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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC CABLES -~
CALCULATION OF THE CURRENT RATING -

Part 3: Sections on operating conditions -
Section 2: Economic optimization of power cable size

FOREWORD

1) The |IEC (International Electrotechnical Commission)- is a worldwide orgapi ization
comprising all national electrotechnical committees (IEC National Committees Th is to
promote international cooperation on aill questions concerning standardj and
electronic fields. To this end and in addition to other activities, the |EC rds.
Their preparation is entrusted to technical committees; any IEG Nati d in
the |subject dealt with may participate in this preparatory and
non-governmental organizations liaising with the IEC also partici IEC
collgborates closely with the International Organization fo with
conditions determined by agreement between the two organjzatio

2) The formal decisions or agreements of the IEC on tec al\ma 9 bs on
which all the National Committees having g i gin, g anted, express, as neafly as
posdible, an international consensus of op an th 3

3) They| have the form of recommendations for | nical
reports or guides and they are accepted by

4) |n orgder to promote international umflcatlo ional
Standards transparently to the .LAny
dive gence between the IE€_Stand rd and arly
indi

Interngti igh-

voltage cables, of

This fi din

1991 wi

IEC 28 -2-1

replace -3-1

replacgs annéxes Adnd B of the second edition of IEC 287.

The text of this standard is based on the following documents:

DIS Report on voting

20A(CO)131 20A(CO)139

Full information on the voting for the approval of this standard can be found in the report

on voting indicated in the above table.

Annexes A and B are for information only.


https://iecnorm.com/api/?name=5c5be7ae11783f8d67451eef338f3036

287-3-2 © IEC:1995 -7-

0 Introduction

IEC 287 has been divided into three parts and sections so that revisions of, and additions

to, the document can be carried out more conveniently.

Each part is divided into sections which are published as separate standards.

Part 1: Current rating equations (100 % load factor) and calculation of losses
Part 2: Thermal resistance
Part 3: Sections on operating conditions

This sdction was previously IEC 1059.

0.1 General part

The p
admissgi
cable.
the cable.

The ing¢reasing cost of energy, togetheg

imum

the

ife of

the
LPE

and E 2 glex idered on wider econgmic
grounds. Rather than minimizing the jfiti ~ e sum of the initial cost and|the
cost o the losses over the economic rfe able this
latter infitial
cost w I its
economni

The fu < 3V e ing’the economic life of the cable can be calculated
by maki @ ¢ Size
of con e-sm of the future costs of energy losses and the initial
cost of are minimized.

The saving.i alPeosty when a conductor size larger than that determined by theqmal
constrgints i is'due to the considerable reduction in the cost of the joule logses
compaf i increase in cost of purchase. For the values of the financial and
electridal parameters used in this standard WhICh are not exceptronal the savrn in

the com

annex A). Calculations for much shorter fmancrai penods can show a srmrlar pattern

A further important feature, which is demonstrated by examples, is that the savings
possible are not critically dependent on the conductor size when it is in the region of the

economic value, see figure A.3. This has two implications:
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a) The impact of errors in financial data, particularly those which determine future
costs, is small. While it is advantageous to seek data having the best practicable
accuracy, considerable savings can be achieved using data based on reasonable
estimates.

b) Other considerations with regard to the choice of conductor size which feature in
the overall economics of an installation, such as fault currents, voltage drop and size
rationalization, can all be given appropriate emphasis without losing too many of the
benefits arising from the choice of an economic size.

0.2 Ejturmmp'm
in order to combine the purchase and installation costs with costs of gnerg

during [the economic life of a cable,

econorpic values, that is values which relate to the same point in
use th
The “f
values].
the cosgt of borrowing money.

ising
able
ent to
nt".
sent
d to

In the procedure given here infiatio ¢ n@e grounds that it will affect

both the cost of borrowing money and\the“¢o . i idered
overtl‘le ex i i pth,
the chgice of an economic size can b ded
compligation of inflation.

To calgulate the presen Dro-
priate yalues for the fut ) and
annual discount ' e N 5 or
more. |t is not possib s 8. 0 these aspects m ﬂ'lls standard because ﬂhey
are dependent on tH i Dnly
the ap rto
agree

The fof due
regard i to
remain ove

commgnts onthe effect of the accuracy of these parameters is relevant here also.

