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Int:oduc:t1on 
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Some :eatar .. ;s o! ':he 

EU:C'!'!UnCATION OF ~ORWAY OtJr;:t d. ?!:R:OD OF 100 ~-&~ 

Experiences vt:ich m£7 :e ::se!ul for cer-..ai;l cevelcp:!.;lq 
count:ies - in partic-.ilar c:once:-~.i:lg the utiliza-:.!.on of 
•4 tar power sources. 

!.:l~OCUCtion 

Oeveiopment strate~ies 

1. ~lectrif.!.ca~ion of a countrf, or o: an area, :nay oe 
~rqanized in ac.:ordance wi:..":. various s~ategies o! cevelcp
:!!ent: 

al The 3tep oy step :evelopment o! inter:ial sources o: 
energy ¢.a c are l£rqe and concen t:a ted, in :..'li.s •11ay 

d.;:aw~"'lq :ene!i~ !=::im :..~e f~c-c t.":.at :.":.e .:ost ?er ?ro
.iuced unit ~ual:y dec=eases ·11i~ -:.":.e size of ':.":.e 
#Orks - :..'le economies o: scale benefit. 

acti•ri.ty - t.l:'!lan a."!d !.ndust:-ial a:eas - :y ~eans 
of powe: ?reduction ?lanes o: suita!:le size. ~=cm 

:hese core areas, t.~e ?CWer s~pply systsm is exte:.ded 
to ~:ea~ •i:..~ sparser popul~tion a."'ld less c=nc~
t:aced ~ctivity, i.e. -:o ::u~al ~=eas. 

cl Grea~er emphasis on ·:..'le elec:~i!.!.ca.tion o! smal.:. 

communi~ies ~nd r-~ral £:eas 3UC~ as :~ese do ~oc ~aq 
oehind i~ relation co :.'le development of :.'le supply 
services ir. u~~an areas. 

2. T~e ?ro!irabili:y·ot elect:i.!icat.!.on proJects are :oo 
~:E':en considered onl1 f:om :..:.ie ;ioi!lt. ot •r!.ew o! ':.."le J\!pply u."ld&:

':~~i~g ~lone,t.e. economic ?ro!~~ !er t.~e suppl1 u."lde:t£k.!.."lq 

•ill ~e ~he ~o•t i;:iporta.r.~ !actor ~ete~i~i!lq #he-:.":.•: -:he 
?ro:ec~ •~ll be :eal~zec, L"!d •he<:.~er i-: -~1: :e ~ossible 
-- :1na;1ce i:, :..e .. ,..he-:~e: -::te !i:-.anc~ :.~sti':".l':;.or.s ·.r1:.: 

:.e ·.r~:..i.~:iq -:~ ;~·re a :.oan !or -::te projec-:, sae :.a !::d ::. 



J. If the seconda-ry ~c! ter~ar1 effects of electrificai;icn 

ara consic!ered f:.:im uie ?Qint o! view of society u a wnole, 

:t iS ;ioss~le that the plans ·"'111 ce !or::ied other.1ise, see !..c. 

4. It :nay not be .rise to ?Dake a di:ect transfer of tech.no-

loqica.l solutions from c:oune:ies ~1th total elec:t:ific:ation 

and .rith ex~ensive industrial ac:~vity ~ c:ouncies •here, 

in some areas there is no elect:i!i-=aticn at all, or ·mere 

~is is jus;; i."'1 tte ea:ly stages. 

3. ~lectrifica.tion of an area. :neans a q:ea t c!eal i;e t!le 

population ana £er the ac:":J.Vi::[ in the area. ::ztpor-~~ '9le

~eni;S i:1 the :?lann.i.•q :or elec:t:i!~c:ation are: 

al ~'le a ttl. -=~e of ':!le siecple li vi.-iq :.: ':.~e a:~ :i ~~.rar:is 

::he ?lans - asuallr ~is is ve:y :;:iosi ti. ve 

:,) the ?QS'5i.!lilities for potential sW>scr!.bers t!:.emselves 

<:o take a.n act.ive :;>art i."'l. ~e implementation of ce 

;?la.ns - t!lat is to say, ~ effect elect:i!icat:.on in 

pr:!.c:~ice 

C) ~e :;:ios:&ibi.!.itias !or :Mk!..":~ :ise o: !.occ !.acou= 

and lcca.l rescl:rces • .,,he.'l .±.mpiemer.t:.:q -:..~· ~:a:..s 

c!) t.'le use of t.:nc:omplicateci (si!!tplel tec!l.'lical sol'1ti.ons 

el t..'le utilization of local en erg-/ reso..:.r:es 

fl seconcia:y effects of elec-:=itication - ligh'= at ~ome 

a11d at ·.rork, awcilia:y set"'r:.ces, i.~troc:· -=~ion ct 

television (nation ouildi~q), ~ec:hanization of local 

in•bstrial processes !or proc!;.ic:-:ion cf a.gric-:.il-:ural 

and fisheries products, S%11All-scale i~dus~-y · 

gl secondary effect~ by ~eans of ec!ucatior.al services 

that are possible only ~here electrici'=y is ava~la!)le -

for example, ac!-:.il: education ?r-=g::-!.lt'J!lfts on ~elevis ion, 

vocational t:aln.L"'tg i."'1 ~ec:~anics, ~ac:h.L"'te ~ai."'tter.ance 

etc. 
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6. :=cm t.'1.e poi..~t of view o! societ7 t.~e bes~ prcg=a:im~s 

!or :evelopment ~• '=..~ese aimed at elec~~!icaeion of areas 
where ?eople e:aditionally live and have t.hei~ ;neans o: liv!.i
hood, rather t!lan areas where t.~e :narket is :est !or t.'1.e sale 
o! electticit:f in the preliminary phase. £le~:ification 

of the traditiona.l areas for ~u.ltu:e and actiVit'f, that is to 
say, the :uraJ. areas, •it..'1 t!lei: aqr;tcmerations, will coun~er
ac~ t!le ::ende.'lcies t:JWa:ds u:banization -.,nich o:!ten ::lake ~e?n
selves !elc when t:::io Jtuch em;:·:iasis is placed on !l~?..~~q-•.!p 
so-ca.l:ed ce..'lces, -.,hi:.'1 :..:i t~ cfte..'l leads to ~e :eveJ.op
!lleJlt of slum d.istric~s as a :esult of overloading of ~e 

service facilities i.!l t.~e towns (t::~spore, waear s~pply, 
sewage, waste c!is;icsal), t:::i unut;'loyment, ur.::est anci political 
~stability. 

clect:i!ication provides e.xte.'ls!ve poss~i:i':ies ":::> 

i!lfluence t.'1.e !.i·!e of t:..":.e people in rural dis~ic~s i.:i such 
a '"'ay t.'1.a t '=..'1.ey 1o1an t c:::i s~ay t.'1.ere ~d ·.rork t.'tere. ':!:e :".'• 
are :nany argument~ !or choosing development s~ateg-1 c, even 
t:.'1.ouqh :nore nar::ow ec:::inomic cor.siderations ~ay po:...~t to st=a-
ee~! b. The elect:!!~ca~ion ?roqr3l:mle :or ~crAay L~ 4:.~e l~s~ 

-'O yea:s :ias !.!lclt:.ded ::iany el.emen:.s o: st:a-:eg"f c. 

a. The ~u...1e=0se of ':his :epor~ i3 to point out some o! ':..~e 

!eat':lres of the ~is-:or/ of elec~=i!ication in ~or#ZY #hi=h 
~ay be o! interest i.~ a:9as 4hich are aecut ~:::i sta:~. o: 
have ;ust sta.r~ed, t, develop an ~lec'::i=ity suppl1 system. 
It will take pa:ticular notice o! tile importance of an :...~i

tia tive by the local ::opulation and of t..~e ~tilization of 
local, small sources of ~ater powe&. Consideration #ill also 
be given to t.~e question o! 9ro;essional assistance and !inancial 
su~port, toget.'1.er #1':..~ the im?Ortance o! the cavelopmen: 
of a strong tech"!.oloqical m:.ieu . .,it.~ ::.,i:isi.Oilities !or :iar
:ncni:ation, coordinat1on ar.d standardization ot sol~ticns. 
T!':e :ie•1elopmen-: of i!1te~a.:. .'...~dt:3t:-f !or t.~e C.eliver/ o! 
equi;ment !or e~ect:i!ication ~ill ~lso :e disc~ssed. 



Nor..rav's elec"::icitv succl•r OL.'lci al!!ctticitv consu::i:>tion tcda•r 

9. It can Qe o: interest co look at •.rhere Nor..ray stands 

today. Sy t--adition, Nor.ray i.s a country wi~ a st--ong :ural. 

str.ic:ture - spread over the whole countrf, .,ith. ~pulation 

a.rid actiVity al.onq rivers and la.ltes, alonq the fjords and 

on island.s. General. qeog=aphical data are !cu."ld in A.ppe."lc!.ix l. 

10. Nor..ra.y has a •;er1 :tigh energy consu:nption. T!l.!.s is i."1 

par't: due to c.!.i:Date, U ;ia...-t; to t.i.e nigh degree Of illC:us~!.~

!.ization and :nec."lanization, •.1hich again is a resul-: of t."le 

very exeensi•re .rater ;iower resources. T!le supply o! electtic~cy 
is up ~ 99. 8 \ !:)a.sed O:l in.lane .,ate: power. 'iiaee r ;io..,e:r 

elec4!::!.ci '="! =epresen<:s about 58 \ of t.~e -=o~al !.;llami e..'le:;y 

atili:ed ~Y tile consWll'?:r, see Appendi~ 2. Ta!::le l shows 

the di::iensions of the water power s~tions. 

