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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.

Full document details: 24/30485190 DC

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/24-30485190-dc
http://www.avadocuments.com/doc/24-30485190-dc

20/2151/CD

COMMITTEE DRAFT (CD)

PROJECT NUMBER:

EC 60287-3-2 ED3

DATE OF CIRCULATION: CLOSING DATE FOR COMMENTS:
2024-01-05 2024-03-29

SUPERSEDES DOCUMENTS:

20/2149/RR
IEC TC 20 : ELECTRIC CABLES
SECRETARIAT: SECRETARY:
Germany Mr Walter Winkelbauer
OF INTEREST TO THE FOLLOWING COMMITTEES: PROPOSED HORIZONTAL STANDARD:
O
Other TC/SCs are requested to indicate their interest, if any, in
this CD to the secretary.
FUNCTIONS CONCERNED:
O EmMC [J ENVIRONMENT [J QUALITY ASSURANCE [0 saFeTYy

This document is still under study and subject to change. It should not be used for reference purposes.

Recipients of this document are invited to submit, with their comments, notification of any relevant patent rights of which they are
aware and to provide supporting documentation.

Recipients of this document are invited to submit, with their comments, notification of any local regulations or technical re asons that
may exist and should be considered should this proposal proceed, recognizing that failure to address such requirements could result
in the need for new or existing “In Some Countries” clauses. (SEE AC/22/2007 OR NEW GUIDANCE DOC).

TITLE:

Electric cables - Calculation of the current rating - Part 3-2: Sections on operating conditions - Economic
optimization of power cable size

NOTE FROM TC/SC OFFICERS:

Copyright © 2024 International Electrotechnical Commission, IEC. All rights reserved. It is permitted to download this
electronic file, to make a copy and to print out the content for the sole purpose of preparing National Committee positions.
You may not copy or "mirror" the file or printed version of the document, or any part of it, for any other purpose without
permission in writing from IEC.

Documents

Document Sharing Hub

Full document details: 24/30485190 DC


https://documents.iec.ch/ords/f?p=700:610:::::P610_DOCUMENT_FILE_ID:887989
https://www.iec.ch/tc-tools/grt
https://doi.org/10.3403/30271059U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/24-30485190-dc
http://www.avadocuments.com/doc/24-30485190-dc

20/2151/CD -2- IEC CD 60287-3-2 © |[EC:2024

CONTENTS

O T T I 4
NN S 7 1 L@ 1 1 ] 6
L I 7= o T= = o - 6
0.2 ECONOMIC @S P CES ittt ittt e 7
(O I @ { =Y o | (=Y o - T 7
0.4 Environmental impact. ... e 8
1 ST oo o 1= 9
A N[ g 0 BN YT =Y =T Y oo 9
R T 1 120X - 9
4 Calculation Of total COSES .. 11
5 Determination of economic CONAUCIOr SIZES ......ceuiiiiiiiiiiii e 14

5.1 First approach: economic current range for each conductor in a series of
4= S PP 14
5.2 Second approach: economic conductor size for a given load...............ccooveeieeiennnn. 14
5.2.1 General eqQUAtIoN ..o 14
5.2.2 Linear cost function for cable CostS..........ccoviiiiiiiiii 15
5.2.3 Effect of charging current and dielectric 10SS€S .......coeviiiiiiiiiiiiiiiien 16
Annex A (informative) Examples of calculation of economic conductor sizes........................ 19
A1 LT o T=T = | 19
A.2 EXaMIIE T 19
A.2.1 Cable and supply system details..........cooiiiiiiiiiiii 19
A.2.2 Calculation using the economic current range method (see 5.1) .................... 21
A.2.3 Calculation using the economic conductor size method (see 5.2)................... 23

