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CHAPTER T

CHARACTERISTICS OF ELECTRIC POWER PRODUCTION IN EUROPEAN COUNTEIES

(aj Geograghical distribution of natural energy sources in Europe

.. Natural sources of energy in Europe are geographically divided into three
groupss . '

- ..~ a ndrthern region éomprising, from west to sast, Ireland, Northern. =~

Scotland, Norﬁay, SWeden and Worthern Finlend.
- a southern reglon comprlslng the Iberian peninsuls, socuthern and
e south—western France, Sw1tzer1and, Austria, Italy and western Yugoslavia,.
= & central region between the other two reglons.

The resources oflthe first two regions are mainly hydraulics Coal is found
pnlylin a few_scatﬁéred deposits such as thosein Spitzbergen ‘and southern Sweden
inztbé northern fégion, and in Spain in the southern region.” The southern region
alscjﬁag deposité bf lignite in‘YﬁéOSIavia, and of'gas and ‘petroleun in France,
Ttaly and Yugdslavia, and gédfherm&l énéfgy sources in Ttaly. In the northern
region there are large depoéits of peét, mainly in southern Sweden and Finland,
but these are llttle exploited. ' -

. The resources of the central reglon consist almost entirely of solid fuelsy
the coal flelds of Great Brltaln, Belglum, the Netherlands, Silesia, the Ruhr
and nor‘thern France may be mentloned in partlcular, There are 4lso extensive
lignite dep051ts, mainly in Germany, Poland, Czechoslovakla, ‘hustria-and Hungary.
The hydro-electric potential of the central region is low except in eastern
Yugoslavia and Romania, which also has large depogits of petroleur and natural
gas. ‘

An inventory of energy resources available in European countries is given in
Table 1, while Table 21 gives additional information cn these rescurces per
capita. This information shows the basis of the power economy of the countries
conegrnad. | :

(b) Relationship between hydro-elegiric and thermal power‘production in Furope

It must be pointed oﬁt, first of all, that Burope's electric power requirements
are met exclusively by the production of hydro-electric and thermel plants. In
1959 the production of nuclear power plants still represented only 0.15% of these
requlrements%l ‘Among the sources of energy which may be regarded as new, wind
power is used only for 1solated installations, and the use of geothermal energy is

confined to certain countrlos, guch as Italy and Icelana.

1/ Excluding the USSR. ' /Table 3
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Table 3 shows the present distribution of installed capacity and of electric
power productlon as between thermel and hydro plants. It will be ncted that in
NorWay end Swltzerland, for example, productlon is -almest. entlrely'hydraul;c.
The proportion of bydro power is also very hlgh in Austrla, Ireland, Italy,
Portugel and Sweden, whereas thermal power predomlnates in Hungary, the Nethsr
lands, Poland and the United Klngdom, In France snd Czechoslovakia producticn
is divided about equally between hydro and thermal plants.

Hydrorplants in Eﬁrope may be divided into three groups:

- plants in hlgh mountaing, uslng a relatlvely hlgh head of water and

equlpped with large reserVOlrs, ' '

- runuof«stream plants us1ng -low héad, without reservoirs;

~ plants using a medium head with reservoirs of relatively low capacity.

In. each of the countrles in vhich hydrc power productlon ‘predominates, -
such as Norway, Swltzerland, Austrla, Ttaly, Portugal and Sweden, there are
plants‘of_these three kinds. Tt is the dlfferences in their- operatlnc ‘
conditions which have:loﬁg made it necessary to interconnect them.

In 1959, 60% of the fuel burnt by European thermal plants was coall.
Additional information on this subject is given in Table 4 which alsc shouws
the part played in the different countries by other sources of SNOTEYs Viz.s

llgnlte, petroleun products, natural gas, manufactured gas and peat,-

" /CHAPTER II
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CHAPTER II : DEVELOPMENT OF JNTERCONNEXION IN EURCPEAN COUNTRIES

(a) Development of the organizaticon of eleciric power gervices_in Burope

In mest European coﬁntriés, the initiative in the explojtation of electric
power was provided by private enterprise. _

In some cases industrial undertakings built electric power plants for their
own needs and sold part of the electricity produced, mainly for lighting purbbﬁgs,
“in:the vicinity. ‘ A ' - . -

In other cases, the 1n1t1at1ve was taken by private undertekings, whose
purpoge was to exploit an electric power plant., As the:congtruction of _
distribution ratworks to bring the clectricity to the consumers required the
autherization of municipalities, tbey were often-obliged to provide this service
themgelves. This led to the establlshment of municipal electric power under-
takings, operating dlstrlbutlon networks supplled with power either by prlvate
enterprise or by their own plants° These distribution networks develppsd rap;dly
in urban centres, but in most European cbuntfies'electricity was not introdﬁ%éd in
rural districts until much later., It was at this sédond stage that in order to
supply electricity to a number of local networks, regional distribution systemé
supplied by more powerful plants were constructed. Then the local or regional
authorities of some. countlles began to take @h intérest in the development of
electrification and in some cases set up their own slectric power undertakings.
Still. ater, in a number of Eurcpean countrles, the State itself undertook the
supply of electric.pover, the method of operatlon of this natiocnalized service |
varying from country to country. '

“{b) Objsctives of the interconnexion of‘éiéctric power plants

‘-:Initially, the main purpose of intercomnecting lines and of sub-staticns o
+linking twe adjacent networks,was_to provide for mutuzl assistance in case of
emergency or compensating.supﬁliéézbf power during periods of water shortage,

The interconnexion lines used wére‘of relatively low capacity and operation
in parallel was rare; the arrangement consisted mainly of separating part of one
network and connecting it to another or connecting separate groups to a network
with -insufficient power.

/This method
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This methcd had the disadvantage of causing interruptions in the supply,
however, to overcome which, groups of two.cor more networks gradually came to be
operated in parzllel on a pormanent basis. This mede of operstion, which became. .
possible after certain procedures were agreed on for regulating the freguency and%‘
capacity of exchanges, greatly increased the reliability of thé'supplj, g§o that
the reserve capacity of ths interconnected systems could be reduced.