T"lble l. 

Water ::ower stai:icns L."1 No:-.rav accorC.1.~a ":O size ce:r 3l.l2.19i8 
------~--------------------------------~-----------------------
C~ee also Table 3) . 

Size 
!Ulowat~ 

o-
100- 1 

l ooo- 10 

10 000-100 

> 100 000 

SCM > :oo 
(for •Jr.its 

Number 

100 !Jnk."lown 

000 136 
000 190 

000 la6 

53 

3a; 

etc. see Appe..'ldi.:< 

":otal capaci~ 
'.<ilowatt 

66 000 

?80 000 

6 HS 000 

l".l 7 3 i' 000 

'.., .:.1 531 000 

2) • 

~ean 3.n.'lual 
;rociuci.':ili ty 
Qih 

I:is!.gni!ica.-:.t 

a.bou<:: 200 

3 300 

30 600 

5.2 700 

-a6 5CO 

ll. Water ?OWer seae1cns are sprea~ ove: ~~e wr.ole coun~:y. 
?=ac':i::al:y :.~e whole o! -:.~e ccuner-1's ?Ower su?pl7 :s :~eer
c::n~eceeC. :..~ a sys~em o: -*20 '<'! ::<=.:o.,ol-: • lCtCO .,ol-:: , 3~0 :,._,, 

and. 132 :<'! ::a.~srn.i..as:.o::. li.~e.s. ~ ~20 ":<'l c:.e ::.~e -:o ~Jcr-::=. 



12. T!le YOt"'Jeqian ::ewer sys~em exchanges ;:ower . .,;. t."l tile 

Swedish and Qar.isn systems as ?art of an ex~~sl.ve ~ord:.c 
co-opera~ion. ~ total of 3 ~ewer e."Cchanqe l!..:ies c:oss ~"le 

Not"'.,,eqian-Swedisn border. A fu.r-...!ler 2 connec~ior.s ( 420 kV) 

are under cons~..:uction. The Yot"'.,eqian a..'ld Danish-Jutland 

systems operate ~oi.:ltly o....-er a 500 kV, 130 id.lometre long 

cue~ c-.ir=ent cable ac:oss the Skaqer:a.<, t.":.e sea ):)et".,een 

Jutland and Sout!:er:i. ~or-..ray. 

l.3. ":o a.:.!. i.nten~s anci E,>U-"";cses, tile:::iaJ. :;ic"'er !.s !cu."tci 

u Nor..;ay .i!l · ~dustry, in ~e foe of :ack pressure ?l~:!.ts. 

~rouc;h uc.":.anc;e ac;:&ements ·11i ~'l neic;hbouri."lc; cou.'lt:ies, 

~orJay !.s e.'lsur'!d a supply c! :.'ler::ia.l power L"l ;ia:<:i.::;.Ala:!.y 

C.:-1 years. i::: ·.ras a C.:-f :.r~a= !.."l Yo:-.r-1.y, and !...~ ':."la'= year, 

?aver ~as ~cr';~ci. ~s~a::y a ce=~~.i!l a.::!01!..'l~ o= ?C-.,er is 

expo~ed to neic;hi:lou:.i!lc; couneries f:om ~!.:le to ':i:e. Nor-.ray 

al.so has er. agreement . .,ith ~'le Soviet Cnion !or :.":.e renti.::g 

of a 56Dall amount o= ?Jwe= over a !.SO ';<V cor-"lection L"l ~e 

::iort..'le.."":1 area. 

14. !'he total :!evelopable .,a-=er ?ewer pote."l<;!.al !..~ ~or-.ray 

:.s esti;nated as ha'Ti:ic; an an"l•.ial ?rod•;c~on :apac!.~y o= ~out 

:so ':"Ah, qi•ren mean ;1a~er conditions. ~out !\al:! o! ~":.is 

has ~een davelo9ed up to ~av. So:ne uncer~ainty !.s :cn.nec~ec 

·111-:.:.i t.'le rema.!.ni."lg po::e."l ~ial as a resul:. o: !..."lcarests of 

conser-raeion. ~ecisior.s ~ave oe6%1 made, or ?r=posals puc 

:or.r&rd, ~ conse!:"re ai.lout 20 '!"Ah annual ?rociuc~ion C3.pa.ciey. 

T~e=mal paver mus~ be ucilized i! t..~e demand for ele~tricity 

coneinues :.o increase. ~t~emp~ a.re being :nade to reduce 

:.'le :urther i~crease in consumpc!.on. 

15. C.":.aracteristic for che elact=ici~y supply i:i ~or-.,ay !.s 

:.hat t.~e sys~em ?rovides the ccnsumers •.ri t.'l a rela <;!:rely lar;e 

amount of !ner;-1. Thi3 g::.ves a low cost :or each •.mi:, #hi:h 

-:=::.c.:.-:7 sup;:ly ac:o•.!r.ts ·:or a .!.~r;er ?ro;:c:-:.:.~:'l c-= _.., ... e:'ler;-1 

s~pply. ~~ese :epex~~ss~or.s a:e i:l~s-:r3.~sc ~~ :i~~=• ' 



Figure L 

I.ow unit =scs 
for elec-cr!.c1~ 

6 

Low relative prices 
for eler.t: !.city 

I 
\ . 
·~ 

leads to 

~xtensive elec::icity 
consumpt!.cn 

At the start of elec-cri!!.cation, or i..~ the case of spa.~ely 

popul3.ted dist:icts it may be d!fficu.1 i: to achieve a distinctly 

cost-reduci.~g ef!ect i..~ ~~is cycle. It ~as be2n possi~le 

in Nor,.,ay in sp~te of t.'le quite often ver1 un!avour3.bla geo
graphic con~itions an~ settlement str~cture. 

T~e oraanization o! the elect=icitv succlv 

1 , 
-0· The elec<;:icity supply is in :..~e hands of i94 !ist=i-
bution ;.;ndertakings, sae Table 2, and 74 wholesale undertakings. 



~a.Cb 2. 

':!:le size and organization o! t!le elec<::.:ici~J su;iply per 
31.12.1978. ------------------------------

MUnicipally owned P:ivatalv owned 
electricity supply elect:iclty s~ppl7 
;mdur-..akings unde~aki=ic;s 

Size of elece:icity ' of tc.tal ' of total 
supply unde~ing, No. subscri.Cers No. su!::scribers 
by no. of subsc=i..!::lers 

:.fore t!lan 1.00 000 2 20 0 0 

10 000 - 100 1)00 J6 41 l c.s 
l 000 - 10 000 156 33 36 ~.o 

0 - l 000 23 l 30 0.3 

Sum 
. ..,_ 
J.4' 95 07 5.J 

17. Power station capacity is owned by t.~e Sta~e (28\l, 

~un~ci~al and county au~~or!ties (32\J and ?ri1at~ 
under-..a.k!ngs (21\l - ?rivate •..mde~aki~gs comp~ise :!.."\ t.~e 

:na:!..-i i.:ldust=ial companies produci."\q elec<::.::.city :or own use. 

The State owns and !Juil:!s e.~e g=eatar ?ar~ of :.:ie coun~=:--' s 
:iain translnission ..,ork - 300 ~v and ~20 ~v, and is =~sponsible 
for the exchange of ?OWer '"'ith ab:oad. ~out :1alf ~~e St.eta's 
?ewer produc~~on goes to power-intensive incust--y. 

18. Publi: interest - ~..:nicipality an: coi.:nty aut.~~rities, 
and cooperative unit~, dispose over almost e.~e entire c!istri
bution of 4:!lect:ic1 ty L"'l. Nor-.,ay. 

19. The wholesa.1.e supply u.nder-:akings and the distr1;:,utio:i. 
undertak:...-igs collaborate on matters o: ccmmon ?ro!essional 

1.-iterest through t..~eir association - t.~e ~sscciation of N~r

~egian ?lect:1ci~y Supply Cndertaki.-igs. 



20. The associaeior. •samkj~rugen .. - '=-~,. ?-::wer Pcol cf ~rcr-..ray 

ensures t!le cest ::ossL te jout operation of :he total system, 

and Cherefore t."te oest poss~l.e Utilization Of the :esources 

at t!'le disposal of the total e.xist.ing system, water i.'lflow, 

reservoirs, powttr statior. capacity, power exc!lange facU . .1.ties 

and :uar.!cecing CIOSS!.bili ties for occas!.onal power. Fir.:1 power 

is not sold t."l.rcugh •samrj~ringen• but by cont:act or aqree

ment bet"•een ·•holesale u:idertaki;tg and d.ist::!.!:lut.!.on •.u1der

~it.1.:ig. 

21. Thus t.i.e supply of elec•::ic!.ty is t!le responsibiliey 

of a large nw:lber o! i:1cependent ~its ·.ro:.!cinq i..-i colla.Qcration 

wit:.."t each otr.er acd with the au.t.'lcrities, - i.'l par:ic~la~ •it::l 

t!'le Yor..regia."l Water Resct;:::es an:! ::.!.ect:ici-:y 3oa:::! (~7=:l • 

~ - a unic-~e Ui~tit~tion 

22. T!'le Yo~..regian Water ~esour::es and Electricit7 aoa~d 

(~) is, .in pril~ciple, a peripher!ll aut."tori-:y #Or!<::i..-ig ac·· 

::orci.ing to i.~s-..:uct.icns based on an ~ct ?assed ~Y ~e Stor

':i.'lg (t..~e :ic.i::-..reqian ?arliamentl in 1360. ~ :.::; attac!'led 

to ':..'le ~'listr/ of ?etroleum and !ne.rcr/ and is crgani:ed 

into !our di:ac"!ora<;es. rn addition to pla.-ini.."lg, '.:Julding 

and operating ':..~e state.power plar.ts and :ransmission syste.~. 

possi~le u~ilization of the total resources ::o~ ':..'le ?Oi.."l~ 

of view of 30ciety as a ~hcle. Fu:tile.rmcre, ~~e ::itiz~~~ 

are ensured a satisfactory elec~ricity supply, and tha'! ':.~e 

elect:icity c.ui b~ used '"it..lotout danger to lite or 9ro1,erty. 

