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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL CONSIDERATIONS SPECIFIC TO
INSULATED ELECTRICAL POWER AND CONTROL CABLES

FOREWORD

IEC 2019

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote

2)

3)

4)

5)

6)

7)

8)

9)

Internatignal Standard IEC 62125 has been prepared by IEC technical committee 20
cables.

international co-operation on all questions concerning standardization in the electrical and electroni

c fields. To

this engl and in addition to other activities, IEC publishes International Standards, Technical Spdcifications,

Technidqal Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred-t

b as "IEC

Publicafion(s)"). Their preparation is entrusted to technical committees; any IEC National Committeq interested

in the [subject dealt with may participate in this preparatory work. International, governmenta

and non-

governmental organizations liaising with the IEC also participate in this preparation. IEC~collabordtes closely

with the International Organization for Standardization (ISO) in accordance with conditions det
agreemgnt between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearlyl{as possible, an i
consensus of opinion on the relevant subjects since each technical committee has representati
interested IEC National Committees.

IEC Puplications have the form of recommendations for international use, and are accepted by IH
Committees in that sense. While all reasonable efforts are made to,ensdre that the technical con
Publicalions is accurate, IEC cannot be held responsible for thesWway in which they are used
misintefpretation by any end user.

In ordef to promote international uniformity, IEC National Committees undertake to apply IEC H
transpafently to the maximum extent possible in their national and regional publications. Any
betweeh any IEC Publication and the corresponding natiopal or regional publication shall be clearly
the lattg

=

IEC its¢lf does not provide any attestation of confarmity. Independent certification bodies provide
assessinent services and, in some areas, access»to IEC marks of conformity. IEC is not responsi
service$ carried out by independent certification ‘bodies.

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

No liabflity shall attach to IEC or its directors, employees, servants or agents including individual €
membefs of its technical committees.ahd“IEC National Committees for any personal injury, property
other dgmage of any nature whatsoever, whether direct or indirect, or for costs (including lega
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any|
Publicafions.

Attentign is drawn to the Normative references cited in this publication. Use of the referenced pul
indispepsable for the correct application of this publication.

Attentign is drawn te,the possibility that some of the elements of this IEC Publication may be thg
patent fights. IEC-shall not be held responsible for identifying any or all such patent rights.

ermined by

ternational
bn from all

C National
ent of IEC
or for any

ublications
divergence
ndicated in

conformity

ble for any

xperts and
damage or
fees) and
other IEC

lications is

subject of

: Electric

This first edition cancels and replaces |IEC TR 62125, published in 2007. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to
IEC TR 62125:2007:

a)
b)

c)

development of the document from TR to international standard;
inclusion of a methodology for LCA;

inclusion of a methodology for conductor size optimization.
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The text of this standard is based on the following documents:

FDIS Report on voting
20/1876/FDIS 20/1881/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until

the stabi

ity date indicated on the IEC web site under "http://webstore.iec.ch" in

related tq the specific publication. At this date, the publication will be

e reconffirmed,

e withd
e repla
e amen
A bilingu

awn,
ed by a revised edition, or
ded.

bl version of this publication may be issued at a later date.

the data

IMPORTANT - The 'colour inside' logo on the cover page of this publication in
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INTRODUCTION

The cable sector has, for many years, considered the impact of electric cables on the
environment with respect to their operating conditions. Transmission system operators,
distribution system operators, manufacturers, installers/contractors, users and authorities
have considerably increased their requirements to take into account the environmental impact
of electric cables.

IEC TC 20 regularly reviews its approach to the incorporation of environmental aspects into
standards for electric cables and their components. Environmental considerations should be
included in both design and redesign work with respect to the raw materials used, energy
consumption, emissions and generation of waste during production, end of life recycling or

disposal, andn=service }JUIfUIIIIaIIbU.

This docliment supersedes IEC TR 62125 published 2007, which intended to give agsistance
to writerd of standards within IEC Technical Committee 20, to take into account thg relevant
environmental aspects that are specific to electric cables in normal use.

This docliment is addressed to writers of standards, manufacturers and-users of powkr cables
to providé guidance when evaluating:

— the qualitative environmental impact (checklist approach), or
— the glantitative environmental impact (LCA approach)yand
— the eqpvironmental and energy cost-based conductor Size optimization (ECSO).
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ENVIRONMENTAL CONSIDERATIONS SPECIFIC TO
INSULATED ELECTRICAL POWER AND CONTROL CABLES

1 Scope

This document provides methodologies addressing environmental evaluation and

communi

It include

cation related to cables in normal use.

s an environmental checklist for power cables_the method for life r\yr\ln assessment

(LCA) an

The resu

2 Normative references

The follo
content

IEC 60287-3-2:2012, Electric cables — Calculationcof the current rating — Part 3-2: S¢
operating conditions — Economic optimization of power cable size