At the present time, as a result of the operation of large systems in parallel,
intercpnnexionapfovides an effective means pfé '

- providing an uninterrupited sﬁpﬁly even in the event of failure of

certain lines or of a breakdown of generator setss
- reducing the installed capacity of the plants required to mest

. consumers' needs, with a conseguent séving in investment;
- COncentfating capacity in larger plants, equipped with a relatively

smaller number of large generator sets; o

- co-ordinating the operation of.all plants feeding the interconnected

aetwork, i.e. reducing logt water inlhydro plants and fuel costs in

thermal plants, .' ‘

(¢} Develcpment of interconnected networks in Furopean countries

. In Europe, before the Second World War, nation-wide interconnected networks
existed only in Ireland and the United Kingdom. At that time the larger plants
in those countries were already beiﬁg operated in parallel and were co-ordinated
by a central distribution statiocn. Durlng the same perlod 1nterconnex1on was
being developed in Gormany, Belgium, France, end Sweden. ' |

At the present time, most European countries have completed théqinferconnexion
of their networks and in the near future all.plants will be Operateé in parallel
and co=ordinated by distribution stations pr0v1ded with modern remote reading,

remote control and telecommunication equlpment.

- /CHAPTER III
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CHAPTER III : DEVELOPMENT OF INTERCONNEXION BETWEEN NATIONAL ELECTRIC POWER
TRANSMISS TON NETWORKS

(a) Objectives of international exchanges of electric power

The advantages of 1nterconneot1ng electric power transmission networks at the
natlonal level were explaaned in the precedlng chapter, These advantages depend
on the total capa01ty interconnected, and it is therefore understandable that
European oountrles should have tried graduslly to co~ordinate the operatlon of thelr
own individusl netWDrks by interconnecting then. .

‘ In such countries as Belglum, Dennark the Netherlands, Poland and the United
Klngdom, where electric power is generated almost exclusively by thermsl plants,
natlonal eo-ordination of the operaticn of plantg linked to the interconnexion
network is necessarily confired to securing cptimum load distribution among .
producticon units, aoeording to their ocutput. In countries where production is
almost excluslvely hydraullc, ‘such as Auvstria, Norway, Swltzerland and Sweden,
natlonal co—ordlnatlon of operation is confined to avoiding loss of water; so far
as posslble, by us1ng_the‘productlon of runvofustream plants for normal loads and
that of storage plants for peak loads., - France, on the other hand, whose electric
power productlon is divided about equally between thermal and hydro plants, can
take advantage of the differences arising out of the mode of operation of these
two types of plant It is thls same acvantage whlch is derived from the 1nter-:'
connexion of national networks.

Lnother aspect of the 1ntegratlon of national networks is the construetlon of
power plants. Efforts to reduce power plant constructicn and operating costs have
led %o the use of increasing by powerful units. " Hence, the total installed
capaeity is increasing by reletively large steps and is liable to eXceed national 7
requirements, at least temporarily. This situation has led certain neighbouring'
countries to co-ordinete their building programmes, in order to benefit by electric
power exchanges.-  More generally spesking, the co-ordinated operation of national
networks, when these are interconnected, means movemenis of electric power between
them, - ' ' ]

In this connexion, the following five types of exchange should Be_distinguished:

/- guaranteed contractual
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¢

guaranteéﬂ contractual supply'

§

contractual supply as required

guaranteed exchanges

oecasional exchianges

i

“emergency supplies.

Guaranteed power supplies are usually made under long-term contracts which
serve 2s & basis for the power supply programme of the importing country. In
additicn to stipulating the quantities and capacity of the supbly, such cohtracts"
often provide for the joint ccohstruction of power plants and interconnexion lines.

- Supplies ®as required® are supplies which one country may make available to -
anothér for ss long ags its power situation permits° Such arrangements can be
suspended at short notice in the event of any unforeseen change in the operating
conditions of the exporting country. '

Guaranteed éxchanges are generally based on variations in hydraulic
conditicnsj ccuntries producing hydrc power can undertake to make a certain
quantity available in summer to countries which depend on thermal production, in
exchange for winter supplies, This makes it pessible to concentrate maintenance
work on thermal plants during the summer and to assist countries depending on
hydro power during the winter, particularly during periods of water shortage.

is their name indicates, otcasional exchanges are carried out over very short
periods - sometimes only a few hours. Their advantage is that they can be
arranged at short notice. Théy-afe“uéed, for example, %o avoid loss of water in
hydro power systéms when the nationzl market is saturated, and result in sub=- '
stantial savings'of fuel in countries which rely on tnermzl power production.

Lagtly, emergency éupplies are provided as mutual assistanée betwsen
neighbouring countries in the event of breakdcowns causing an unforeseen reductlon

in the amcunt of power available.

(b} Development of frontlerncr0331n lineg

The process of 1nterconnex1on, which began Wlth power plants situated near
one another, was extended to the regional networks so formed. Movements of
electricrﬁawer betwéeﬁ'such,regional networks soon made 1t necessary to increase
the capacity of transmission lines and to use higher and higher wvoltages.

With the interccoanexion of national networks, the amounts of power to be
transmitted reach an wltimate limit; what is required, therefore, is not

/recessarily the
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necessarily the construction of special high-voltage transmission lines but
rather connexion of the terminal points of the naticnal networks on either side
of the frontier. N ' :

The transmissidn-bf electric power across an'intermé&iaﬁé cdhntry is effected
by "load slipping®, i.e. the agreed amount of power is délivefé& by the exporting'
country to the point at which its network is comnnected with that of the inter-
mediate country, which in turn delivers. that amount to its point of connexion
with the network of the importing country. With due allowance for some reduction
due to assumed or real lcsses in tfansmiséibn;“thé-pédé;fi;ifially exported is
ultimately used by the netwerk of the intermediate country.

| The capacity and the number of interconnexion lines have develcped side by -
side with those of national network lines. ' Table 5 shows the frontier-crossing
interconnexion lines in service at' 1 January 1959. Table & gives data on the
lines put into service between Februsry 1952 and 31 ﬁecember 1959,'froﬁ'which,it -

can be seen that continuous progress is being made in iinking up European networks.