A.2.4 Calculation based on the use of one standard conductor size for all
sections of the roUte ... 24
A.2.5 SUMMaAry Of FESUITS ... e 25
A3 E X AMIPIE 2. 30
A.3.1 Cable and supply system details.........coooiiiiiii 30
A.3.2 Conductor size based on thermal ratings .........ccoocoiiiiiiiii 32
A.3.3 Calculation of auxiliary quantities ... 32
A.3.4 Calculation of the total COSt ...iviiii i 32
Annex B (informative) Mean conductor temperature and resistance ............cc.ccoeeiiiiiiniineennn. 35
B.1 Methods for estimating mean conductor temperature and resistance .................... 35
B.2 Formulae to determine mean conductor temperature and resistance..................... 35
B.3 Application to the determination of an economic current range (see 5.1)............... 36
B.4 Application to the determination of an economic size of conductor (see 5.2) ........ 38
B Og AP Y - e e 40
Figure A.T — System layOuUt ... 28
Figure A.2 — ECONOMIC CUITENT FANGES ..u.iuiiiiii ettt e e e e aeenas 29
Figure A.3 — Variation of cost with conductor Size...........c.ocooiiiiiii 30
Table A.1 — Economic current ranges for cable sizes 25 mm2 t0 400 MM2 .....ooveeveeeeeee, 21

Documents

Document Sharing Hub

Full document details: 24/30485190 DC


http://www.avadocuments.com/doc/24-30485190-dc
http://www.avadocuments.com/doc/24-30485190-dc

IEC CD 60287-3-2 © IEC:2024 -3- 20/2151/CD

Table A.2 — SUMMAIY Of COSTS ..o e 25
Table A.3 — Cable details ... 25
Table A.4 — ECONOMIC [0@AING . ...t 26
Table A.5 — Current-carrying capacity Criterion .............cooiiiiiiiiiiii e 26
Table A.6 — Economic loading, standard conductor size for all sections — Standard size:

IO 0 T 72 27
Table A.7 — Economic loading, standard conductor size for all sections — Standard size:

185 MM 2 ..ottt 27
Table A.8 — Economic loading, standard conductor size for all sections — Standard size:

240 MIMZ. ..ottt 28
Table A9 — Cable details . ...cuuii i e 31
Table A.10 — Steady state current ratings ... 32
Table AT — Total COSTIS ..ttt e e e e 33
Table A.12 — Total cost versus anticipated operational life............c..cocoiii 33
Table A.13 — Losses versus anticipated operational life ...............ccoooii, 34
Table B.1 — Required data for conductor sizes for the above example .............cooiiiiiinnn. 36

Documents

Document Sharing Hub

Full document details: 24/30485190 DC


http://www.avadocuments.com/doc/24-30485190-dc
http://www.avadocuments.com/doc/24-30485190-dc

20/2151/CD -4 - IEC CD 60287-3-2 © |[EC:2024

2 INTERNATIONAL ELECTROTECHNICAL COMMISSION

3

4

5 ELECTRIC CABLES -

6 CALCULATION OF THE CURRENT RATING -

7

8 Part 3-2: Sections on operating conditions —

9 Economic optimization of power cable size

10

11

12 FOREWORD

13 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
14 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
15 international co-operation on all questions concerning standardization in the electrical and electronic fields. To
16 this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
17 Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
18 Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
19 in the subject dealt with may participate in this preparatory work. International, governmental and non-
20 governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
21 with the International Organization for Standardization (ISO) in accordance with conditions determined by
22 agreement between the two organizations.

23 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
24 consensus of opinion on the relevant subjects since each technical committee has representation from all
25 interested IEC National Committees.

26 3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
27 Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
28 Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
29 misinterpretation by any end user.

30 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
31 transparently to the maximum extent possible in their national and regional publications. Any divergence
32 between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
33 the latter.

34 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
35 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
36 services carried out by independent certification bodies.

37 6) All users should ensure that they have the latest edition of this publication.

38 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
39 members of its technical committees and IEC National Committees for any personal injury, property damage or
40 other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
41 expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
42 Publications.

43 8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
44 indispensable for the correct application of this publication.

45  9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the
46 subject of patent rights. IEC shall not be held responsible for identifying any or all such patent
47 rights.

48 EC 60287-3-4 has been prepared by IEC technical committee 20: Electric cables. It is an
49 International Standard.

50  This third edition cancels and replaces the second edition published in 2012. This edition
51 constitutes a technical revision.