~his is based on a !air!.y comprehensive legisla.tio~ •.1.i.::!'l 

has been ~uil t ·.ip ov.er !!."le years - e.."le !i:s~ Act was ?a~.;~d 

already i~ 1896. !t is a!!actsd L~ practice by ~ ~ec!'l."lical 

sta:.: ta..1<1ng an acti•1e pa:<:, eog•ther .,.,i::.."l planners employed 

~y l!.~e elact:ici~'l SU??lY u.~ce:~3ki~gs, i~ ?re~ara~iq~s 



tion and t:ans."!U.ssicn ?lants are developed ;_;i such a ~ay 

t!iat t."le cocnt...-y's total system is as economic as ?Oss:J:>le 

anc involves a proper use of resources. ~ is also •.rorkL.-ig 

on ?lans for the orqanizaticn of the electricity supply .1.nto 

a smaller number of mere rational 1.mits, on the economy 
of the electricit/ supply, on questions of s~dar:iizati.on, 

on concessions and on safet7 matters relat.!..~g t:> the sup?lY 
and use o: elec~icicy. 

24. ~ also deals wi':h technical q-~estions cc~.nected ~i':..~ 

water power resources - i;lclu~g hydrological i.-ivestigations 
c: rivers and glaciers, and various ~ays o! preve.~t.:..-ig !loods 
~d mvement of ice L"l ri•rers. 

:low elect=ici t•r s..;::icl •r develcomen ": s -:.ar-:etl ; "l ~cr-..ra•r 

25. On t."le basis 'Jf ~he above sher: repor: of t;ie s~t~ of 
-:he ac~ual elec~icity system L"l Nor.r.y I shall now go right 

oack to ;:he sta=t and gL·e 3. SU.."'%1.:::r"J o! de•relo;:ments duri."l.g 

the aLn~st 100 year3 that ~av~ ;~sse~ s.:.."lce the :irst elec

t:ici ':::'/ supply ur.de~aki..-ig began to function. 

T~e s!.":::.iation in ~Ic::"'.rav at t~e -:u:n of t."le -=en':~=-: --------------------------------------------------
26. T~e ~ingdom of ~or.ray oecame united al:lou~ 900 ~-=· :r=m 
1380 to 1905, NorJay was ?eriodi:ally u.,ited #i~"l its :lei~h

bouri."lg cou..,~ies, S~ecen and :enma:k. ~O~#ay'3 ?resene 

const:.tution dates ~=om 131~. In 1305, t.~e last Cnicn -

wi:h Sweden - ~as dissolved. Consequently, at t.~e ~ame c:;ne 
as elactrification be~an, a st:ong national feel.i!lg ?revailed 

in ~or.ray, t.~ouGh the influence ::om and con:act wi~~ t.~e 

othe: Nordic cou.,t:ies and wi~~ the rest of !urope was strong. 

I:l many .,ays ehis was an acei•1e ?eriod, '.=oth i;ia~str:.al.:.y 

and cul:-..::al.l.y. 

:.i.aso-1937: Fi:s~ ?hase in t."le elactri=ic3t.!.on o: :.:le ::ou."'l.t:-n 
:creli;ni:la:ies. 
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al=eady L'l lSii. 3y 1885 t.'lere 4ere ~out 30 small ~ate: 

power ?lants in operation. I:i the =ollow::..•q years, before 

and after the t:.u:n of t.'le ce?ie:.iry, i.t ..,as ?ri:llarily 'die ?uli? 

and paper and t!le mi!linc; indust--y t!lat develo!Jed water ;:ewer 
for their own activities. MOst of th.e companies were ownec 

by !oreic;ners who brought with ~em ic .as, bow!.edqe and 
capital !rom t..'leir r~rent companies. 

28. T~e de~elopment of ~"er f~r cr:i.'la:-1 cons~ticn sta=tad 

about i:!le S..lllle t!;ne. In scme places t.."'1.is ·.o1a.s bas~d en ':!ler.ral 

power, but water :iower soon became e.'le dominati=.q, or tl::.e 
only source of elec~icity. 

29. In 1314 t.."'l.e:e •as an elect=icit7 supply '.lnde=~.ak::..•q 

i..~ a.!Jou~ 30~ of all :..~e towns, a..~d a :~c3l o: 130 s~c~ unCer-
takings in r-.iral districts. ay 1921, all t..'le ~wns =ecei,nd 

elactric".. ty and- t..'le ~umber of eiactrici ':y su;·ply "inder't.aki.•gs 

i.• n:ral ~stricts had i.'lcreased to about 340. ~~e lead ..,as 

?!:>cut 170 ..,att ?er inhabi=.ant i.n t."'l.e towns and about 100 
wat't ;ier i.."lhabitant i~ c.'le count...-yside. I:i !.936, t..~e :lumber 

of elect=ici~y supply !.!llderta.~i!lgs was a=out ~40, ~~d i3' 

of ':.~e ?Opula ticn ~ad elec~rici ~".:-. '!'~e load haC. i.n.c:-aased 

to almcs"C: -lOO ·.ratt 9er i..'lhal:litane. !...• ':."l.e towr.s and about 100 

io. Tradition~l L~~erests connected ..,it.'1 ~ater courses were 

timber floati!lg, c:ansport by ::ow-boa e, !ishi.n.q and ?:Oi.'.!ti ti •1e 

saw-!!U.lls and !lowe~ mills. 

31. Foreign interests ~de t~em.selves felt L~ i!ld~try, 
;ia:ti::ularly i:i the years just after t."le t-.in of the ::e!'l~".l:"f. 

This was obviously a result of the large ar.d favour3.ble scur::es 

o'! water ;:ower. '!'!'l.ere seen arose a !ear ':."lat C:e•1elo9mer.es 

#Ould be domi~ated and cont=ol:ed by fore~gn i!ldust:1al com
panies, and ~~is #as ?erhaps ~~e :nest L~po:tane s~Jec~ :or 

d1sc~ssion L~ e~e ?Ol~~i~al a:2na i~ ~~e years a=~e: the dis-

I 

J 
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!...'l ~or.,ay, the landowner. owns t..'le :-ights of Cis;iosal over t."le 
..,ater coi;rses. Thus water fall rights could be sold li;<e 
a.ny ot:her :,..-.,perty. Foreign companies wit.'l :!!uch capital 
acquired important rights over t."le water !alls. Considerable 

buying-u~ occurred. 

32. .Ul t.'lis led to a !ear cllat ..,ater t'CWer developments and 
tile establishment o.f indust--y '"'ould take ?lace outside ~e 
cont=ol of t.'le aut.'lori:j.es. ~or•eqian aut.:o:i~es ·.ranted 
to be a.Cle to exert a c;raater in!lue..'lce on developments. 
Therefore t."ley int:oduced '!!le Concession Ac~. T!lese were 
passed i.'l 1917, and gave t.'le aut."lor1t1es cont--el over t."le 
pu:chase o! •.rater!alls, t.'le requ.lation of water !lcw <md t."le 
~a:ketL~g of t.'le ?OWe~ ?roduced. ~urt."ler, t.'le ~ct :~eludes 
requlations stati:ig ':.'lat all water ;:ower ;:1..anuo s:-.all.. :-e•1er-: 
to t.'le State after 60 yeus, ..,it.'lout economc compensat;..on. 
!n t."le :nai..~, t."le Concession Acts were ::iade ~o apply to both 
foreign and comestic companies. 

33. !t ..,as not least i."'l.dustrial development, based on #ater 
;:ower, t."lat lee t~ t.'le elect:i=ication of Yor.,eqian society. 
T~e use of alect:icit-J :n indus~ial processes a..~d :~ :.~e 1..ccal 
L'ldlait:ial communi~ showed ~cw elect:icity could be ~ed 
by ?eople L~ general. Knowledge of ..,a.tar ?Ower technology 
3pread, and caught t.'le •~~erest of ?ecple in :leighbol.!.=L~q 
communities and i.~ ':."le mu."'l.ici;>al admi!!.istration. Orga."li
zations in ':.."le for:n o! coo9era~ive societies, ;:rivate com
?anies, and munic:pal ~~ county companies were created by 

1n tercir·_s ing !?ersons all over t:."le ::oun t=Y. T~e ~i..~ i."l teras t 
wa~ !.:1 the wie of elect:ici ty :or ligh ti:iq i."l t.'le :tome, !or 

handicraft fi::is and for small :~dustrial enter?rises. It 
was shown that ~otors could be c9erated ~uch more 9rof:t~ly 
by elect:i::ity t."lan by ene com.bust.ion enqi:ie. 

Water :ic•.,er 3cur:es ·..ri t~ ~r1oura.ble :iro~er-:!.9s 

I 
I 
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i.:lto a typical ~or-.reqian w-ater course L~ t..'le course ct a 

1eaz. P:-ecip.:.tation in t."le !or:::i. of :anow.qives lite!.e in!low 
1.:1 ;,,inter ~Dec:e:nber to March) • The thaw causes !loocis i: 
1prinq C~pr1l to Jt:ne). 

riqure 2. 

~on:.~s of t.~e.year. 