(¢) Development of international electric power exchanges

Table 7 shows the exchangés of electric power between European countries in
1959. ‘These exchanges represent 1.4% of the total electric power produced in the-
countries concerned. Jowever, the volume of these exchanges is steadily incrsasing
‘at a faster rate than electric power production§ this can be seen, in particular,
from Table 8. ' RO

In 1951 the Union for Co-ordinating Production and Distribution of Electricity
(UUPTE) £F7“7 was set up with a view to securing optimum utilization of the meang .
of production and transmission of electricity then existing or to be provided in
the future, in the following countries: Western Germany, Austria, Belgium, France,
Ttaly, Luxembourg, the‘hetherlands and Switzerland. To this end the Union has
endeavoﬁréd, in particular, to facilitate and expand internaticnal exchanges -of
electric power. In 1953 the countries members of the Union adopted special rules
designed to 1ift restrictions on certain categories of electric power exchanges,
within previously fixed limits: “In 1956 the rules were extended to apply to
seasonal supplies and the quota éystem was also‘abolished'zﬂ22;7.' This and
other measures taken by UCPTE, such as those designed tv secure quick exchange of
information-on the situation of countries interested in importing or exporting

electric power, have resulted in a rapid ineresge in exchanges between countries
/ﬁembers of
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members of the Union. Table 9 shows that the consumption of electricity in the
member countries as a whole has almost doubled in eight years, while exchanges

between them have almost trebled during the same period,

Table 9

Consumption of electric power by the
group of 8 countries members of UCPTE
and exchanges between them

Year Impzrts in Total oozsumption in ; Imports as % of

10”7 kWh : 107 ¥Wh | total consumption |
1950 2954 132492 ; 2.2 |
1951 3873 ; = 153700 { 2.5 {
1952 LOL5 165921 ‘ 2.4 :
1953 4158 174721 2.4 !
1954, 5235 - | 191231 R :
1955 5697 , 209986 2.7 ?
1956 6971 | 223677 3.1 %
1957 8254 240110 3ok |
1958 | 8247 . 257111 3.2

The bulk of these exchanges were long-term cperations such as suppliés
under an agreement between firms of two different countries on the joint
construction and operastion of a power plant or, to give anothér examplé,
seaaoﬁal‘exchanges of power guaranteed by contracts between thermal power
and hydro power producing countries. The remsinder consisted of occasional
exchanges, make-up supplies and emergency supplies.  Although the volume of
such exchanges is relatively small, they are of real value in the slectric

power economy of the countries concerned.

/The advantages
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The advantages ai such arrangements can be seen from the fOllOWlng

eXamples of co:operatlon between countrics members of UCPTE 1n the past g

-~ The pDWer‘shortage whlch oceurred in Western Germany in the
winter of 1953/54 was effectlvely remedied by suppliés from
: 'Belglum, France, Italv and the Netherlands.,
- In the same winter, during a perlod of extreme drought in the
central and northern ‘Alps, while water conditions were favourable -
'south of the Alps, Ttaly was abls to come to the aid of Switzerland.
and Austria and mpake up the hydro pewer shortage in those countries.
=~ During thelwlnter of 1955/56 the scarcity of water in the Alps
 caused a marked! shortage of,hydrpbpewerlin Switzerland, To over=
come those difficulties an extensiﬁe ﬁrogreﬁﬁejof assistance by
the thermal producticn -countries wag organlzed.  This enabled” i
Switzerland te ‘provide for as much as A0 per cent of its nlght _
consumptlon and 1% per cent of its day consumptlon by 1mports. RS
The capacltles involved vere 240 MW from the Federal Republlc of
Germany, 45 MW from Belgium, 50 to, 100 MW from France and 30 to &
60 MW from ‘the Netherlands. .- _

, — A 91m11ar situation océurred in the wlnter of 1959/60 assigtance '
from 1nterconnected countrles enabled Austrla, normally an o
exportlng country, to import about.l0 per cent of its requlrements
on 19 January 1960, Switzerland imported 23 per cent of its’
requirements for several days in November 1959, and 1n February

1960 its total imports reached sbout 15 per cenﬁ~ef censumptlon.

JCHAPTER IV °
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CHAPTER IV: - TECENICAL CONDITIONS REGUIRED FOR THE INTERCONNEXTON OF NATTONAL
~ NETYORKS

(a) Installations for the interconnexion of networks

In meany cases the interconﬁéxion of two networks is effected merely by
erecting a line linking two cohnéxidn statibns‘féiriy"near‘thé frontier on either
side, -

If the. two networks use the same voltage, a relatively simple extension from
the ex15t1ng stations is usually all thet is needed, These stations must,
however, be equipped to measure the asctive and reactive power exchanged and often
by means qf'remdtelreéding defices‘~ to follow their fluctustions at a control
point. If two ngtwofks ﬁsing the same voltage are.directly interconnected, the
same method of eéfthing the neutral points must be-used,

If the vqltage of the'two networks are different, a coupling trénsformer is
essential, . It may be a'frahsformer'with two separate windings_q;-ag_auto—
transformer; in the latter case the neutral points of the two netwofks to be
1nterconnected must be earthed direct. In any case the coupllng transformer
should be adJustable between wide limits so that the voltage can be regulated to
avoid transm1551on of reactive power, _

As the interconnexion line makes it possible to obtaig éséiéfance from
another nétwdrk instantaneously in case of a breakdown{ the cohnexion between the
networks should be maintained as long as is possible withoﬁt risk of damage to
equipheﬂf}L"Interconnexion lines should therefore be adequatelyrpfotected to
prevent tﬂé circuit being broken too quickly in the event of serious disturbances
caused %y”éhoff'éircuits of long duration, For this reasoﬁ; ulffamrapid
protectlve ‘devices with phase selection and automatic, re—01051ng are often used
to protect international interconnexion lines, '

{b} Earthing of neutral

The choice of the method of earthing the neutral is closely linked with the
choice of the method of protecting the lines. If choke coils are used, a
relatively slow-acting line protection system, without automatic re-closing, can
be adopted. On the other band, direet earthing often requires quick-acting line
protection with automatic re-closing in order +to secure stable operation.

The interconnexion of two or more networks equipped with coils, however,
raises the problem of increased residual current which may exceed the limit of
automatic extinction, In such cases the two networks must be separated by a
transformer or some other system must be adopted.