There are two approaches to the calculation of the economic size, based on the same
financial concepts. The first, where a series of conductor sizes is being considered, is to
calculate a range of economic currents for each of the conductor sizes envisaged for
particular installation conditions and then to select that size whose economic range
contains the required value of the load. This approach is appropriate where several similar
installations are under consideration. The second method, which may be more suitable
where only one installation is involved, is to calculate the optimum cross-sectional area for
the required load and then to select the closest standard conductor size.
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0.3 Other criteria

Other criteria, for example short-circuit current and its duration, voltage drop and cable
size rationalization, must be considered aiso. However, a cable chosen to have an
economical size of conductor may well be satisfactory also from these other points of
view, so that when sizing a cable the following sequence may be advantageous:

a) calculate the economic cross-sectional area;

b) check by the methods given in IEC 287-1, in IEC 287-2 and in |EC 853 that the size
indicated by a) is adequate to carry the maximum load expected to occur at the end of

the eeconomieperiod oY oRductertempe e ceeding-the cHAY pefrmit-
ted value;
c) ort-
circ
d) its;
e)
To con nse-
quencgs of interruption of supply. It a larger cross-section of

condugtor than the normal load conditi e economic choice would
suggest, or to adapt the network accordir '
A furth
faulty
decisio

Thus,
and m
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ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 3: Sections on operating conditions -
Section 2: Economic optimization of power cable size

1 Scope

This International Standard deals solely with the economic choice of conductor size based

on joule losses. Voltage dependent losses have not been considered.

NOTES
1 [|tis recommended that the method given in this standard should not be Gsed g on -
syst@m voltages equal to or greater than the following (see IEC 287-1-1):
Type of cable
Cables insulated with impregnated paper:
solid type 38
oil-filled and gas pressure 5
Cgbles with other types of insulation:
butyl rubber 18
EPR 63,5
PVC 6
127
127
63,5
2 standard in order to take dielectric losses into account are
under considerati
Likewig 3 F itenance, energy losses in forced cooling systems and fime
of day have gen included in this standard.
An exd e application of the method to a hypothetical supply system is givep in
annex

2 Normative references

The following normative documents contain provisions which, through reference in this
text, constitute provisions of this section of IEC 287-3. At the time of publication, the
editions indicated were valid. All normative documents are subject to revision, and parties
to agreements based on this section of IEC 287-3 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated
below. Members of IEC and ISO maintain registers of currently valid International

Standards. -

IEC 228: 1978, Conductors of insulated cables
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IEC 287-1-1: 1994, Electric cables — Calculation of the current rating — Part 1: Current
rating equations (100 % load factor) and calculation of losses — Section 1: General

IEC 287-2-1: 1994, Electric cables — Calculation of the current rating — Part 2: Thermal
resistance — Section 1: Calculation of thermal resistance '

IEC 853, Calculation of the cyclic and emergency current rating of cables

3 Symbols

The symbols used in this standard and the quantities which they represent are given'in| the
following list:
A ariable component of cost per unit length related to conduct N2
B uxiliary quantity defined by equation (16)
c onstant component of cost per unit iength related

laying conditions, etc. cu/m
CcT otal cost of a system cu
D emand charge each year cu/W.year
F uxiliary quantity defined by eq cu/W
lax alue A
It oad as a function ¢ A
l able length m
cJ resent value o cu
N

year

Np -
N, -
P cu/W.h
Cl nstalted b the length of cable being considered cu
Cl, nstalled cost of the next larger standard size of conductor cu
Cl, installed cost of the next smaller standard size of conductor cu
CI(S) installed cost of a cable as a function of its cross-sectional area cu
Q auxiliary quantity defined by equation (8) -
R cable a.c. resistance per unit length, inciuding the effect of

Yor Yoo x1, xz (considered to be a constant value at an average

operating temperature, see clause 4) Q/m

a.c. resistance per unit length of next larger standard
conductor size Q/m
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R, a.c. resistance per unit length of next smaller standard

conductor size Q/m
R(S) a.c. resistance per unit length of a conductor as a function

of its area 4 Q/m
S cross-sectional area of a cable conductor mmg
S‘ac economic conductor size mm?2
T operating time at maximum joule loss h/year
a annual increase in /__ : %
b annual increase in P, not covered by inflation %
i discounting rate used to compute present values

-

auxiliary quantity defined by equation (9)
fime
Yp proximity effect factor, see IEC 287-1-1

Ys skin effect factor, see IEC 287 1-1

a,, femperature coefficient of conductor resistance at 20 1/K
0 maximum rated conductor operating tempera °C
9, ambient average temperature °C
O, mean operating conductor tempe °C

11, xz sheath and armour loss factors, 8

4 Ca

The to
presen
arbitra

The total cost = CT = Cl + CJ (cu) 1)

whe
C! is the cost of the installed length of cable, cu;

CJ is the equivalent cost at the date the installation was purchased, i.e. the present
value, of the joule losses during an economic life of N years, cu.