35. At ~e west coas~-t.~e rivers ?ltl;lqe s~eeply over !~lls 
and eh.rouqh qorqes, down !rom ':he !DCuntai~ ?lateaus at :he 
inne~~ist end of ti1e !jords which st:etc."l far i.~land. On 

the •!aster:i side of t."'l.e mcunta.L~s t."le :-!.•1ers !low :110:-e gentl'..' 
.:.neo dle sea. ?:-ac:~ically over t::."le entire cour.t--y i-: has 

been poss~le to !L~d WAter courses with s~itable in!low, 

a.nd ~al~s where conditions are !a~10ura.ble !o:- developments 
w1Ui a view to :neetinq the ~eed !or el~ct:icity L~ near=y 
populat~a ~~e~~ and rural districts. ~!~en <:.her~ has :een 
a choice bet·.reen a num.ber of •.rater power sou:ces. '!'his ·.ride
spread availa.Dility of water ?Over ;,ras pa.?>ticularly suitable 
for electrification o! our far !lung country, with its scat
tered population. 

35. :1g-..ire 3 shows three typical water cou:se prof:les in 

Norway. 

' 
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37. Naturally enough, t.~e demand fo:: e1.ectt:!.cit-/ a::ose =~st 
b t.'le ce..'lt.ral set-:.l,,eme.nts - t.'lat iJ to say i.:i towns, and 
::-.iral aqqlomerat.:.ons. But it :nust ~e pointed out that t.'le 
origbal settlement i:1 ~or.,ay, a:>art f!"O}ll t.'le ~ace cen-:res 
at t:he coast, was S?rea.d ove: t.~e :--..i:al cist=ic-:s. ~ntil 

the !111ddle of t.'l.is century, aqr:!.C".i.!.ture and !ishi.:ig ·.rere :."le 
:nest impor't:ant iDeans of l.ivlihood. So ?eople li•.red 3C3.ttered. 
~st of t.'lem owned ( a."1d. still own) t.'lei:: !ar.:i and -:.'lei:: scil. 
and act and live i.."1depe.'ldently. :::om an economic ;oL~t o! 
vei:"", elact:i!ica ti.on of t.'lese outlyi.:ig dist:~.c-:s ·.ras a iDOre 
di!!icult task cllan to elect:ify t.'le centres. 

38. Through t.'le Concession Acts, :.h~ au:.horities provideC. 
t.'le conditions necessary !or a contr~lled development o! 

water ?Ower, but t.'le State did not concern itsel! wit.'l the 
development of an elect:ic!c1 dis-eribution 3ystem. There 
were exaqqerated expec-:ations i.."1 con:.ection wit.'l t.'le '.!Se o! 
elec<:rici~ !or operation o! ':.'le railways, a.:id t.'la S:a~e 

oouqht ~P a ~umber o! !all ::iqhts !or t.'lis ?urpose. In addi
tion :..'le Seate grsduall7 ~uil: some larqer Mater ?Ower sta:ior.s 
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with ~:ansmissicn ?lanuo and sold ?OWer ~holesale to L"'ld~s

trial companies ar.d to distri!:lution supply under'tak.L"'lqs. 

33. Throughout the first 30 years, elec~ification o: che 
countrJ was characterized by a veey large n\:Jllber of small 
wa~er ~er stations which supplied t!le near~y local commu
nity. Table 3 snows the distri!:lution o! ?OWer stations ac
cor:iim;o to cue i.:l 1944. 

Table 3 

'irater Power Stations i!1 ~or.rav ac:~rdL"'la to Size. 1944 
-------------------------------------------------------
(Compare ':able ll 

Size ~r-he: !':Jt.!.l :<i!owae-= 
!Ulowatt capacity 

o- 100 ;..;6 3 3i lOO 
100- l 000 353 121 200 

l 000-10 000 146 4St 300 

> 10 000 45 l saa 300 

SOM > 100 546 2 Jot 200 

(!or unie3 etc. see ~ppendix 2) 

40. The advantages of joL"'lt 09eration of iJo~ated 9roduction 
ar.d supply sys~ems q:adually became a?parent. ~r~smission 

systems from ~~• larger water power stations were con."'lected 
to enable an exchange of power bet-..,een t.i.em. State-owned 
pl!nt~ !or.ned .iJlpor~t ccmponents of this system. 

~lect:i!ication of :""..!%'3.l districts laa~ed oehi~d 
41. In 1338, electricicy was availal:lle L"'l ':.~e home !o: soo~t 

iS~ ot t.i.e ~orweqian population - which at ~i.at ti.:X:e counted 

2. 3 !nil lion i."ll14bi tanu. 11-.e ap;i=oxi.:la<:aly 700 000 ...,h.o st.:.l~ 

!lad :'10 elec-:::.=i':"f l:.,1ed in 3?&rse.:.'..' :::opu.!.a-::ad a:eas, t~a-:: :.J 

• 



t.o say, i..-i t.'le valleys, up i..-i t:: t!:e mcur.tai."l.S, .snd on .1.sla.~ds 

along ~orAay's lonq and weat;.'lrr=eaten coast. It was :ela
tively .:ost1.y to build a supply system in these a:eas because 
of the scattered settlamrnt. :"urthermcre, as a r..i.le ?eople 
were not so well of.! in these districts, and ~is macie !or 
a poorer market. To extend the ~upplr systai to settlements 
on the isla..-ids r~ired ei ~er cable connection un.!c the 
sea, er a power e:irociucton ;>lant on ~e island i"::.sel!. :tn 
Jl.3.lly cases t.'lis would nave to be a ell.es el ?OWer s~ ti.on, anci 
i:!l.1.s is muc:h mere costly ':..~an wa eer power. 3ec!.c.se o ! ~e 
ece;nomically favouraele water ='°"er sources, pec:ple had !:Ja
come 11Sed. to ue !..d6a t.'lat elect:iciey should be ch.eap i.-i 
~orAay. 

~2. ~~e economy o! t!:J.e popula~ion L-i sp~:sely ?Cpula~eci ar~as 
:;irovided a poor !o\1%1ciation for buildi.-iq ~P an elec~icity 
supply t.'lere. ~.total electri!ication o! outlyi!lq distric<:s 
could not be car=ieci out on t.~e i;iiti~t.1.ve of ~~e local po
?ulation alone. ':h!s gradually attracted consideraDle concer:i. 
in political circles. 

1938-1961: The second ?hase o! electri!i.cation, assistance: 
;to outlyi.-iq areas. 

State subsidies !or de•relocment ~= elec~ici~·' suocl•r 

43. !t was t.'lus di!!!cult to ca:-:y oue electri!ication of 
r-~ral districts without 3upport from t.~e society as a whole. 
1938 tho Storti.-iq approved an ar:~qement whereby !inancial 
support was ?rovied !or the buildinq ot elec~icity dist:i
bution plan~ in sparsely populated areas. This support 
was given to the dist:~uticn companies !~r t:.~e implementation 
of speci!1c projec~. ~~at is to say, :i:.ainly t:sns:a.ission 
and dist:ibueion plants, but a!.so ;:iower sea:cior.s. T!lis ~~. 
be said to be ~'l• star~ o! ;:in£se no. 2 in the history o! 
elec~i!icaticn ~"l ~cr~ay. 

I 
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44. Ontil quite recen~ yea.rs, ~'le su~e obtained !unc!s fo: 

:his ar=anqe:nent of su!:lsicUes by =~:i."lg a levy on al: 
electricity consumpeion. ~ was given responsibility !or 
implemeneinq the arrangement, that is to say, fllr :ece!.v1.ng 
plans !o:: projecu, c:.ssessi:lg these, and makillc; a priority 
ran.ki:1q of :rojects suitable for subsidy, Fi:1anc1.il support 
is provided !:ly t:!le Mi:list..-y Otl the basis of :ecommend.at:.ons 
f:om NV!:. 

-IS. La.:qely ::>ecause o ! ~is arrmqeme.'l t o! suJ:s idies, ~~ r-.ray 

is ~day fully elect:i!!.ed, or in o~er 'llOr:!s, all ?er!.ons 
!.iving .i.:l ~ior-.ray have a proper supply of elec~icit"f. 

~6. A.bout 300 ?eople :1ve .:.:i such re:t0te ?laces -:.~~ i~ 

has ~ot bee.'l poss!!lle ~o connect c.'le~ ~o t.:ie ~or.:ial dis~i

bu~ion system. Thes* are given fi.!:ancial supper~ !or '=e 
purchase a.nd operation cf diesel agc;::-&ga<:es, such. c.'lat t.il•y 

pay aeout c.~e same !o: t:ie elec-c:ical enerqy '!!ley ?reduce 
t!lemselve~ as c."tey .,ould have had to pay !or elec"t:iciey 

f:om t:le elect:icit"/ supply under-...aki.:1~ i."l the locall~. 

47. Funds :Or su;:?ort .,e:e so:ial.l. ;.i rela~cn eo :.-~i=m;ien~. 
T!le !ollowinq quideli!les ;,rere prac~sed: .a.vailable %1ney 
;,ras rationed, so t..":at all ;,rere ;ive?l a cer-...&i."l supply o! 

?ower as soon as ?oss~le. It ~as L~osst.Ole eo place st:ict 
requ!.remants upon the quality of deliveries and ~'lis led to 
90or voltage conditions, large losses and o!~en in~errup~ion 
of current. Never~eless, this was pre!erred ra~er c.~an 

qivinq each plant a larger dimension ~1~'"1 an eye ~o t!le !uture, 
thereby c!elayi."lCJ elec-c:i!ication of oc.'ler areas. 

