Acrcencix 2 1

ENERGY SGPPLY ANT CINSUMPTION IN 1978

thergy consumption

Total guantity deliveread to consumer 363.3 2J 1008
Electricity 67.1 TWh {5 o7 353
Petroleum products 6.5 M.tons 276.1 pJ 49%
Qthers, coal, coke, firewcod etc. 45.7 PJ 3%

Energy consumption per capita per annum:
Electricity: 16 800 kxWh, Total 14l GJ

Total energy utilized by consumer 444.0 25 100s

Electricity i41.3 P27 EEE

Petzoleum products and others 202.5 PJS 12%
Consumption of electricity, by ccnsumer category:

Households, agriculture 19.3 TWh 29%

Pulp & paper, miaing and indusctzy

excl. gsower-intensive .0 Fg |

Private ¢ pudblic serv. & %Tansoor:s atc. 7.3 7 L3

Power-intensive industry 26.5 " 394

Occasional power to electric boilers

(=his vearz| 2.5 " 43

Total ne. consumption 67.3 T™Wh 130%

Of the total ne% snergy consumption, -about 22% goes =0 space
heating, of wWnich 60% is covered by eleciricity.

Textal outflow (production) cof enersy raw nacerials 1978:

Water fall enerzsy

{approx. mean hydrclogical csndi:icns)l) 35.3 TAL 343 25
#ood and peat 600 cu.a 37
Coal 0.47 M.tcns 13 "
Crude oil 7.2 " 27"
Natural gas 13.4 &x° 3563 "
Sum A°Drox. 1l 700 23
Total der-~::ic consumption ol energy raw matsrials for energy
purpose v "4 apout 670 2J.
J = joule (international standard unit £or energy)
1l xWh equals 3 600 000 joule
Prefix k scands for kilo, i.e. 1 000
" M " " mega, i.e. 1 4900 300 .
" G " " giga, i.e, L 200 200 200
" T " " cera, L.e. L 530 3€0 J30C 300
" ? " " cet=a, ..e. 1l 000 Q200 00C 0CO 33¢ N
< GC {(gizasoula) = 1) icule
1 25 /petacoula) = .*’:cule
1l TWh (terawa=zhour) = L39 kilcwatzhcurs (xWh)

L) Stacus ererzy of =he watsr, i.a, silectric enersv ielivared
from zurbo-genarazcr divided sy 0.35.
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Spencdix 3

Scme userful addresses:

The Royal Ministry of Foreign AZfaics
Post 3ox 3148, Cep. Oslo 1

The Roval Norwegian Miaistry of Petroleum and Snergy
Post Sox 8148 Dep. Oslo 1

The Royal Norwegian Ministrv of Industry and Eandicrafts
Post Box 8014, Dep. Cslo 1

The Norwegian Agency Zor Iatermational Cevelorment
203t 3ox 8142, Cep. Cslc 1

Thé Norwvegian Water Resources and Zlectricisy 3cazd
Post 50x 5091, Cslo 3

"Samkjoringen® - The Powar ool of Norway
Post 3ox 35093, O0slo 3

The Association of Norwegian Zlactricisy Sugply Cadertakinags
2ost 3ox 277, 0sio 3

Tha Ncrwegian Institute of Technology, Cniv. of Tzondheim
7034 - Troncéheim - NTH

The Yorwvegidan Research Institute s£ IlectTicicy Supplv (IZTI}
Sem Salandsvei 11
7034 Trondhein - NTH

The ConZaceraticn of Norwegian Iadustrias
2ost 3o0x 2433, Solli, O0sls 2

The Norwegian Sociaty of Char=ered Znginears
Xronprinsensgt. 17, QOslo 2.

Addicional copies of this repor: may bHe obrained from she
author.

300 coc 3C0
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