Evaluation of CJ

The total cost due to the losses is composed of two parts: a) the energy charge and b) the .
charge for the additional supply capacity to provide the losses.
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a) Cost due to energy charge

Energy loss during the first year = (2. R 1. Np -N )T (W.h)

where

!

max

l
R

is the maximum load on the cable during the first year, A;
is the length of cable, m;

(2)

is the apparent a.c. resistance of a conductor per unit length, taking into account
both skin and proximity effects (yp, ¥,) and losses in metal screens and armour

Ay, Ay), Q/m.

As the
ations
tempe

in the pbsence of more precise information, that R is constant and<has

ding tg

Here 6
ea is th

NOT|
nom
is si

The

The

economic conductor size is usually larger than the size based on
(i.e. the size determined by the use of IEC 287-1, IEC 287-2 an
ature will be lower than the maximum permissible value. It is

alué during the final |
or temperature can be

is the nﬁ?
is the numbe

lfthe loss load factor p is known and can be assumed to be constant during

der-
, its

vhich
ears
nade

bx B.

while

flow

the

t
I(t)

—economic life, them:
is equaltop . 8 760
See IEC 853 for the derivation of the loss load factor, u;
is the time, h;
is the load current as a function of time, A.
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The cost of the first year’'s losses is:

= (2 R l. Np N ).T.P (cu) (3)
where

P is the cost of one watt-hour of energy at the relevant voitage level, cu/W.h.

b) Cost due to additional supply capacity
The cost of additional supply capacity to provide these losses is:

= (2 A1 .Np N_).D (culyear) (4)
where

D {s the demand charge per year, cu/W.year.

The|overall cost of the first year's losses is therefore:
= (l2__.R.1l. Np .N).(T.P + D) (cu

max
If cgsts are paid at the end of the year, then at the date
tion|their present value is:

(5)
of the installa-

(B A1 N, . N ).(T.RFD)

\/O(

(6)

where

Simjlarly, the present ing N years of operation, discounted to

the gate of purchaseg

O .
N )(T.P + D). 100 (cu) (7)

account the increase in load, the increase in cost of
discount rate.

N

N 1 1-r
- M1y 2 -
n§1 ( ) 1-r

~ (1 +a/100)%. (1 + &/100) o)
N (1 + #100) (

and
a is the increase in load per year, %;
b is the increase in cost of energy per year, not including the effect of inflation, %.
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Where a number of calculations involving different sizes of conductor are required, it is
advantageous to express all the parameters excepting conductor current and resistance in
one coefficient F, where

Q

NN (T.P+ D). —2— (cuw 10
Fr=NeNAT-P o+ D) 0g) W) (19

The total cost is then given by:

CT = Cl+ I2_ .RIF (cu) (11)

max

§ Ddtermination of economic conductor SiZes

5.1 First approach: economic current range for each conductor in g

All co itjons.
The u;[:

by:

12)

13)

where

Cl | is the installed cosf ble whose conductor size is being considered,
cu;

R | isthe a.c.rg m;

m;

R, | .ds’the a.c. resistance per unit length of the next larger standard conductor, Q/m.

NOTES

1 The upper and lower economic current limits of each conductor size may be tabulated and used to
select the most economic size of conductor for a particular load.

2 The upper economic current limit of one conductor size is the lower economic current limit for the next
larger conductor size.
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The economic conductor size, SQc is the cross-section that minimizes the total cost function:
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Second approach: economic conductor size for a given load

General equation

CT(S) = CS) + 12, -R(S).L.F (cu)