Oraanization of. dis~ribu~ion under~.ski~~s 

48. W1 ha•1e described earlier now ehe elec<::ici :7 supply 
undert·"kings developed as a result o! !.ocal 1:u.tiati•1e. 
~ acte:npt ~as made :o ac~~ct local !.nitia~i~e also ~hen 
buildi~g up the elec~!.city s~?ply i~ spa:.-se:y ?Opula~ed 
areas. aut hera -:..~e State, =eprssaneed ~y ~V::, ha~ ~o ~a:<e 

a :ncre active e!!crt to qet ~~e dist:!.bution :ompan~as -
take on t~e :ask. :'!.:~~ o! all., an a::er.•pt ·.,as ::iacie eo add 
to 9X~S~inq elact:.-!.cit7 supply uncie:takinqs such ':~at ~~ese, 
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t:!lrough sU:sidy arrangements, ·.re.re U.le to ex~end ~"le :ilst:i.

buti.on sys~em at !!!le li:Uts o! ~•ir supply area. llhere ~!.s 

was i:Dpossible, new undertakings wers ini~a~. 

'9. The dl.5tribution ccmpanies qi. .,en the respousi..!:1111 ty for 

supplying sparsely populated areas - as a c:ond.i.t!on !or beinq 

awarded su!:lsi.d.i.u - mai!ltai:led ca.ruin cin.imwll prices !or 

t!J.e elect=ic!.ey they sole!. ~· publicly elec:ted aoar~ o: 
t!ie d.i.s~!.!>ution companies -.,ranted to keep ;;>rices as .l.ow as i=QS

sible. T?-.e authorities are ap~ ~ consider elec~icity prices 

!rom a social stand;lcint. T!le cent:al author!.ties, by mec11ns 

of t!le taxes wic:h. are used as part o! ordi!lary· national ec:o

nomi.:: policy, are able to in!luenc:a c."l.e economy cf the elec

t::icity supply companies. E:ven. so, t.!le economic !ou.-idation 

!or a ~umber of t!le co~iss supply:!...~q elec~ici':"/ ':O spar

sely :;>opulated areas ~as not been too good. 

50. This keen enc;agemen t is 1..-i :ii.any ways bene!icia.l. ':!le 

local pupulation are able to !M.ke t!leir views and i;iter&s~ 

iclown through ~· public:ly elected 3oa::is and t."le munic!.?al 

.s..-id co'.lnty COWlc!..ls. ~!:tis has put ?Qli~ical press::re on 

t.!le central aut."lori ~1es ':O ::.:id sol~tion to t."le ;>rot:lam.s 

!acing t.'le dis~ric:.ts i.:1 connection ":i'!h t."le supply o! alee-

t:1c:!.:.y. 

51. ~lec"t.:ici~y prices "hie!\ ~ary from one supply u.~c!•r~aki.~q 

to anot!ler are a resul~ of 1:.."le ex~ent o! sel!-:nanaqement ;ire

vail!.nq in the Nor~egian elec~r1city su~ply systil!!l, but are 

also closely connected ~it.."l :he ext:emely var11nq nat~ral 

conc!i:ions under which. t.'1• va:::.ous supply •..m ... :s .,.,or!<. ~e·1e::

theless it is a.n Ulpor~ant polieical objec~ive t.~a: pri:es 

should be as equal as poss~l• i.~ t.~• d~!!eren: ar•as. ~~· 

elec~icity supply un~ertaj(inqs "it.~ th• best economy a::e 

of~en :~ose t."lat began ae ar.· ear!.y seaqe :o :!eve.Lop ~'":.e!.: 

:wn #&<:er ?Ower. T~is is ?A:~ly related <:o conc!!.:~or.s ~= 

~os:s :or ?Owe: ?rcc~ceicn. Ol~er #&ter ?Owe: s:a':~~ns, 

t.~a.e are ~o longe: :ur:!enec :y !.cans, procuc~ elec~:l:~':? 

.s-: a ·1er1 !.o"" -:ost (abo1,;: :-2 ~re/'.<WhJ ~l ::l!..1-::i.!:>';'!!.on u.~ce:
<:ak!.ngs ·..,n:.:h ::e-;:e1•1e oowe:: !!'om ~ewer plar.~3 ar• !l~::!ened 

:<) • " 2. ·:s .. • lire•·;, ... :er.. 

• 
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;.ri th !liqher -osts :or ~'lei: supply .,f ;>ewe:. T!lis is due 
~o infla~ion an~ to !ti.gher capital. cos~s. 

52. :'ur..her, t.'le fact that older dis-t:ibu~on undertak.!.ngs 
supply ;nor.e densely populated areas, gi.ves them " bei:ter 
economic fcundat1on. Characteristic figures are ~e number 

of subscribers per !ell distribtition l.i!le and t.'le sale of elec
trical energy per sub~cril:ler per year. 

~:eased load led ~., o~blems 

5 3 • It has bec:::ime appare.'l t t.'ia t t.'le economic capac.:!. ~y of 
dis~.::1.bution under..akings i!l sparsely pcpulated areas has 
been i:ls~!icie.'lt for t.'lem to consolidate their syste!!l u 
step with t.':e !.nc:ease in load. T!lis =esa.l ts 1:1 :ioor supply, 
~hich !ila.Y mean t.'lat the subscriber reduces ~is consumption -
!or example ~Y usuq ot.'ler !o::n.s of ener;y. "=!lis ~ ~~-:l 
aqain helps 1:0 distur!) t.'le economic basis !or t.'le dist:i!lu
tion undertaki!lq , compare fig-.i:e l . 

54. T?ie cent.:·al authorities' e!!orts to cou.,terac~ ~'lel'Se 
~roblems have been aimed at: 

a • .\."1 extension of t.'le above ~e.'ltioned s~sidy ar:ange
ments ~o i;lclude consolida.ticr.s to ~'le system - not 
mfl!rely construc~ion of ~'le or.:!.g!nal initial supply 
sys ta.."'·· 

o. ?rovidi.,g lcw-i.'lteresi: lo~s for consolidation of 

~e system t.'lrouqh t.'le Yor..,eqian ~unic.:!.::ial 34nk · -

which is a fL,ance institution fo~ded 4::ion Stai:e 
guz. ran ~ees • 

c. A rationalization of t.~e orqanization, and the com

bination of smaller uni~3 into larqer ones - L~ ?ar
~icular t.~e coordination of cc~panies responsible 
!er supplying power to sparsely ?opulated areas ~it.~ 
other supply~nq densely ?Opulated areas and cent=es. 
It has bee.~ shown that ~n orcer ~ achieve f!..~is, 

!ina.'"lcial 31.lppor-= has ':O 08 ?ro•1ided to St:er.gthen 

~~e ?OOr9:' Jys~em :e:o:e c~e comci~a~i=~ ~akes place. 
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~e need for coor1i~aticn of t.'le eJ.ect~icitv su~clv 

5 5. As e1.ect:ifica ti on of t."le coun t...-y proqressed t.1.e:e ·•as 
shown to be a need to a coordination of f~--=ier developments 

&.'ld a :a~onalization of the ~~1anization of tb.e elac"==ici<=/ 

supply. Tec!lnical plants ·•ere extended on the basis of plans 

prepared locally. T!lese gave lit~~ or no consideration at 

all to the advantages of jO:i..."lt operation wit."l the neighbou::!.llg 
system. As ~ate as in 1957, there w~e 27 larqer or smaller 
supply syste!US ·.rit!l no :i...'lterccnnecticns l:et".,een ~'lsi. ':!le 

neec. for coordination •as oDvious. 

1~1978: T!li~d ?ha.se of t."l.e cou.~::y' s elec-=:i=i::a~o~,: 
'.coor~.:i...•ation and •oi..~t cce:a~~on. ·-
56. ~it"E 'lias reo:;anize<i i.."1 .:.:16.J and ·.ras qiven t."le add:.t:.cnal 

responsibility of coc ... :!i.nat::..cc; t.":.e f-..ir't."ler development of 

t.'le alect:icity supp~7. ~ ?la.n.'li.."lq u.•it was estai:>listed wnich 

was to ?repa:e nation-vide ?lans fer t.~e system and ensure 

t.'la t each componer .. t - J.. e. ;?O'lier-?roducticn plan t3, trans
mission sy9~8!l's z.nd ~:.a lines bet~een systems :o :e ~ui:~ 

in addition ~o ~e existi.."lq system - was sui:abl7.~!.:::e~sio~2~ 

and operated in such a way as to be of best ?Oss~le benefit 
to t.'le system as a whole, ir:espec~ive of who owned 

;?Onen:. Thi~ introduced what :nay be looked upon as 

?hase in :.he history of elec-::i=ic~tion i.~ ~Or#ay. 

developed an exper:i3e •hich, .:...~ =o:laboraticn wii.:.'1. 

cor:r;..4llies, ensures :..'1.at t.~is objective is achieved. 

t."-e 
t:.e 

~ 

";.'1.e 

~ 

com-

t..'li:d 

::.as 

::ewer 

=en-
ticned ear~ier, :.'1.e .\ssociatior. o! ~orAeqian ~lec-:=icity 
Supply Ondertakinqs, and "Samkj~ringen" - :.'le ?o..,er Pool of 
~or.,ay - also work i.~ t."lis direc~ion. 

57. ':hrough ~iVE, at t.'1.e S cate l?owet' System, t.'1.e :naL"l t:~s
:iussion syst'!m for :he coune:y and connections •i~~ abroad 

are developeu ~"l accordance •1t.'1. e~e ~atior.-wide ::lar.s ?re-

?&red by :..'1.e a.bcve ~eneioned ?la.r.ning :mit. It is necessar-1 
to emphasize the impor~ance o! cl:se :ol:aoo=a:ion =•~Neer. 