52 This edition includes the following significant technical changes with respect to the previous
53 edition:
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54 ;The text of this International Standard is based on the following documents:

Draft Report on voting

20/XXIXXXX 20/XXIXXXX

55
56 Full information on the voting for its approval can be found in the report on voting indicated in
57 the above table.

58  The language used for the development of this International Standard is English.

59  This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
60 accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement,
61 available at www.iec.ch/members_experts/refdocs. The main document types developed by
62 IEC are described in greater detail at www.iec.ch/publications.

63 A list of all parts of the IEC 60287 series, published under the general title Electric cables —
64 Calculation of the current rating, can be found on the IEC website.

65 The committee has decided that the contents of this document will remain unchanged until the
66 stability date indicated on the IEC website under webstore.iec.ch in the data related to the
67 specific document. At this date, the document will be

68 e reconfirmed,
69 e withdrawn,
70 e replaced by a revised edition, or

71 e amended.

72
73

74

75

Documents

Document Sharing Hub

Full document details: 24/30485190 DC


https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
http://www.avadocuments.com/doc/24-30485190-dc
http://www.avadocuments.com/doc/24-30485190-dc

20/2151/CD -6 - IEC CD 60287-3-2 © |[EC:2024

76 INTRODUCTION

77 0.1 General part

78 The procedure generally used for the selection of a cable size leads to the minimum
79 admissible cross-sectional area, which also minimizes the initial investment cost of the cable.
80 It does not take into account the cost of the losses that will occur during the life of the cable.

81 The increasing financial and environmental cost of energy, together with the energy losses
82 which follow from conductors operating at high temperatures, requires that cable size
83 selection be considered on wider grounds. Rather than minimizing the initial cost only, the
84  sum of the initial cost and the cost of the losses over the anticipated operational life of the
85 system should be minimized. For this latter condition, a larger size of conductor than would be
86  chosen based on minimum initial cost will lead to a lower power loss for the same current.
87  This, when considered over its anticipated operational life, will reduce the energy losses and
88 the total cost of the system. Where thermal consideration dictates the use of the largest
89 practical conductor size, the installation of a second parallel cable circuit can result in a
90  reduction in the total cost over the life of the installation.

91 The formulae and examples given in this standard are arranged to facilitate the calculation of
92 the economic conductor size after factors such as system voltage, cable route, cable
93  configuration and sheath bonding arrangements have been decided. Although these factors
94  are not considered in detail, they have an impact on both the installation and operating costs
95 of a cable system. The effect of changing any of the above factors on the total cost over the
96  anticipated operational life of the system can be determined using the principles set out in this
97 standard.

98 Future costs of energy losses during the anticipated operational life of the cable can be
99 calculated by making suitable estimates of load growth and cost of energy. The most
100  economical size of conductor is achieved when the sum of the future costs of energy losses
101 and the initial cost of purchase and installation are minimized.

102  The saving in overall cost, when a conductor size larger than that determined by thermal
103  constraints is chosen, is due to the considerable reduction in the cost of the joule losses
104 compared with the increase in cost of purchase. For the values of the financial and electrical
105 parameters used in this standard, which are not exceptional, the saving in the combined cost
106  of purchase and operation is of the order of 50 % (see A.2.5). Calculations for much shorter
107 financial periods can show a similar pattern.

108 A further important feature, which is demonstrated by examples, is that the savings possible
109  are not critically dependent on the conductor size when it is in the region of the economic
110 value, see Figure A.3. This has two implications:

111 a) the impact of errors on financial data, particularly those which determine future costs, is
112 small. While it is advantageous to seek data having the best practicable accuracy,
113 considerable savings can be achieved using data based on reasonable estimates;

114 b) other considerations with regard to the choice of conductor size which feature in the

115 overall economics of an installation, such as fault currents, voltage drop and size
116 rationalization, can all be given appropriate emphasis, without losing too many of the
117 benefits arising from the choice of an economic size.