(14)

where CI/(S) and R(S) are expressed as functions of the conductor cross-section S,

see b

2.2,

The equatlon for the relatlonshlp between CI(S) and conductor snze can be denved from

known-eosts-of-standard-cablesizes—n-generat—if-areaseonak n be
fitted 0 the costs possibly over a restncted range of conductor sszes t sho sed.
This the
assu
According to IEC 287-1-1, the apparent conductor resistance e ¢ sed as a func-
tion of the cross-section by:
Pog-Bl1+0,,(0  —20
R(S) = —= 20" m (15)
(16)
where
Poolis the d.c. resistivit
NOTE - The economic/ sondus ts\nlike yte be ldntncat to a standard size and so it IS necessary to
proYide a continuous [relatiohshi S ue of
resistivity for eag bpper
and|30,3 x 10 "@ mpro-
mis@ values chosefi s bizes,
rathr than from the s
Yp,
Ay
Cag erial
0, is the conductor temperature, see explanation given in the definition of R for
equation (2), °C;
B is the auxiliary value defined by equation (16), which can be calculated from
IEC 287-1-1 by assuming a probable value for the economic size of conductor;
) is the cross-sectional area of cable conductor, mm2.
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5.2.2 Linear cost function for cable costs

If a linear model can be fitted to the values of initial cost for the type of cable and instal-

lation under consideration, then:

CiS)=1.(A.S+ C) (cu)
where
A is the variable component of cost, related to conductor size, cu/m.mm?;
C is the constant component of cost, unaffected by size of cable, cu/m;

l s the length of cable m

(17)

Then the optimum size S . (mm?) can be obtained by equating to zero\the derivativ

equatign (14) with respect to S, giving:

12 F.poo-B[1+0,,(8, - 20)]1%

S,c = 1000 [ y \ ?)

NOTES

1 As the economic size is unknown, it is necessary to
in order that reasonabie values of y_, Yg
the dconomic size is too different.

2 The constant component of the cost, C, ih equatio
omic|size Sec'

S, is Unlikely to be exac

one chpsen. &

dssymption_as to the probable cable| size
eca culation may be necessary if

ot-affect the evaluation of the dcon-

L4Y

of

(18)

\ a & ar%size see IEC 228) and so the cost for|the
adjacent larger and smalle 3 5i2es\s sg¢/calculated and the most econonjical
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Annex A
(informative)

Examples of calculation of economic conductor sizes

A.1 General

Example calculations are given for a supply system feeding ten equal loads uniformly
spaced along a route for the following cases:

ze each cable between adjacent loads.

b) An application of the second method (see 5.2), the econq
method, to size each cable between adjacent loads.

¢) An application of both methods to give the most econo
only one size of cable is used throughout the whole route

The regults are summarized in A.6 to show the saving an/be ed by choosing a
condugtor size which reduces the overall costs, rathe Wnimizing the first cost.

A.2 Cable and supply system details
Load and route data

en 10 kV/0,4 kV substations equally

A 10 KV cable circuitphas\to be sized
v ation (see figure A.1). (There is only pne

spaced along a route
three-ghase circ{'}o A
The caple length b

The highest hou
route dre:

—

gurrent / in the first year for each section of|the

max’

Section Current (A)
1 160
2 144
3 128
reducing by 16 A at each station to:
9 32
10 16

The cyclic rating factor, M, for all loads is 1,11 (see IEC 853). It is assumed that this factor
remains constant during the economic life of the cable.

For each section of the route the cable size is chosen according to the following criteria:

a) The minimized sum of the primary cost plus the present value of the joule losses for-
the economic life of the cable.
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b) The current-carrying capacity required for the load during the last year of the
economic life of the cable. The required current-carrying capacity for this example is
0,9 times the maximum load, i.e. the maximum load divided by the cyclic rating factor
of 1,11.

c) Other factors, such as short-circuit withstand and voltage drop, have not been
considered in this example, but can be introduced as indicated in clause 0.3 of the
introduction to this standard.

Financial data

economic life N 30 (year)

operating time at maximum loss (the value of
2 250 includes the effect or the daily cyclic load)

rear)

price of joule losses at end of first year at 10 kV dW.h)

demand charges ear)

Cablle and installation costs per unit length are give
in tgble A.1

For fthis example, the coefficient of that part o
installation costs which depends op
has|been calculated to be

u/m)

0,1133 (cu/m.mm?2)

annpal increase of load 0.5 (%)
annpal increase of cost of energy ( b 2,0 (%)
annpal discounting ra i 5,0 (%)