:.."l.is ::!.ann.1.nq ·.:.~i: a.."ld ;ilan:lers !lr.plcyed ='! -:.."-e ;:owe: com
~an~es. At :..~e same ~~~e it ~ust ~e ensu:ed t~at ~;::·s ;:lar.
n.1.ng ·.in~t ~3 al30 able to ac: inde?encen:ly o: :he ;:ewe: 
compan.Les. 

' 
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58. In adcti~cn, ~l'll!: assists i..": e!!ort~ 'CO :i:ake the dis-;:i-

bution of electricity, anci the •.ri1olesale su~ply i~ t.~e ~s

tricts as rational as possible. 

The baais for coo~-iated olanninq 

5 9 • WE ' s act!. vi ties in this connection £rl! ~ased on a spe

cial Act - be so-called Electtici~ Ac:4= (!.a.test version 

of 1969) • Pursuant to t.'lis Act a licence _s =e<r~i:eci !or all 

electriciey ;ilants wic!l a voltage higher e!l3....'l lC~O ·ro.l~. 

In principle, the ~icensi.-ig Authorit7 dces ~cc gi7e a .license 

!er plants ':!lat a:e noe in accordance vit.'l t!le cocrc.inated 

plans. In ?:"actice, of c:our~e, only the most i.!D;:or-..ant com

ponen-=s of the system are assessed closely by ~'le cen-::al 

pla.-in.inq u:i.;. ~. Components !ar~e!:' Ol!t in ~':.e ci.is~:il::ut!.on 

system are ?l~ed by local :cdies ~c a:P. not co~sicered in 

detail by ~- All power 9roduction pla..ts, howev~r, a:e given 

special consideration, ~th f::im -=!le tec!'mical and t...'le ecor.om.ic 

standpoi.-it. Att:enticn is also give_'l co t.'le qu.!stion of ;.ino 

will be issued wit.'l a license ~ carry out t!le developmc'lt. 

S tanda:d.!. za '!.!en 

60. ::ac:h i.ncii7!.dual power s;.:pply •.:..,i: :tas !:lnn qi•re.'l a =ela

tively free hand in t!le choice of equipment ~or t.~e develc~

ment of t.'le supply system. ':h.!.s has led to ~'le use of ~Y 

di!!erent tJP•S of ~pmen~. .\~ a •1ery ear!.1 s":age, ::::o

blams LrO•• ~•cause some chose di:ect and oc.~e:s chose a:ter

nati."lq c-.irrmit in t!leir :espec~ive distri!:lution systl!!!\S. 

The greatest problems ~.~ve !::leen associated . .,1~~ c!loice of 

system volta.,e for low-volt:aqe and hiqh-•roltage dist:i..Oution. 

61. ~dditional cose. to t.~• compa."1ies when systf!!:!.S ~it.~ 

di!!erenc volta.qes were ~ ce combined resulted i~ ~e de-

mand !or a standardization of voltage lovel. ~owadays, 

22 l<'l is preferred !or hiqh-•ro.l. t3qe dist:i..Ou~icn - ?ar-:ic~

larl.y !.n =·.i:al dis~i-:-:s - 66 ~v and :i..32 :<'! ~== t."'1e :t!.g::

•101 :age teed.!.."lq systems. '17!1e ?rcclem !.s ':ha-; ::~a::g!~g 0•1er 

' 

I 
I. 



52. ~~e aut:.!lori~ies also i..'lt:cduce a cer~in standa=~i=at~cn 

!::ly Jlak!..:lq su:e t:.!lae :ior:ns anci standards are =omplied ·.r:..t.'i. 

in respect of the pla.nt3 !or ~hich a licence is applied :or. 

6 3. The No:::-«eqian net-..rcrk has a frll<iUency of 50 !lertz. 

It is operated in synchronism (tied toc;et!ierl wi':h t!le Swe

dish and Finnish net-.t10rks and ~it.~ parts of :he ~ish. 
The remaillcier o! !:len::iark (Jutianc!) 1.s operated :.n syncllrc.

!lism ~it!l che :nai.n E.nropean system. 

!nte._~ational cocceration conce!':li.'lq ncr.ns 3.nci st."lnearcis 

64. For ::iany yea:s, Nor«eqia.n specialists and exper~ !=om 

t!:e power ~upFlY and ele~t.rical indust=ies have t~ken a.n 

active par~ in t.'i.e ·"'°=k of t.'i.e Inter:iational Electrotec!l.'lica.l 
C~mnu.ssior., aiJ:led at a standa.rdi=ation of, and :io::::s :er sys

tems and e<i\lip'1lent. T!lis is expressed, for example, i!1 re
qul.remen~ !or t:le materiel !o:::n.i.'lq components of systems, 

value nor:ns, system voi~ages etc. 

63. Si..lli.larly, ~or.ray is represented i~ !SO (!nter::.ational 

Standardization Organization> . 

66. ~he standards and ~o::ns issued !::ly such or;anizaticns 
arft accepted as ~or.reqian r.or:ns and sta..'ldards - nearly al~ays 

~it.'i.out alter~tions of any ki.'ld. This q~7es t..'i.e atlvar.taqe 

o: being able to purchase ::naeari~l on t.'i.e L~ter:iational :nar
ket at c.he lC'«~st ;irice and be sur9 t.~at i': can be replaced 

!::ly ot.~er equi~ment. 

gaality rea-~irements !or elec~=ical consu::ier ecuicment 

67. Elect:ical equi~mene for use in ~or.ray is subject to 

cont:ol :..., accordance ~it.~ special l.eqislaticn. This ccn

t:o~ i3 ':.~e responsibility o! The ~or.reqian 3oard :or Tes
c.ing and Approval of Electrical ~q-~ip~.ent(~!-!KO ~ ~orges 

Elektris~a !-!a.teriell~ontrolll . 

'53. ::l.ec-:::.ca!. i.:is~:.lac.:.ons at c..he e:.ectr:.c .1·.:;:;ily ·..:.."":f.er

takings are control:ed by ~v::, Jirectorac.e o: ~lec-::ici':7. 

:'!tis eask i.s carried out !.n accordance ·.ri t.."; special l.agis
la tion. ~~ has deleqateC. ccr.-:ro:. o: 1istribu~i.on .;;:·stem 

' 
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69. There are very .,ew acc:iden ts i=l ~or•ay resul ti..:lg from 

t.'le u.se cf electrical equl.pment:, but electricity :n.:iy be cause 

of fire i.n buildings- 'l.:his is prob~ly !Jecause it is ver1 

usual to ;Juild houses of 'llOCd in Nc::-•ay, .uid t.'lat, because 

o:: t.'le cL.;;iate, most bu.ildings ha\·e a.n elec-e:::.c sour::e of 

hea~i;iq. 

70. The rl.::t :elatinq to the Insf)ect.ion of E:lec~ical !."ls~al .. 

lat.ions ~l:>o lays down :il!nimum r9qUiremeni:s ?:'egard:!.nq t.":e 
ccmpete.~ce of persons who work ~it.'l, and are res?ons~le 
!or t.'le erection a..."ld ::pera~ion of ele~t=~cal ;_,_stallations. 

71. St=i.ct cont..-ol t.'la:c t.'lese quality requir!!I!lents a.re c:::m

plied ~ith ser-r~~ to protect bot!: li!e and pr~per'ty. 

~or.,eqian Indusi::y as supplier for develo;:meni: of electricity 
su?Jclv. 

72. ~Or#egian elec-t=oi:echnical i."ldUStr"f has ce•:elo~ed in 
s~ep a.~d tcg~ther wit.": t.'le electri!icaeion of ~~e coun~="J. 
Components have been ::ianufacturec i."l par~ in factories owned 
by foreign industrial concerns, L• part en ~~e basis of 
licences purchased by ~Ot'",,e·7i.:m fi:.s. Graci:.!a.11.y, ':.":e sit".!
ation has become t:..'lat ~orwe;ian fir.:is hav~ ~omi."lated :..~e 

manufacture of electrical mat~riel. 

73. ~oday, the ~orwegian electr~technical industry is cap
able of delivering all th~ materiel necessar-1 fer the furt.'ler 
de·'1elo9ment and :-ene•1al cf t.'le electri:::!. e: ~t:pply net-..,1'?:'.k. 
A ceri:ain amount of equipment is imported as· a result of :=e9 
competition, ~ut in ?:'etu.rn, ~or-.,eqian elect=otechnica.:. in
dust:..-y expo:-t3 ;na<:eriel !or ?Ower develcpmen-: ove:- la::ge 

par~s o! -=~e ~o?:'ld. 

7 ~. T~ere :ias =een close col.:.ab.:1 ~-:ion c•1e:: -:::e yea:3 oe-:·,.1een 

~o:--~eg:an elece=o-:ec~n:!.::al ~nter:Jr:!.ses and si~i.:.a: fi~s 

abr~ad. ~~i3 ~as been of ~conomic =enefit and has S':i.~ulate~ 

' 
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75. ~ar•ay has a liberal syste~ of t.:ade allowing, amongst 
other t..'l.i.."!gs, foreign fir.ns to c:::im;~te on t."!.e ~rcr•eqian 

ma:ket.. This has caused :ircblems, in pa.rt:i.cular for t..'i.e 

puraly ~or ... egi-1-n rir:ns, ~hich operate on a :aarket t."1at is 

relat.i7ely small L"l com.pa=ison with that o! the lari;er 

!~reiqn concer:is. 