118  The formulae given in this standard are written for a.c. systems but they are equally
119  applicable to d.c. systems. Clearly, for d.c. systems, the d.c. resistance is used in place of the
120  a.c. resistance and the sheath and armour loss factors are set to zero.
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121 0.2 Economic aspects

122 In order to combine the purchase and installation costs with costs of energy losses arising
123 during the anticipated operational life of a cable, it is necessary to express them in
124 comparable economic values, that is values which relate to the same point in time. It is
125 convenient to use the date of purchase of the installation as this point and to refer to it as the
126  "present". The "future" costs of the energy losses are then converted to their equivalent
127 "present values". This is done by the process of discounting, the discounting rate being linked
128  to the cost of borrowing money.

129 In the procedure given here, inflation has been omitted on the grounds that it will affect both
130 the cost of borrowing money and the cost of energy. If these items are considered over the
131 same period of time and the effect of inflation is approximately the same for both, the choice
132 of an economic conductor size can be made satisfactorily without introducing the added
133  complication of inflation.

134 To calculate the present value of the costs of the losses it is necessary to choose appro priate
135 values for the future development of the load, annual increases in kWh price and annual
136 discounting rates over the anticipated operational life of the cable, which could be 25 years or
137 more. It is not possible to give guidance on these aspects in this standard because they are
138  dependent on the conditions and financial constraints of individual installations. Only the
139  appropriate formulae are given: it is the responsibility of the designer and the user to agree on
140  the economic factors to be used.

141 The formulae proposed in this standard are straightforward, but in their application due regard
142 should be taken of the assumption that the financial parameters are assumed to remain
143 unchanged during the anticipated operational life of the cable. Nevertheless, the above
144  comments on the effect of the accuracy of these parameters is also relevant here.

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

153 0.3 Other criteria

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

158  a) calculate the economic cross-sectional area;
159 b)) check by the methods given in |JEC 60287-1-1|, in JEC 60287-2-1 and in the IEC 60853

160 series that the size indicated by a) is adequate to carry the maximum load expected to
161 occur at the end of the economic period without its conductor temperature exceeding the
162 maximum permitted value;

163 c) check that the size of cable selected can safely withstand the prospective short-circuit and
164 earth fault currents for the corresponding durations;

165 d) check that the voltage drop at the end of the cable remains within acceptable limits;
166 e) check against other criteria appropriate to the installation.

167 To complete the field of economic selection, proper weight should be given to the
168 consequences of interruption of supply. It may be necessary to use a larger cros%wments
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169 conductor than the normal load conditions require and/or the economic choice would suggest,
170 or to adapt the network accordingly.

171 A further cost component may be recognized in the financial consequence of making a faulty
172 decision weighted by its probability. However, in doing so one enters the field of decision
173 theory which is outside the scope of this standard.

174 Thus, economic cable sizing is only a part of the total economic consideration of a system and
175 may give way to other important economic factors.

176 0.4 Environmental impact

177 When determining optimum size for a given circuit, consideration should also be given to
178  environmental impact. Based on the projected life of a circuit, the environmental impact of
179  operational losses may well outweigh all other impacts in the life cycle and may justify a
180 larger conductor size than that determined by economic factors alone. Further guidance can
181 be found in IEC 62125.

182
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183 ELECTRIC CABLES -
184 CALCULATION OF THE CURRENT RATING -
185
186 Part 3-2: Sections on operating conditions —
187 Economic optimization of power cable size
188
189
190
191 1 Scope
192  This part of IEC 60287 sets out a method for the selection of a cable size taking into account
193  the initial investments and the future costs of energy losses during the anticipated operational
194  life of the cable.
195 Matters such as maintenance, energy losses in forced cooling systems and time of day
196 energy costs have not been included in this standard.
197  Two examples of the application of the method to hypothetical supply systems are given in
198 Annex A.
199 2 Normative references
200 The following documents, in whole or in part, are normatively referenced in this document and
201 are indispensable for its application. For dated references, only the edition cited applies. For
202 undated references, the latest edition of the referenced document (including any
203 amendments) applies.
204 EC 60228, Conductors of insulated cables
205 EC 60287-1-1, Electric cables — Calculation of the current rating — Part 1-1: Current rating
206 equations (100 % load factor) and calculation of losses — General
207 EC 60287-2-1, Electric cables — Calculation of the current rating — Part 2-1: Thermal
208 resistance — Calculation of thermal resistance
209 IEC 60853 (all parts), Calculation of the cyclic and emergency current rating of cables
210 3 Symbols
211 The symbols used in this standard and the quantities which they represent are given in the
212 following list:

Al annual increase in /5, %

CaL constant component of cost per unit length related to cu/m

laying conditions, etc.
Cas variable component of cost per unit length related to cu/(m-mm?2)
conductor size

b annual increase in Cw, not covered by inflation %

Cs2 auxiliary quantity defined by Formula (16) -

ALLF annual increase in loss load factor %

C capacitance per core F/m

Full document details: 24/30485190 DC
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Cl
Cl(Ac)

cl,

cl,
cJ
cT
D

—-10 -

installed cost of the length of cable being considered

installed cost of a cable as a function of its cross-sectional
area

installed cost of the next smaller standard size of
conductor

installed cost of the next larger standard size of conductor
present value of the cost of joule losses during N, years
total cost of a system

demand charge each year

diameter of conductor, including screen, if any

diameter over insulation

system frequency

auxiliary quantity defined by Formula (10)

auxiliary quantity defined by Formula (27)

factor used in calculation of charging current losses
discounting rate used to compute present values

load as a function of time

charging current per unit length

maximum load in first year i.e. the highest hourly mean
value

cable length

period covered by financial calculations, also referred to as
"anticipated operational life"

number of circuits carrying the same type and value of
load

number of phase conductors per circuit

number of earthed sections in a single-core cable system
cost of one watt-hour at relevant voltage level

auxiliary quantity defined by Formula (8)

auxiliary quantity defined by Formula (28)

auxiliary quantity defined by Formula (9)

auxiliary quantity defined by Formula (29)

a.c. resistance of conductor per unit length (considered to
be a constant value at an average operating temperature,
see Clause 4)

cable a.c. resistance per unit length, including the effect of
}\41 and }\42, RL = RAV (1+ }\,1 and 7L2)

a.c. resistance per unit length of a conductor as a function
of its area, including the effect of A4 and A,

a.c. resistance per unit length of next smaller standard
conductor size, including the effect of A4 and i,

a.c. resistance per unit length of next larger standard
conductor size, including the effect of A4 and i,

a.c. resistance of sheath, or screen, per unit length
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Cu

Cu

Ccu

cu
cu

cu
cu/(W-year)
mm

mm

Hz

cu/W

%

A/m

Q/m

Q/m

Q/m

Q/m

Q/m

Q/m
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(considered to be a constant value at an average
operating temperature)

20/2151/CD

Ac cross-sectional area of a cable conductor mm?
Sec economic conductor size mm?2
t time h
to operating time at maximum joule loss h/year
T equivalent operating time at maximum loss, including h/year
dielectric loss
Uy voltage between conductor and screen or sheath \%
Wehe losses due to charging current in conductors W
Wehs losses due to charging current flowing in screen/armour W
Wy dielectric losses per unit length per phase W/m
Yp proximity effect factor, see -
Vs skin effect factor, see -
aso temperature coefficient of conductor resistance at 20 °C 1/K
B reciprocal of the temperature coefficient of resistivity of the K
conductor material at 0 °C. For aluminium = 228, for
copper p = 234,5
tan & loss factor of insulation -
&g is the relative permittivity of insulation -
A1, Ao sheath and armour loss factors, see -
LLF loss load factor, see the IEC 60853 series -
20 conductor resistivity at 20 °C, see 5.2 Q'm
0 maximum rated conductor operating temperature °C
Bu ambient average temperature °C
6. mean operating conductor temperature °C
213 The unit cu is an arbitrary currency unit.
214 4 Calculation of total costs
215 The total cost of installing and operating a cable during its anticipated operational life,
216 expressed in present values, is calculated as follows. Note that all financial quantities are
217  expressed in arbitrary currency units, (cu).
218 The total cost = CT = C/ + CJ (cu) (1)
219 where
220 Cl is the cost of the installed length of cable, in cu;
221 CJ is the equivalent cost at the date the installation was purchased, i.e. the present value,
222 of the joule losses during an anticipated operational life of N, years, in cu.

223 Evaluation of CJ

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