Cable pata Q

For the purpose o S jctional three-core 6/10 kV type of cable has heen

assumped. ¢’ conductors at 40 °C and 80 °C are given in columns
(2) an£ e financial details are given in columns (4) to (6). It has a
permissi or temperature of 80 °C and when laid in the ground|the

steadyrs atings>at this temperature, for a 20 °C ground ambient temperature,|are

Calculation_of auxilia

[1 +(0,5/100)]2 x {1 + (2/100)]

r = = 0,98117 equation (9
1+ (5/100) (eq ®)
30
Q- 1=098127 53 481 (equation (8))
10,0812

1x(22 19 x 1075 +0,003) x 23,08
F o 3x1x(2250x60,9 x 107" +0,003) x =9,2341 (equation (10))
1+ (5/100) :
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A.3 Calculation using the economic current range method (see 5.1)
A.3.1 Calculation of the economic current range of one size

As an example, the economic current range for a 240 mm?2 conductor will be found.
Equations (12) and (13) are used.

Lower limit of / = =128 A equation (12))

\/ 500 x (58,99 - 52,2) x 103

9,2341 x 500 x (0,140 - 0,114) (equation(13))

—

Jpper limit of /.

The ug hder
the co wer
limit o aller
condug the
followi

Current range
A

- 19
19 27
27 34
34 48
48 66
12 66 85
0 85 98
5 98 128
240 128 168
300 168 231

400 231 -

Relationships between maximum load during the first year and total cost per unit length for
three sizes of cable are given in figure A.2. It can be seen that each size of cabie provides
the most economical installation over a range of currents.

The effect of a change in conductor size on the overall costs, when carrying a given load,
is shown in figure A.3. Here the cable and financial parameters of this example have been
retained, but a fixed load, /__ , of 100 A has been assumed. It can be seen that, in the
region of the most economic size, the total costs are not greatly affected by the choice of
cable size. However, the reduction in costs, compared with those based on the use of a
size chosen from thermal considerations, is very significant.
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A.3.2 Selection of an economic conductor size for each section

From the economic current ranges tabulated in A.3.1 above it is possible to select an
appropriate conductor size for each section of the cable route, based on each value of
l.ax fOr the first year. The sizes so selected for each section are given in table A.2
together with the costs calculated by means of equation (11).

A typical example of the calculation of costs is given below.

For section 1, / is 160 A.

’ ‘max

The edonomic conductor size selected from the table in A.3.1 is 240 2 whishChas an
econorpic current range of 128 A to 168 A.

CcT

[52,2 x 500] + [1602 x (0,140/1 000) x 500 x 9,2341]
26 100 + 16 548
42 648 cu

The cofsts for each section of the route are summarized (n tablexA
it can be seen from table A.2 that the(total c«¢ stallati $ on

an ecopomic basis is 290 535 cu.

A.3.3 |Conductor size ba

The caple size for.gac
the last year of
temperature.

For segtion 1:

for
ctor

160 A

160 x [1 + (0,5/100)]%%-"
160 x 1,1556

Maximum_¢ q last year

— s A
= 1O A

The required current-carrying capacity (100 % load factor), /, for the final year shall be not
less than:

185/1,11 = 167 A

where the number 1,11 is the cyclic rating factor assumed in A.2 b) above.
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From the following table of current ratings (calculated according to the methods in IEC
287-1-1 and |IEC 287-2-1, for this type of cable when installed in the ground) the required
conductor size is 70 mma.

Nominal size,
mm?2 25 35 50 70 95 120 150 185 240 300 400

Current-carrying
capacity, A 103 125 147 (181 221 255 281 328 382 429 482

tempe
the temperature of the conductor would be about 40 °C (see clause
that a [comparable assumption for the temperature of conductors
thermdi ratings would be the maximum permissible value of 80<°C.

The tofal cost of section 1 during the 30-year pe

CTE [32,95 x 500] +[1602 x (0,553/10
= 16 475 + 65 363
= 81 838 cu
Comparison with the cost fo S ated

in A.3.2, shows tr@e

Similan calculation i maximum thermal current-carrying capacity have
been made for a are given in table A.3. The total saving for the|ten
sections is (5 - 00/547 864 = 47 %.

Route pection 1 isTuséd as an example.

| L4160 A
P = 30.3x107° Q.m (see 5.2.1)
ay = 0,00403 K™

B = 1,023 (assuming initially that a conductor size of 185 mm?2 could be the eco-
nomic optimum)
A = 0,1133 cu/m.mm? (coefficient of the variable part of the installation costs, see

5.2.2)
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F = 9,2341 cu/W
em = (80 —20)/3 + 20 = 40 °C
1602 x 9,2341 x 30,3 x 1()"g x 1,023{1 + 0,00403(40 — 20)] | 0.5
Sec = 1000 x
0,1133
= 264 mm?