7Sa. Nor.,eqian cont--actcrs, together ~it!l '=he ~=:-State ~ower 
System perfor.n t.'i.e cons"t.-uc-:.ion work ~f-?cwer s~ticns and 
au.:.;i r:ower li.'les. T!le elec-erici t:y supply unde~akL"!gs ~uilc 
;;ruch of the cilst:frution syst9Dl under own :nanagement. Nor
wegian consultL'lq engineers ars eJCt'•:-":s i.."l t."!.e !ield of ·•ater 
power and elec~icity supply developnie."lt. 

i6. As mentior.ed at.ove, t..~ere -;.ras e.~~ensive !orei~ ~=l~ence 

d':l:i!lq the first- :>"lase of the hist~ry of elect."::.::.cation i=i 

~or.,ay. :"h01t ~~or..reqian ;ieople hav~; shown such a. ~een loca.1. 
interest i..'l elect:ification is probably a resul~ of'"1ocal 

~emocr~cy, the "hel? towarcis sel!-~el?" a.ttitu~ of t.."'l.e 
ce."l t=3l aut."'l.cri ~ies, and t.":.a t ele::t.:i!ica tion could =:eg~"l 
·wi<:.'l the utili:ation cf ·.vater ::;ower s("1·::::es ;.,nich -... ere a·.rai.:.

a.b.i.e c·1er-r•nere. Gaogr3phically, e."le ==..-:::'\oloc;.;.::al .:iilieu 

~as '"'ide:Spread. 

ii. Tech.~ical education Oeqan i~ c~n.~ec~on ~i~~ ~in~ng 

09eration~ in t.."le last centur:. ~~e ~or-..regian !nsti~~te 

of Technoloqy was founded in 1910. Mining, indu~~rialization 

and elect:i!ication of t.~e country lad many yoi.;r.g ~eople 
in 3~al.l towns and ~.L:al dist=icts ~o seek a :echnica.l edu
cation. 

78. ~ot least ~he develcp~ent o: an elec~:ic~=y SU??lY -
!.r.d ?erha~s t~e development cf ~ater ?Cwer in ?a:~ic~laz, 
;.rhic~ -..ras ~ou."ld to take ·lace out in c..~~ ~ist=ic~s - c=eated 

an !.nteres~ !or :~c!':.n.:.cal 3\lbjec':.3. S;:ecia.li~t3 :.::. :=:.i3 :.:.e:d 

·.ve:e :-• .:.-:~.:..·1 =es;:ec-:.ed. This :i.a3 ·,..::.=::.out :!cub:: :r.ace a ccns::.-

' 
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Enerc:v and Societ., 

79. Much attention has !::een drawn i:i recent years to the 

possible limitations in the fut~e qlcbal supply of enerq".f. 

The i::lportance ~f elect=ic1ty !or t.'le proc;rass of a socidty 

has become mre evident. The long ti.me it taKt!S to :nz.Jce 

preparations for an increased supply of energy has :neant 

that the a.teention to the general develo;mient of. society 

has, <:o a- la:qe extent, !::een connected to t.'le discussion 

concer:U .• "lq e.'lerqy resources an~: energy supp+ies. <:uest:!.ons 

relai.:i . .:iq to ~cc-:ial st..-uctur: and t.~e !lati.;ra..!. e."l•.ri::J:•.!nent 

c~ U:lportant to-i;:ics 1.:1 ~'tis respec~. .~o~er vital ::atter 

is ·:!le r~liabili-=y of ":he e.'lergy suppl~·· 

jFo~'l ohase i."1 <:..'le electri=icaticn, ~'":.e :..."lterac~i~n =e~JeE~ 
,electricitv a.."lc ot.'ler :or::is ~f ~ne:::v. 

80. !n Nor.ray, t.'1.ere has been a. demand t.":a"t:. ~ergy supply 

and e11ergy constllllption should l:e considered .:..."1 a w:.der ?O-
lt. tical relationship._ T~is Leans t."la"t:. t.'":.e <:otal-ener;y as;iect 

has tecome ~ cen tra.!. eleme.'1 t i."1 t..."le pla.nn ~·'i of alect::!.ci ey 

supply uid ot.'"ler !o=s of ener'JY ali.:<e. ana ;w;1en providing for 
a ra~iona.:. t:.Se of energ-1'. 

~as found signi!icar.t ~cs~il ener;-y resour=~~ wi:~i.; i':s 
tarr~tcries. All t.:1is L"l~rcduces e.'le fou~t.~ ?hase of -=-~e 

count:y's elec-:=ification: !o ?lan ~'1~ elactrici~y s~pply 

system as par<: o= ~~e cour.~ry•s total ener;y sys~am.aciapted 

t~ ?Olitical =equi:ements concerning social s~=-~c:ure and 
t..'le natural environm.en t. 

81. In ~or-~ay at ~'le present time, certz.in i~stitutions 
are being reorganized, ot!lers are being esuiblished, to take 
care of t..'lese ass.igrunents. 1'!1e tasks o= the electricity 

supply u."der~akL"lgs will be eY.tended. A ~i~istry of ~nviron
ment and a ~"listry of ::i9troleum and Energy have :een -:reated. 

~VE expects to be gi•1en =iore e.'<ter.s!.ve re~ponsibilitias a."ld 

rasearch en ~r.er~J #il: be :eorga.~zed and =onsc:~dated. 

-
' 
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a2. What features in t!le ttistory o! elec~i!ication of ~or.ray 
is there reason to emphasize in connection wit:!l experiences 
w.idl may be transferred to cot.mt.:ies or areas ·.rnich are not 
a~ yet elactri!ied or fully elect:i!ied? At any rate, these 
areas need net use a •.rhole centu...""Y for cievelopments - they 
can bui.l>i ui:on all available ~erience and lcnowladqe. Seen 

in =et.:ospect certai.."'l Uii::gs ahou.ld ?rcba.Dly have l:leen done 
other.rise i."'l Nor•ay. 

83. I shall list some of ~e ?OL"'lts •.r.tich, in :ny opi."'lion, 
are va.1.:iable for developL'lq cou."'lcies i:l t.'lei: s-=--...:qqle ~o 

pave t.'le ~ay ?roperly !or ~'le develcpme.~t o! e.1.ec~:ici~: 

a. .;\ll :oca: co1m1l:!lities ~ar.~ elec~icity. ~hen a ~cca~ 

community !.s supplied wit.'1. electricity, ways of life 
are altered and t=.e economic li:e c~anges i.~ cha:ac~er. 

It is the:e!ore i.l:por~ant to :ie!i.."'le fae ai!ns !or i:.'1.e 
st:~ctu:e of society before shapL'lg a ?Olicy :or elec
t::t.!ication. Elec-t:1:::.cat!.on of ~al d!.s-t:ic~ ma.!<es 
a s-t:ong cont:i;uticn towa:ds 9rese::"'1ing ':..~e t:a~t!.cnal 

;atter.l of settlement L"'ld ~11: c:aate activities t.'1.ere. 
I! only t.'le cent:es are elect:i!ied, u.r~anizaticn ~ill 
i.~crease, and t.'lis :nay lead to 9roblems. 

Assuming t!.at it is desjr~le to ?reserve ':..~e scatte~ed 

?atter:i of settlament,one ano~ld: 

b. ~at ~'le local ?Opulaticn itself becctte involved in ':he 

plan~ for electrification and the implem•ntation of 

t~ese plans. The central aut.~orities ~ust give assistance 
in various ways - th:ouqh adv~ce, ?lanni.'lq, coc=:ii.~ation 

a.~d financing. ~he ;nanagement should be decent:ali:~d 

as ~uc~ as possible. 

c. Znsure i:.~at :ocal development eaj(e ?lace as 9a:': of a 
~at~on-~~de ?lan ~hie~ ~ill ?rovide !o: a !ut~re, in~er-

cor.nected r a t~onal s·.rs -:.a.-::. 

:nay ::e: 

-~ =t>r..:=~ coo:-d!..:la ':i:lg ::cc: ·,..hie:: ':3..l:es ;:a:-: :.:: 
1.cca.:. ~.!.ann~-ic;. 

:eai3la~ion ~hie~ e~su:es ':~e ~ecessar-: =er.-:.:3.i 
contr~l. . 



E'i."'l.a."lcinc; ar=uqemen ts ·..rh.!.ch ?rovide local elect:ici t:r 
supply und~ttak.!.."lqs - •.ri ':h :io fi.."la..."lc.ial backi.."lg- •.ri t~ 
the possibility to !i:lance the construction o: ini~al 
systems. 

e. Make full use of the recommeneations, nonzs and s~dards 

al:ea.dy wor!<ed out by inte::iat.!.onal sea:da:ciization 
organizations. 

e. Requi:e by law that the :>ersons =espons!!:lle !or t!te dail7 
operation of a supply ~ystem a:e ?r=~~rly qo.ial.!.f.!.ed. 
~!li.s involve :>:ovid.i!lq facil.!.t.ies !or ::::'3.L"'l..!...'lg of :>e:son:ei. 
in t!le count-;r in question. A :ieli!Jerate e:f!c~ should 
be :nade to educ1te 9erscns !:::om the local comnn:n.!.e.ias 
and encourage t."lem to beccme L"lterested in ~~.e elac~i

!.!.cation proq:amme. 

T=Y e:> :u:..:d ~p domestic i:ldust::y :or e.~e ~.a::.~f ac~u:a 

or preparation of equipment necessar1 !o: elect:i!icat.ior.. 

q. Tr/ to build up a technological :i.i!ieu ~Y est1blish.i.."lg 
an engineers' association, and el=c~~tech."lical :>r~

fess~onal associations i.'l addition to an association 
of t.~e elec~icity sup~ly •Jr.de~..ak.i..."lgs ~hich a:e st.a.:teci 
up. 