/Separation,by
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Separaﬁipn bj a transfpr@er also appears to be-thé beét:métth where the two
interconnected networks are at the sdme voltage, but one is equipped with;coilsgn' K
whereas the neutral of the other is connected direct to earth, If the transformer
is adjustable, so that the power can be regulated, its use is preferable to other
systems such as the 1ntroduct10n of an ad;ustable homopolar reactance or an ultra-
rapid protection device with automatic re-closing, ' -

(¢} Regulation af frequency and power

The intercomnexion of networks raises a number of problems wlth regard to
regulation of the generating plant in serV1ce. ‘

In most cases the power at which the elecfr1c1ty is to be exchanged is fixed'
by agreement, Malntalnlng the power at the agreed level calls for o) certaln '
amount of care in regulating operatlons. '

Where the capacities of the networks differ very greatly it is sometimes
agreed that the one with the higher capacity shall maintain the frequency at a
specified value, The other networks connected to it must then regulste their
production on the basis of that frequenecy so as to maintain the power level for
exchange with the principal network,

This method of control has the disadvantage, however, of obliging the network
responsible for maintaining the frequeney to compensate for each variation in the
overall load of the interconnected networks pending their adjustments, This
considerably increases regulation operations by the principal network,

The méthod known as "frequency-power" or "energy-phase" regulation provides a
means of overcoming these difficulties, since it obliges each interconnected
network to adjust for its own load variations,

"Frequency=-power" regulatién is the method mainly used in western Europe,

- where most networks have been provided with automatic equipment for this
purpose,

(d) Other technical problems

In order to prevent the transmission of reactive current, which is often
prchibited in arrangements for interconnected operation of two networks, voltage
regulation devices and apparatus for measuring reactive current are reguired.
Regulation is usually effected by means of a transformer equipped with a remote

control device for regulation under load. _
/If two



Page 14

.-'If two neilworks can bc interconnected at several points or if several
netﬁorks can be interconnected with one another, the problem of ring operation
ariées. This arrangement makes it possible to maintain the interconnexion even
when one of the lines linking two networks is disconnectéd.

Furthermore, when several networks are operéfing in a ring, a circular
current is superimposed on the current represeﬂfiﬂg ﬁhe'ﬁgfeedwpbwer-ethanges.
Thislqurrgnt tends to reduce overall losses, which is'an &dditfonal advantage.
ButAaifhbﬁgh this circular current reduces the-absoldte current in some eircuits,
it increaées it in others and. may thus cause overloads,. The circular current
can, of coursge, be reduced by introducing phase shifting devices,'hut such
equipment is-very coétly. If the ring is large enough there is no danger of ...
overloading, but it is recommended that. before a ring is forﬁed; the possible

effects should be studied by means of a model network. .

/CHAPTER V
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CHAPTER V: CONDITIONS FOR TEE ORGANIZATION AND CO-ORDINATED
OCERATION OF SEVERAL NATIONAL NETWORKS

(a) Exchange of informetion, conclu51on of exchange agreements

“and supervision of operation

Interconnected operation of two or more national networks presupposes the
existence of a national distribution station or at least a reglonal statlon
responsible for operatlonal relations with foreign networks, This station must
be equipped with remote reading and control devices with which to supervise power
exchanges with foreign'countries and‘to regulate these exchanges according torthed‘
agreed prograﬁme; The station must also have direct telephone connexions. 7 N

If the power exch&nges are 4o be of short duratlon and to take place w1tnout
notice, the dlstrlbutors of the two c0untr1es concerned must be authorized to make‘
offers and conclude short-term contracts on their own 1n1t1&t1ve. ' Thus, a number
of countries have ‘agreed to liberalize their imporﬂerand exports of electric power
within certain limits of quantity and duration, under afranéements authorizing
the automatic transfer of currency to cover the cost of the electric power
exchanged., v 22_/ ' SRR

The distributors of the national netWOrks must, in the flrst place, be kept
regularly informed of production condltlons on the 1ntercannected networks. For
this purpose tne UCPTE has developed a system for the rapid coliection of
information on the exchanges made, the amount of water lost and the 31tuat10n of
the different’ countrles as 1mp0rters or exporters. This information is 1mmed1a§e;y”
circulated to tne national dlstrlbutors concerned by teletype. . | o

The experlence acquired in the ‘eight countries members of UCPTE shows, in
particular, that there is no need to set up an 1nternat10nal dlstrlbutlon centre
z 9_/ for co~ordinated operation, even if the total 1nstalled capa01ty of the
networks exceeds 30,000 MW, : - | |

{b) Co—ordlnatlon of malntenance plans

Every power plant requires ‘certain maintenance work from t1me to tlme, fo;.:
which purpose one or more generator groups have to be shut down for some length of
time, In the case of countries producing hydro power, such work 1s generally |
timed accordlng to probable flow, in order to av01d waste._

The repair schedules for thermal power plants depend mainly on fluctuatlons
in peak dally demand througnout the year, To ensure dependable operation, a

/certain reserve
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certain reserve power musti be meintained throﬁghdut thé@yééf; for relief operation
in the event of bféékdbwﬂ;or‘faiiufé:~“¥Before-nationaliSJStems were interconnected
such repair work used to be spread over the whole year, e
Interconnexion has permitted effective cdfoperation between hydro power anﬁ

thermal power producing couniries, Maintenance work on thermal plants can ‘be '
-concentrated in the summer:whiLg:a part of their load ié covered by impofts of
‘hydro power; . in this way the'ovefbgu;of the plants in ﬁinter can Ee avoided and
power can be supplied to the hydro power producing QOunffies. A spécial group
-has been set up in the UCPTE to draft a schedule for overhauls ZT3;7. This

group has=preparéd, in particular, recommendations for reducing the time consumed
by overhauls ZT}4;7:‘. In additioﬁ, it has studied the question of the minimum
technically feasible rate of operation and the rapid controlled starting of thermal
plants and precautions to be observed in the commiéSioning of new thermal units
[167 9], ) |

(c) Measurement of amounts of electric energy exchanged and accounting methods

In Europe, contracts for electric power exchanges are invariably bilateral.
In cases where one country supplies power to another through the network of an
intermediate country, remuneration in kind is uéually agreed on in requc% of the
use of the intermediate network and also in respect of the losses occasioned.

" . Contracts relating to exchanges of electricity_genérally stipulate the
quantity to be supplied and the power at which_it is to be-delivered. They
contain, in addition, clauses régarding the establishment of daily or weekly |-
supply schedules, the discontinuance of supply in case of a drop in frequency,
and the control of reactive power, _ | | .l.