Thus either a 240 mm? or a 300 mm?2 conductor size could be chosen.

The initial choice of a 185 mm?2 conductor for the estimation of B can now be improved.

Recalcl:lating with a value of B = 1,057, for a 300 mm? conductor, gives.a valueNor S/, of

269 mm?, which is also within the 240 mm2 to 300 mm?2 range.

The tolal cost for each of the possible conductor sizes is no
equatign (11).

CToyo = [52,2x500] + [1602 x (0,140/1 000) x 500 x 9;2
= 26 100 + 16 548
= 42 648 cu
CTaho = [58,99 x 500] +[1602 x (O ]
= 29 495 + 13 474
= 42 969 cu
The 24

Sizes and costs far tk The
values |agree idII 3.1
and ARB.2 and the

table Al2.

A5A1

It is first necessary to assume a probable conductor size and the total cost is calculgted
with e i i is si i i ext
smaller and larger sizes of conductor are calculated in order to confirm that the assumed
size is indeed the most economical.

For the purpose of this example it is assumed that a 185 mm?2 conductor would be the best
choice.

The costs for all sections using 185 mm2, and then 150 mm?2 and 240 mm? have been
calculated and are set out in table A.4.
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The total costs are:

150 mm? 312 841 cu
185 mm? 312 166 cu
240 mmz? 324 707 cu

This indicates that, if for the purpose of standardization one conductor size only can be
used, 185 mm?2 is the most economic choice.

The small change in total cost with change in conductor size noted in A.3.1, and
figure A.3, can be seen to apply here also.

A.5.2 |Economic conductor size method

Aithough only one conductor size is used, the current is different §
so that the average losses must be computed (all sections are assym
same tpmperature and hence the same conductor resistance).

Average losses 500 x 1602 + 500 x 1442 <\
Maximum losses 10 x 50

0,385
From equation (18), using B for a 185 co
PN0,00305(40 — 20) ] x 9,2341 x 0,385 |°5
0, _

1602 x 1,023 x 30,3 X 10<°
S ::1000x[ A\(/Q\ [\J

ec

3

164 mm?

So that ctors could prove to be the most economic.

Total ¢ S ors are:

CT, 4 x 10+ 1602 x (0,226/1 000) x 500 x 10 x 9,2341 x 0,385

oy AN 2
= 229 800 + 82 365
= 312165 cu

Thus the 185 mm?2 size is confirmed as the most economic size to use if only one conduc-
tor size is to be used throughout the route.

It is clear, by comparison with the sizes chosen in table A.3, that a 185 mm? conductor is
thermally adequate to carry the maximum load at the end of the 30-year period.
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A.6 Summary of results

A summary of the results of the calculations for the cable and conditions described in A.2
is given below.

Summary of costs

Basis of costing cl CJ TOTAL
cu cu cu %
Thermal current-carrying capacity
for eagh section 146 330 401534 64 100
Econopmic size for each section 202 095 88 440 290 535 53
Economic size using one standard size 229 800 82 % 312 57
of 185|mm? throughout
Table\A.1 ble 'detai
Resistance by phase Primary cost
(Gable size at C ie Laying Sum
40 80%C
mm?2 cu/m cu/m cu/m
(1) (4) () (6)
25 10,62 17,23 27,85
35 11,65 17,33 28,98
50 13,19 17,49 30,68
70 15,24 17,71 32,95
95 17,81 17,97 35,78
20,37 18,24 38,61
150 23,45 18,55 42,00
185 27,04 18,92 45,96
240 32,69 19,51 52,20
L 300 0114 0134 38,85 20,14 58,99
400 0,091 0,104 49,11 21,20 70,31
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Table A.2 — Economic loading