34. An attempt ~hould be ;;ia~ to base elec~i!icaticn ~pon 

domestic :esources - ~here available. Water ?ewer sou:cas 
a:a of partic-~la~ i.'lte=est ~ecause t~ey ara :ene~able. 

a. ::•1en though one $hOuld '=--Y to ci.e•>elcp t.he la:;es: sou:ces 
possible, caution should be sho•..rn in sta:t~"lg on La:;e 
?rojec~ which will ta.ke a lonq time to snow any ?rofit. 
The development ~! small '-'Jlter ?Ower sou:ces .,...l.ll pro
bably b9 t."le best solution at :Ul early staqe ot elec

tri!ica:ion. OeveL09ments t:i ~or,.,ay, ==~m t:'1e t:iar.y 

smal:, ~~~~uqh i:he yradually lA:qe:, to :~e lv.-;e ~ro

jects - ::i.iy be u. .. .<amp:e of a good ar=angemenc, -... r-.~u.~ 
suitaDle resources are a•1ailabl~. 

b. Oiesel ?Ower 3tations a:e o:ten su~ta~ld :o= ~~e i~~:ial 
elec::i!ication ~f local a:eas. Diesel sea:ions ~nc 

waee: ?Cwe: sca~ions can Lace: 3~??~e~ene eac~ c~~e: 
in the sa.'Tle sys ;ar::. :oihac ::.as :;een ~ai=. !..Cc•:a a.co·.;: 

Local engage~ent, 09erac~on ~nd ~=aini~;. a??l~ee :~sc 

.. 
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~s ~uch to systems based on diesel power. 

c. La:qe ·.rater po..,er sources car. often be c!e•reloped in 

stages, l:>ut some can only be de,·eloped as giant pro
je<:ts, seen. in relation to non-L~c!ust:ial consumption. 
In this case t.'le solution :nay be the es'Cablishment 
of industry, but the crdi.nary consumer sector should 
!:le supplied first, and he:-e the plans should !:le •1er-1 

lo~c;-ter.:i - 30-50 years. 

d. ~lec-t:ici~ ?:'ices should sti:t\llate consu:nption: ~~at 

is to say, ::hey should !:e lcw L"l relation ~ t.1.e cos'.:5 -

at ldast at t!le start. !t is necessar/ UJ subsidise t.'le 
su~ply under~inc;s until sales a:e larqe er.ouc;h !or 
~em to '!Jee the econcmic ::::u::en alone. 

a. !t is i.;npo~ant to registe: ?Cte.~tial #Ater ?C-er. 
This :iust be dcne by competent persons. 

Eyd:oloqica-l stu~es should ~ave :een ?•r!o:::ied !or 
:nany year3 ·• !::efore plans are ::iade, and i ': i.s decided 
to l:>uild 3 power sta.t.1.on. T~e aut."lor!.ties ::n:st t.'lere!ore 
:na.tce .sure- of <:."le necessary competsr.ce, a.~d ~a.rr;r out 
sys~e:natic ~ydrological L"lvestigations ar.d reg!.3tra<:ions 

i~ t."le water cou:sas - even ~'lough it does not see!D 
~~at <:."le:-e will !:le L~y development of water :icwer i~ 
t.'le i:mnediate f~tu:e. tt C1n ce economical:y hazardo~s 
to develop #ater ?Ower on t.'le basis of ~e~gre hyc!rological 
daea. 

g. ~ulti-9urpose ut.ilization of a •.rater 3ou::e si':.ould be 
stud~ed !:le!ore a decision is :nade to develop it3 #&eer 
power. 

85. The i:D;>lemeneation of a national elece:!.!icat!.on :;::.cg!'amme 
#ili depend ~pon t.~e expertise #h~:h, at cen~ral :aval, is 
able to !ollow up a.nd ensure :..~at it i3 e!!ected. ~~e ~ese 

guarantee !or t."l.e implementation o! such a ~rogramme is t."l.e 
creation c! a :.1~1ted l:>ureaucrac7, #1th highl7 com~etant ang1-

nae:s and econor:i:!.sts ~a·;::.~c; " st:O::l<; desi:e to :i.el;i :.."l.e :.:ca.:. 
;:opu:.a~icn :.:i -:~el.: st:·.lc;;:.e ::o :!S~a::.i3h, ex-:enc and ope:a::e 

t~eir o•.rr. ~lectric.1.<:7 3~p9i7. 



86. central elec-t:icity orga!lizations ~! ~"l.is type car. ·.ri~ 
ad7a:ltaqe seek i..~te::iational collal:ora~on ~it."l. si.;!ti.la: orqa
nizat!ons in othe~ countries wit."l. which t.'1.e Gover:uuent con

siders it a benefit to be connected. 

87. Guidance in the rational and safe ase of ele~t:icity and 

the 1.mpOrt of, or development of domestic "llallu!acture of 
electrical consUl:ler equi;me:it should be !ollowed ~9 by t!le 
central au:.'lor!.ties just as in ':he case of ~;men~ !or t.'le 

development of ~e supply systems. 
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ENERGY SVi'l?LY ~~C C:NStn!PTION nJ l9i8 

~~ergy consumption 

Tot.al quantity deliver•d ea consumer 563.3 ?J 100, 
Electricity 67.l '!'ffh 
Pet..-oleum produc:t.s 6.5 M.tcns 
Others, coal, coke, firewcod etc. 

tnerqy consumption per c:api2 ?er annum: 
Electric:i~: 16 800 ldfh, Total 141 GJ 

Total enerqy utilized by consume: 
::lect:ic:i~v 
Petroleum products and ot!lers 

241.5 ?J 
276.l PJ 
45.7 PJ 

""'". 0 ?J' 2U . .i .?J 
202.6 P.J 

c:insumption o! electricity, l:ly consumer c:ateqc:y: 

!louse.holds , a.qriC1!.l ture 
l?ulp & paper, :nUing and i=<!u.s~:y 
excl. ~er-Uieansi7e 
.?::-iv-:tee 1 ?c!)l.!.c: serr. l ~-=~s;ior- e~c. 
Power-intensive i.;idust:y 
Oc:c:a.sionol ;iower ~ electric: boile:s 
( t=.:..s yea:'f" 

Total ~•~ consumption 

19.a 

. . -
·~·' ~ , ' .. 
26.5 

2.5 
67.3 

T".ih 29\ 

... ', 
:L.lt .. 3H 

H 

~ih 100'1 

Of t!le total net me=gy consumption, ·about 22\ gees :o s-;iace 
hea~g, of #hich 60\ .!.s cove:ed by electr.!.c:.!.t7. 

To~3l out:low <crod~ct.!.onl cf ene::-1 raw ::iaee:.!.al3 ~978: 

Water !all ene:;y 
(approx. mean hyd:clogical conditionsi 11 35.3 '!'Wh 343 

'ifood and ;ieat 6 0 0 ::'1. ::l 5 
~-... 

Coal. 
C:-.Jc!e oil 
~atural gas 

O . .n M. tens .. :.3 .. 
727 " 
569 .. 

Sum a:crox. l iOO ?.J 

Total dcl" ... : :ic consumption o-.: ene:gy raw :nate:ials :!or energy 
p~se ~-. acout 670 .?J. 

J • joule (inte:-national s~anda:d u.~it !o: energy! 
l kWh equal3 3 600 000 joule 
P::-e!ix k seands !or kilo, i.e. l 000 

" M " " :nega, i.e. l 1JCO 000 
G " ~ q!.ga, Le. l JOO 000 000 
T " " eera, i.e. l OJO 000 OOC 000 
? ?!ta, ~.e. l COO JOO OOC 000 000 

: G.: (qiqa~oule) • lJ':c~:e 

l ~: '~eta·oulel • : 15 •oul• 
- • J ~ -

l :"'Nh ::e:a~a::~ou:l • :~' <i:c~at:~c~:3 (~~hl 

:1 S:ai:~s enerqy o~ ':~e ·..tate:, i.e. elect:!.:: e!'lerq-f :ieU.·1ere-:! 
!:om :~r~o-qenara:cr divided ~y a.as. 

• 

' 

• 

• 



I 

- 3: -

Some '.lSeful adci:esses: 

T~• :bJyal ~•isC-""Y o! coreign ~!ai:s 
Post aox al48, C.p. Oslo l 

':he Royal Nor.rec;ian Mi:l!.st:y of Petrolei= and ~erqy 
Post !ox 8148 Oep. Oslo l 

'!'?ta Royal NOr-.reqian ~utry of !ndustry and Eandi.crs!ts 
?ost Sox 8014, Dep. Cslo l 

The :llo:-.rec;ian ~qency !or I:lteoat!.onal Ce•1elopment 
:o~t 3ox 3142, Oep. Cslc l 

Th• :llor.reqian Water Rasou.r::es and !!.ec~i~i "::'/ aca:d 
Post Sox 5091, Cslo 3 

•sam.1tj~rinqen • - T!le P~ er :ool o! Yor.t1a.y 
:ost 3ox 5093, Oslo 3 

The Association of ~o:-.t1egiar. !l~c~ici~i Supply ~~de:":3...<i.•gs 
?ost 3ox 277, Oslo 3 

Tha ~cr.reqian Institute of Technoloqy, t:r.!.v. of T:::onc.heim 
7034 - T~ndhei:a-- ~ 

The Yor.reqi.m Resear:::t :nsti:ute -=if !lect=!city Su?ply r:::;I) 
Sem S~landsvei 11 
703~ T:ondhei:t - ~ 

~· Con!scerat!.on of Yor-.reqian !:ldust=ies 
?ost 3ox 2435, Sol!.i, os:o 2 

T?le ~o:-.reqia.'1 Sociat"/ of C.'lar;ered ~q!."":.eers 
?ronprinsens~. li, Oslo 2. 

~dditional copies o! t.'lis repor: may ~· obtai:led !:om -:.'le 
aut."1.or. 

000 coc rJCO 

- - - - -
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