Accounting records of the quaniities of energy supplied are generally kept
on bofh sides of the frontier, the quantity exchanged being determined by the-
arithmetic mean of the meter readings, the costs representing losses on the -
‘interconnexion line being sharéd,--‘ ' '

The power at which electricity is-exchangeﬁ between two systems is always
subject to rapid fluctuétioné_qf varying amplitude, These fluctuations depend
-zupon-the_capacities_éf the mgcﬁines in use, the nature of the load and the
control . devices used. | As a rule, they déznot affect'operations:an& there would
be little point im trying to eliminaté them. Accordingly, the power at which
electricity is exchanged should be measured, for accounting purposes, by a
method which ignores these fluctuations. This is often done by means of special
meters which record the average power at five, ten or fifteen-minute intervalé.

/Irrespective of
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Irrespectivé‘of"the precautions tékéh-to control the power at which the
electricity is exchanged, it is impossible to adhere precisely to the established
schedules, For accounting purposes, howéver, if the programme is carried out in
the normal way, without interfuptions due to breakdowns and at a sufficiently
staeble frequency, the simplest course is to consider that the-schedule has been
observed. The gap between the schedule and actual performance is then entered
in an "involuntary exchanges" account, These may be paid for im a number of ways,
In some cases a price per kWh during the day and at night is agreed upon, while
in others if'iétagreed to seﬁfie'the balance by a supply of electricity at low
power, S SR '

if, however, the frequency is not very stable, or if the automatic frequency
regulating equiﬁmeﬁt'is moré.efficieﬂf'in some countries than in others participating
in the co=ordinated operation, gaps which tend to check fluctuations in frequency
may be rewarded whereas those ﬁhich increase these fluctuations may be penalized.
On these lines, the UCPTE has worked out an accounting system which makes
allowance formthe'performanéé bf“éach of the interconnected systems 1711;7.

In the case of the operation‘of sevefal sy%temS"in a loop circuit the
problem is still more complicated, since in addition to the scheduled supplies
there is a "loop transit" which reduces the losses = though not, unfortunately,
evenly, Hence, where £ loop circuit is used, the sum by which the profits exceed &
the losses of the infercohnected systems as a whole has to be apportioned.

A UCPTE working party ZTlZ;7 is working on rules which would give sufficiently

accurate results with the use of a simplified method of calculatioen,
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INVENFCRY OF MAXIMUM AVAILABLE ENERGY RESCURCES IN EUROPE (EXCLUDING USSR) AND THE USSR

Table )

Hard coal Brown cogl and Petrolsum Other (including

{normally lignite (total Peat {proved and ¢ Natural gas Rydro-electric non-conventionel

pruved and goological {probtable) probable) in 1D reserves in power resources:

Count probable to reserves) metric tons producing (exploitable  Wind-power =W
oY 1 200 m) {ineluding est, fields) possibilitiss) Tidal =T
3 oll-content of Gegthermal = G

{10 metric tons) oil-bearing 6 3 ¢ Fuel wgod a/= F

ghales in (100 m)~ {10 wWh/year) (in 10 ih/yr)

parentheses) .

{x) (2) (3) ) {5) (€) (7) (8)
Albania ean e R - : 3:0 'YX 5 oLo Lol
justria b 290 Gt 95,00/ 17°500 Lo 322 -
Belglum ‘j SBBE/ - - - soe 5""’5 -
Bulgaria k2 500 sen 240 - 11 100 &
Czeohoslovekia & 000 300 - 1.0 3. 000 12 000 -
Denmark - 30 630 - - 50 -

E. Germany 162 30 Ugs . - ose 2 000 -
Finland - - 11 000 - 17 000 1 300(F)
Prance § 3 420 - 5.9(+125) 300 000 76 270 (21000(7)
' ] : (95000(¥)
Greecs e 3 000 " e - 4 260 -
Hungery 20 2 5204/ snad 161 3 700 3 350 -
Iceland - - 2- 00 - - 35 000 2 539(G)
Ireland 18 - 3 500 - 1 250 o
Italy Goo* b3 - 20.0 130 000 55 Q00 2 750(6)
Luxembourg ' - S - - - 65 -
Netherlands 3 400 10 go - 165 ane - -
Normwmy s0eB - 0% - ) . 1214 500 -
Poland 135 0 000 00 2,78 000 3 300 -
Portugal ?5 28 23 30 ? ?:. - Z/ 13 200 -
Remania .48 2 8o 68 80.08/ 246 000 27 600 -
Saar g Qo0 - - - o 30 -
Spain 000 1 506 sue - - 1 500 -
Sweden 100 - 9 400 {250) - 0 000 1 Loo{F)
Switzerlend - - - - - 32 300 -
Turkey 1500 - B0 - 10,0 ons 50 000 -
United Kingdom 170 680 - é00- - (16} - .11 Wyo {2360(T)
. : . . {L-10000{W}
We Gormany 224 300 63 000 y 8ko €5.0 35 000 25 165 -
Yugoeslavia 230 21 360 sow 56,0 18 ooo 66 500 -
Total { 2 169 €35 U3 o058 5 1 957 200 6 -
Bomt, (i inte, shom 572 333 169 €35 3 09 373,5{+331) 757 757 €55
UssR 1 320 ©00 211 090 vaa | 3230(+8950) 986 000 1 506 000

ot

a/ Calculated as elec tricliy equivxicmi ¢f s.\m.i"':.bl Tusl wood ¢ ahd Wood vaste ‘

in countrlies wit re uraes axsecding 20 x 10 m” per yéer plled ‘measure
14
b/ Proved reserves s :

3/ usl x 166 tens in active oonsesgions to depth of 1 500 Mma
Peat is included undsr brown ccel,

&/ Deposits in Spitcbergen. ;

£/ An altérnetive estimate suggests a passible reserve of &bout
4 x 10 metric tons,

g/ Proved reserves (1 January 1955) .