Section number 1 2 3 4 5 6 7 8 9 10
Load
fnax (A) 160 144 128 112 96 80 64 48 32 16
Cable
Size {mm?) 240 240 185 185 150 V 120 95 70 50 25
Capacity (A) 382 382 328 328 281 255 221 181 147 103
Costs ger section and total Sum
Cabl (cu) |16345]|16345|13520 113520111725 10185} 8905| 7 65 310\11p 070
Layin fcu) | 9755| 9755 9460 | 9460 | 9275| 9120| 8985| 8855) B745\ 8645 \92 025
cl (cu) 126 100 |26 100 {22980 | 22980 |21 000 | 19 305 178§ 16 4 &5 0 \\3% 20p 095
cJ (cu) | 16548113403 /13692110483 ] 9616 ] 8185 <6\‘»€{ 5 32811 1534 8B440
CcT (cu) | 42648 39503 | 3667233463 130616 ;74‘93%@ 92 M 15 459 | 29p 535
Table A.3 — Current- ing \capagity critetion
Sectiorn] number 1 2 3 (? \% 7 8 9 10
(]
N
Load /\ (\ \Q >
hax (A) \%‘; \\9 80 64 48 32 16
fond (A) 8 12 11 92 74 55 37 18
long/ 141 ( 133 17 100 83 67 50 33 17
35 25 25 25 25 25 25
125 103 103 103 103 103 103
Bum
5825| 5310} 5310] 5310| 5310} 5310| 5310} 5B 520
8665| 8615 8615 8615) 8615| 8615| 8615| 86810
cl {cu) 116475116475115340114490113025} 136251 130261139251 13025113025 146 330
cJ (cu) | 6536352944 |60 365 |62492 |63443 |44058|28197[15861 | 7049 1762 |401534
CcT (cu) |81838|69419|75705|76982|77368 | 57983 |42 122129 786 | 20 974 | 15 687 | 547 864
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Table A.4 — Economic loading, standard conductor size for all sections
Standard size: 150 mm?2

Section number 1 2 3 4 5 6 7 8 9 10

Imax (A) 160 144 128 112 96 80 64 48 32 16

Cable
Size (mmg2) 150 150 150 150 150 180 150 150 150 150
Capacity (A) 281 281 281 281 281 281 281 281 281 281

Costs um
Cabl (cu) 11172511725 [11725|11725]11725]|11725) 1172511725 725 1 11\725) 1|7 250
Layin: (cu) 9275| 9275 9275) 9275} 9275} 9275 9275| 9 23\( 27@‘ 92 9 750
cl (cu) |21 0002100021000 |21000 ;21000 21 000| 21 000 | 21 Q00 | 2N\000 1\0&&,?0 000
cJ (cu) | 26712 | 21637117096 }13083| 9616 | 6678 4 27}/% \ 6 OR 841
CcT (cu) 14771242637 38096 |34 089 |30616 | 27678 7>\ 23 404 2&'\8 67 |31p 841

}5« \N\)
Standard size: 18%
Sectior} number 1 2 3 [~4 /\é \{/ [)\ & 9 10
N

Imax (A) 160 144 128 12 \ 80 48 32 16

Cable
Size (mm?) 185 85 i85 185 185 185 185
Capagity (A) 328 328 328 328 328 328

Costs der section and fqta Bum
Cabl:]e (cn<> 5 13520 | 13520| 13520 | 13520 | 13520} 13 520 | 13p 200
Laying (cu) 9460) 9460 9460| 9460| 9460 9460| 9460 | 94600
cl (cu< o) 22980 {22980 | 22980 | 22 980 | 22 980 | 22 980 | 22 980 {22p 800
CcJ /(@ 10483 | 7702 | 5348| 3423| 1925 856 214 | 8P 365
cT &cu) 33463 {30682 | 28 328 | 26 403 | 24 905 | 23 836 123 194 |31 165

\ Standard size: 240 mm?2
N

Sectior] number 1 2 3 4 5 6 7 8 9 10

L nax (A) 160 144 128 112 96 80 64 48 32 16

Cable
Size (mm?2) 240 240 240 240 240 240 240 240 240 240
Capacity (A) 382 382 382 382 382 382 382 382 382 382

Costs per section and total Sum
Cable (cu) 11634516345 |16345 (1634516345 | 16345| 1634516345 | 16 345 16 345 | 163 450
Laying (cu) 9755| 9755 9755| 9755 9755 9755| 9755| 9755 | 9755| 9755 97550
Cl (cu) 126100 |26 100 | 26 100 | 26 100 | 26 100 26 100} 26 100 |26 100 | 26 100 |26 100 }261 000
cJ {cu) | 16548 {13403 [10590| 8108 5957 | 4137| 2648} 1489 662 165 | 63707
CcT (cu) {42648 | 39503 |36 690 | 34 208 | 32057 | 30 237 | 28 748 | 27 589 | 26 762 | 26 265 (324 707
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