Tabla 2

OOMPARISON OF ESTIMATED PRIMARY COMERCIAL ENERGY BESERVES IN EUROPE RELATIVE TO POFULATION

‘(Countriea arranged in inergasing order of colum 9)

g

{ Solid mineral fueis |MHquid and gaseous fuelsl . - Lo | Commevcial Engrgy Roasrves por inhubitant o/ in
U {naiou knowa reser- Tgrovisional Icserves Tty @xplode | slectriclty equlvalsnt
' Country v°sii?£§§§i§) ;;m/ i?;;ﬁ%ﬁﬂ?ft:ﬁit ‘gj t=blo hycro 19° 1ih por in- | of whioh per- 10% kWh per in~
- - respeciively power (10%690/ | fapgtant e/ at | oemtage repre- mbitant g/with
f--d wonl | Brovn coal inhabitont ) g/ -full calo¥? s | sentad by hydre fuels converted
- and Wignitd Potrolewn | Natumal gas ‘ - equivalent b/ powes x 1600 at 25% effiociency,
(1) {2) ) ) . (5) (6} (7) (8) (9)
| Denuark - 7 - - 201 «03 4o 202
Hungary 2 o5y of 1.7 377 034 1.02 33 o51
Netherlands 316 "1 1.5 - 2455 - «6l
Creece - 376 - - 053 .47 36 <77
Ireland 6 - - - <36 282 13 «97 i
1 ITtaly 10 9 o4 2 705 1,14 1,28 89 1.18
-] Bastern Germany 9 1697 - eva 11 b L3 3 1.19
. gBalgim-—Lu;;embourg 675 - - ! sew o 06 5.29 1 1.97
! Portugal 3 3 - " - 151 145% 98 1,51 :
| Spain 276 52 - i - 1.09 3.43 ! 32 1.67
! Romania 3 141 5.0 | 13 99% 1255 2,14 73 ‘1,70
Bulgeria 6 : sl o3 - - 1.47 2.68 55 ! 1.7 E
! France 195 i 10 0,1 (2.9) € 900 1.6 3345 51 2,18 |
' Czeehoslovalcia 458 [ 558 0.1 229 «92 5. 98 . 15 2,18 !
'} a1benta 2.0 3,65 .99 3463 |
| Turkey 62 12 0ol 3473 4,26 88 3,86 1
/ Finland - E - - - 1,01 Y4, 01 120 . ‘4,01 i
 Yugoslavia 13 i‘ 1212 2.1 1021 3,99 6.95 Y | 4,57
| Austria 1 42 | 13.6 2 510 5e7l 6403 95 ! 5481
| Switzerland - . - o - 6.9 6.9 100 5 6.49
United Kingdom 3 935% i - I (0e3) - .22 27.02 1 5 6.92
' Westorn Geormany 4 395 L1236 | 13 686 W49 37,90 1 9.84
| Poland I 950 1 210 Lol g/ 14 J9 43,11 1 j 1114
| Sweden 14 - I (34s0) - 11,0z 11.54 96" i 11.15
| Saar 8 163 - i - - «03 64.55 : - 16,16
| Norway o - i e - 30.5Y 10,51 A 100 20,51
. Burope (exols USSR) 1 320 399 | 0.9(c9) 1760 1.80 13.33 13 4,59
(USSR 6 590 * 5 1055% . 1K28h8)x | b 930% Gb0% | 65e7 15% 2L, 15+

g/ Related to population as et 195%. Figures in par_ehtheses in oolumn 4 refer to estimated oll comtent of oll~bearing shales,
b/ Fuels mgonverted at the following rates: Hard oeal 8.0 kwh/kg, Brown odal and lignite 2.5 kih/kg, Petroleum 12.0 kWh/kg and Natural gas 10.6

»_ An sllowance for sstimated oll co

kY
of Peal.}’t]/ included.

3/ 4n 2lternatlve estimate suggests a somewhat hig
%/ Data for deposits in Spitzbergen not aveilable,

her roservos. . ..

ntent of oil-bearing shales 1s included where:;appropriate.

T &P



T@bl@ 3

Cava01tv aﬂd annual productlon of thermal and hydro electrlc_plants
in 1?'uro1:>ea,n countrles

. Maximum capacity in i# | Net production in 1959 in)iOB kvh | Total hydre-clectric
Couﬁf;} ¢" : - ~ production as percent~
T;i:iii h?%:;;;ii;t%¥c Ther¢§} Hydro—electricf Totgl %%%:Of :;t?;sgroductlon

Mbanie. .. . . o

iustria 1,118 2,975 3,815@/ 10,9753/ 14,7903/ e 74

Belgium 3,443 48 13,097 - 100 13,179 = 1

Bulgaria . .o ae e .e . .

Czechoslovakia - . 13,449 - 2,026 20,468 : 14

Denmark’ 1,660 9 4,341 25 . 4,366 1

&. Germany .. . . . S e

Finland an ' ve . 02/ Tea X .o -

France = 9,790 9,142 32,00 32,613 64,613 50

Greece 438 i1l oo | T e -,é.4 ; . .i

unga 1,202 ‘ 17 6,35 77 o 6,428 -

Ice%azg ’ 30 110 4779/ 149 2 . 962

Ireland 425 : 219 1, 258 739 1,997, o 37

Italy ' 3,993 10,768 10, 6902[~/ 38,3702 F-49,060% | .. 78%

Luxembourg | 254 o 1,300 2 11,303 . -

Netherlands 4,490 - 14,178 - P 14,178 -

Norway 150 5,530 255 28,375 | 28,630 99

Poland 4,615 245 23,581 547 | 24,128 é

ortugal f 190 1,030 124 2,847 P 2,971 s 9

goman?a % 1,510  ’100 6,503% 2992/ | 6,802% &/

Spain F . 4,281 P | .o L. :

Sweden 1,986 6,740 3 370, 28,622% 31, 99;_/ 90*

Switzerland i 180 5,240 1032 18,07 ' 18,181 9

Turkey . 71 351 . | 1,710 685 L 2,395 | 3

USSR P46, 470 12,617 | 200,600, 47,400 . ;248,000 ‘ 19 |

United Kingdom | 31,299 1,157 111, 936-/ 2,693 - 1114, 629 2 |

Vestern Germeny | 20,200 3,185 85,559 10,912 196,471 11 -

Saar : : 604 | 4 J 2,734 | , 19 S 2,753 B 1 '
| Yugoslavia ' 563 1,134 ¢ 30071 | 4,685, g ,}56 | 60

NOTE: he fipgures in this tablc have been rupplled dlreCuLy by govermmens
_— T hﬂoss nroduction & 6 .
Y iIncluding nuclear production: 41 = L0kWh Tor France; - 1201x10%k¥h for the United Kingdom
tc Including geothermal Broductlon (2080 x 10 %Vh)
a 1

Hydrological year (1 ctobpr - 30 September) incl:iding production of nuclear plants.

Zz e8]



Table. 4

Annual consumption of fuel for electric power production

in selected Buronmean countries in 1958

(in 109 Keal)

E Peat and |

S

6,376 |

53

Hard coal § Lignite Liquid i Notura Mamu~- | Other Total
| Calorific Calorific) | fued wood| fuels = gas | factured | fuels . con-
-‘;ngountry , évalug_ value | i : gas ' ;sumptlon
: ) exceeding below’ﬁ%’ e E |
4,500 4,500 ! 5‘ |
keal/kg  kcal/kg ; ! i :
} 1 4 i -
fustria’ | 376 -] 4 - 1,569 | 2,753 36 | 445 10,243
France ; 35,605 35,473 1,229 - 8,183 | 208 | 15,900, i -1 96;598
S D N I R B B
Hungary(a) 3,329 13,521 | 5,060 - 491 | - -~ - 22,401
Ttaly 5,757 510 1 1,396] - 9,850 i 3,950 | 1,370 | 22 | 22,865
* Tluxembouzrg ; - - 3 - - 15 ‘E - | 4,672 - ;4,687
Norway P - 1 e - 505 1 - | - 5 Vo8
Netherlands % 34,860 - - - 4,250 ! T 125 39,616
Poland | 83,594 - 1 2,029 - 173 ! - 1,939 - 87,735
. Germany'® | 73,200 - - ' 68,200 560 | 1,570 1 100 670 - 144,300
Saar 872 7,891 | - - 4 ; - L9% | - 10,763
Turkey 1,668 1,635 | 1,960 - 640 | - 189 62 6,154 |
United Kingdom | 325,425 - - - 26,4200 1 _ S 1 352, 000>
ussrle)l 152,825 31,800 . 109,360 35,435 120,697 ' 60,742 i 1,240 § - 412,099 ’
i Yugoslavia - 242 4,579 ) - 66 1 - ~ 11,314

(
|
i

(a) Public utilities only

(b} For liquid fuels, public utilities only

CriaRor
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Frontier-crosging lines in service at

Table 5

1 January 1959

Countries connected

Interconnexion lines

Total
1 2 Voigage number of
: circuits
fustria W, Germany 380 2 E

" " 220 6 !

" h 110 15 i
Austrie . Ttoly 110 2 . !
fustria . - Yugoslaevia . 110 1
Austria Czechoslovakia 220 2.
Belgium France 150 3.
Belgium France 63 i)
Belgium: Luxembourg 65 2
Belgium Netherlands 220 1.

1 ) . n i 150 2 :
Belgium| o Germany 220 i
Bulgaria Remania 60 2 3
Czechoslovakia dungory 110 4 5!
Czechoslovakis Polend 110 i 1 !
Denmark Y. Germany 60 1 i
Denmerk Sweden 50/120 3/2 ‘
France Luxembourg 63 2
France We Germany 225 1

1 11 150 2

" " 110 2
France Italy 225 1

T on ; 1" . 63 5
France . Switzerlend 225 3
Ton n 150 8

! " 125 1

1] n 63 1
France Andorra 60 1
France Spain 220 1

n : Y 150 1

" “ 110 - 1
Italy Switzerland 220 3

" n 150 2

" " 130 6

" [ 50 l
Netherlands V. Germany 220 1
Poland ' E, Germany 100 < 1
Poriugal Spain 130 1
opoin ‘ ; 3 “adorre 110 1
Switzerland | I W Germany 220
o 5 " o 339/110 1}3

: " .220/110 2

" | " 110 2
Yugoslavia i Hungary 120 1
Yugoslavia Ttaly i 1

1] 1 l

110 !
50 |
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“Table 6 -

Pro ress in’ international intercomnexion in Europe {3110 kV or sbove) -
between Februarv 1952 and December 1959

Countries connected § Interconnexions
1 : : i
; Totel . Year
1 .2 ! Vb;;?g ! number of & brought into
i | circuits: service.
i : . - ;
: — — ot ! ——— ;
tustria . | Ttaly - L2200 Pt o1 b 1953
" ' i Vestern Germany ¢ 110 4 J 1953 i
" . ) | .o B T ! T e 1220 L .2 i . 1955 !
; 1 N ’ K ] uo o 10, = J 38 ‘a iy 1 - 1956 ‘
1" : ’ !.I n ) 38 2 -i 1 : ' 1957 E
" '] Switzerland 10 1: ¢ - 1959 i
" L : Czechoslovaekia S 2200 2 1958 X
" i Tugoslavia . {110 | 2 1955
Belgium . ° | Netherlends ™ -  ° 7| ‘150 -, 1y 1855
" . :. ! : S L I 150 : i : ) 1 1958
" - France 150 1 ; 1957
Czechoslovakla Poland . 110 | 1 : 1956
n Fo ' : " : ’ : Do 1 9920 i Ty ; . 1959 -
Demmark - | Bweden’ - ¢ ¢ :i.o 120 |1 P 1953
: " o " S 120 - 1 1954
| Bastern Germany Poland ‘ : 110 i 1 ; 1956
I Finland . ° | ‘Sweden’ = o220 U 1 1959
Prance - | TItaly - . . ., o200 L, 2 1956
n o Spain P22 1 1953
n - n - v 150 - i 1 1956
u S Switzerland .. - . .| . 225 . 2 1955
" R " C225 1 | 1956
oo SO . 150 2 % 1954
) " . l -. -n ' . . R . i B : » . 150 - 1 . E 1956 B
S - | .Nestern Germany . _ ; . 220 1 ‘1 1952
b ' R r T 150 1 i 1953
ronom . ‘Hebstern' Gcrmany (Soar): + 220 ;1. oL -.1958
) "o o no h 150 2 ; 1958
Hungﬂry 7 ‘ Yugoslavlu SR 120 . 1 : 1958
¢ Italy - Switzerland 7 220 1 j 1952
[ : I - 220 2 | 1953 - |
" "o . : P . . 220, . 2. _i 1956
oo d 220 | 2 i s |
+ Notway S Sweden boo220 1 : 1959 . |
" Portugal . | Spain I 220 ! 1 ! 1958. . i
. Western Getmany— -Sw1tzerland .o220 1 1957 -+ !
: L 't s ) "a 220 | 1 1958 !

- ?rov131onalxy brought inte" serviee at 220 KV,
L/ See wlso istria and ‘Frenge | : '

RO



Teble 7
INTERNATIONAL EXCHANGES OF ELECTRIC ENEFGY DURING 1959 a/ (108 kum)

—— BRI Lol m 1 la 1o [Eeorte]
: mportlng | L1 = |~ R I g wlg i ] g 5! sleiflg 8 g g 4% | “® iperoex’-
i~ countries E "t 8 L4 R R RN R A B % figlai™ 83 6E PE t, | & jports itage of )
Exporting SR 8 £ aH S m;a 'g é gﬂ e Bl e .1 Ela el LRI R 8 I . na :lom..if
: T SDiE 0 [ dig e é;«. IR R R - B R e R A R - R T SE5ivily (p!:al}produoné
countries ~ & 3 'g 3IE ey o B . . 2 . | ; tion i
Albante AN R s ROV S RO R ey S A A R Nt St AR R (I U S AV (R R R DO B
Avsiria 3_"_:______ - - 10| - O S D I i 86% B A S O e R - | = B352 1 -~ 110 |2832 17,1 |
Bolzium | Y .~ Sl 85w fwd 429 asb] o) ] e =d - -l Al e |72 -0 -0 | 1.5 |
Byulgeria : S IS TSI S RO e < A - S I R R “f= |~ wlalal, - -
Czechoslovakia Do L -~ 1w Il - 04 | - -{ I - 3] - = - 30-: B U 53 -] - ;gi é.g i
Denns ri BT RS B S SR W }_, IR I SR I I - ] ] i =] . poL L L T AR B o3 |
Eostern Germany L e B L - i m e | = j, -l - 13321 -l =l - - == L ? - -_i-]‘]f_il-lrﬁ | L0 !
Finland ' R S N I S I B A B PR A L B C R I AL IR L T
Prence S TS 172 RO VU R N (S SO RS et 113 53| = | =i o~y =] =009) - 6y5l- fe 17 j52 ) - D5 | LB
Fungary - “l =] - S N S O T g - - - L w3 9] 10 02
Ireland ) . ’ -'E — - - - -i Ld - had ——T -'; - - i - l Lad - L] - ) Lol - ; .9- 4':' - - -l j
Italy . I et - I R e e O R B B e e L R S I 1 he R R I B 0.6 1
| Luxembourg -1 =137 -l w10 R : -] - Sl e B B N B T o B S LI ‘47 Jeb
Fetherlands R R R R -; = P B RS A P R S EIE RS R 2 1.3
Rorway ! ;} -l - -l o R R I N S 5 [N S G S 3 | de e P SRR R § ) -
Poland R ~ i lje 18wy - fe e -f - -l -f =g - O ~fal=al 1 0.1
Pord 1 - - - - -t - b o o - - - - - - - -y - - - - - -
Pamanuf:- -l - - 326g- - -5 R I N -«' i - ] R O B - i= “imi- ‘26 g.g
1Spain e ==l - =310 . |- ] = - - TR I R R S mim e I R )t -8
i Sweden wl e e =793 ot L I B R e T - - R TR TR R PR el e 1By 247
Switzerland -1 35 - ‘ - =i - -% ~870 1w | - f 157; - - S N N R 17h8} -~ - 2810 1 15,4
Untted Kingdom - I BT A B B IR N T R ) AN VRS B A - ORI -
USSR Poal el e e - SIS TR IR B T I N A A e i O B -:,-_%__13 -
{Vestern Germany ~i18] 78 /1 - | SR TR I BN TR IR B hLY S EEE A SRR ISt S R S VL 1566 1.6
iSear . A R I A R R N R A S B R B <= {~ 1385 ey - j 400 14,5 ‘
EYugosla.via oo - 520 = e io=f = S T T 65 | = k s et TGN Mk Mt Ml At HAS Sl - - - is Y e 117 : 35 o
i Imports {total) ! ~i5451161 26 [1257733 1 197141 phof|%91 1 | 3501 72133 ~1379| 1 -{109 30 U . -j9°9 ;1&0 19 n'?tg“wi 1.4 ‘
g,,.?__......__.._i et i . ‘ i P R : ; - e : r ; § ;
gIggg{g;aisp%oggction -' 3a | LU 10.710.6116.810,111.8] 242 1507 1041 '%0.7,5.’5 1.0 w60 =] =10.611.0195 :~ i~ |5l 16,5310.2 1.4
i S R i - ~ s ' R N

Note: Importers! figures have becn takenm wherever possible, but where they were not available elther tho exporters!:figures or estimates have heenbﬁﬂ:Vem
" Since these two serles of flgures do not aluays agree the sxport totel given in the table mey differ from thg export figures in national publics
- ations,. . :

Y4 Exchanges between adjacent countries only.

b/ Mot iroluding energy in transit to or from Swiizerland,
of Insluding 25 x 10° kith from the Republic of Andorre.
3/ Tnoluding 15 x 16P from Lieohtenstetn,
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Teble 8

Bxports of Electric Energv in Relation $o Production
‘ in Western Burope - 1937-1959(g)

1 Year Total clectric energy in 109kWh Exporis as o per-
- = centage of total
Exported ' Produced production

1 2 : 3 4
1937 2.3 145 1.6
1943 3.5 . 215 1.6
1949 3.1 230 ' 1.3
1950 | ‘ 3.3 257 1.3
;] 1951 4,2 . 287 1.5
1952 4,1 | 306 1.4
1953 4.7 : 323 1.5
1954 5.6 352 1.6
1955 6.5 383 1.7
1956 8.5 412 2,4
1957 " 9.2 440 2.1
1958 9.7 ; 468 2.1
1959 P | 1.4 i 498 2.3

i (¢) excluding Bulgaria, Czechoslovekia, Eastern Germany, Hungary
Poland, Romanis and the USSR.