ISO 14040:2006, Environmental management — Life cycle assessment — Princi
framework
ISO 14044:2006, Environmental_management — Life cycle assessment — Requirem
guidelinels

3 Terms, definitions'and symbols

3.1 Te

3.1.1

life cycIT assessment

LCA

1 a methodology for conductor size optimization.

wing documents are referred to in the text in such atway that some or a

rms and definitions

ts obtained by applying such methodologies can be used for external comn;kmication.
Environmental communication can also include other topics, such as material-declar

ion.

| of their

onstitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of.the referenced document (le
any amemndments) applies.

including

ctions on

bles and

ents and

compilation and evaluation of the inputs, outputs and the potential environmental impacts of a
product system throughout its life cycle

[SOURCE: ISO 14040:2006, 3.2]

3.1.2

life cycle inventory

LCI

phase of life cycle assessment involving the compilation and quantification of inputs and
outputs for a product throughout its life cycle

[SOURCE: ISO 14040:2006, 3.3]
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3.1.3

life cycle impact assessment

LCIA

phase of life cycle assessment aimed at understanding and evaluating the magnitude and
significance of the potential environmental impacts for a product system throughout the life
cycle of the product

[SOURCE: ISO 14040:2006, 3.4]

3.1.4
life cycle thinking
LCT

consideration-of-allrelevant environmental Qcpnnfc Fllll"lhg the entire ||fnr\\]/r\|n of prnrh cts

[SOURCIE: IEC 62430:2009, 3.11]

3.1.5
reference flow
measure |of the outputs from processes in a given product system required to fulfil the function
expressed by the functional unit

[SOURCE: ISO 14040:2006, 3.29]

3.1.6
functiongl unit
quantified performance of a product system for use as’a reference unit

[SOURCIE: ISO 14040:2006, 3.20]

3.1.7
environment
surround|ngs in which a product or system exists, including air, water, land, natural rg¢sources,
flora, fauha, humans and their interrelation

Note 1 to gntry: "Environment"_in-this document means ecological environment. It does not refer to qurrounding
factors infldencing the cable (such) as humidity or temperature), nor to the business environment.

[SOURCE: IEC Guide 109:2012, 3.3, modified — Note 1 to entry has been added.]

3.1.8
life cycle

consecutjvésand interlinked stages of a product system, from raw material acqufsition or
generaticn—#em—naﬂ@—%eeeu-%—ﬁ-n&kdk—pe&d—r

[SOURCE: ISO 14040:2006, 3.1]

3.1.9

environmental impact of a product

change to the environment, whether adverse or beneficial, wholly or partially resulting from
the life cycle of a product

3.1.10

unit process

smallest element considered in the life cycle inventory analysis for which input and output
data are quantified

[SOURCE: ISO 14040:2006, 3.34]
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3.2 Symbols

asg temperature coefficient of conductor resistance at 1/K
20 °C (for copper: 0,003 93, for aluminium: 0,004 03)

o maximum rated conductor operating temperature °C

A ambient average temperature °C

O mean operating conductor temperature °C

AO temperature rise of conductor A¢ = (6, - 20 °C) °C

u loss load factor, see IEC 60853-1 -

Cat cost for ancillary materials and installation materials cufkm
(like conduits)

Ce cable cost including transportation cu/km

e initial cost of the cable being considered cu/km

Ci(coy) cost for CO, emission during mining, manufacturing, cu/km
transportation, installation and final disposal for a
certain conductor size

Ci1 initial cost of the next smaller standard size of cu/km
conductor

Cl1(coy) cost for CO, emission during;mining, manufacturing, cu/km
transportation, installation-and final disposal for the
next smaller size of conductor

Cio initial cost of the-next larger standard size of cu/km
conductor

Ci2(coy) cost for CO,temission during mining, manufacturing, cu/km
transportation, installation and final disposal for the
next larger size of conductor

C, present value of the cost of joule losses during N cu/km
years

Cy(coy) present value of the costs for CO, emission during cu/km
anticipated life time due to Joule losses

CL cable installation (including laying, removal and cu/km
disposal) cost

Ct life cycle cost cu/km

Crq life cycle cost for the next smaller size of conductor cu/km

Cro life cycle costs for the next larger size of conductor cu/km

cu arbitrary currency unit

Econy CO, emission of the cable of conventional size per CO,-kglyear

year during use phase
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EopT CO, emission of the cable of optimum size per year CO,-kg/year
during use phase

F auxiliary quantity defined by Formula (8) cu/W

f1 load factor

fo power factor (= cos ¢, ¢ being the phase angle
between voltage and current)

I maximum load current A

max

Lypper upper it of 75 A

Lower lower limit of 1,54 A

I CO, emissions during mining, manufacturing, €0,-kg/km
transportation, installation and final disposal

K CO, emission for generation of unit power to be CO,-kg/kWh
adjusted to the national situation

Kw Coefficient based on wiring system, e.g. 3 phase-3
wire kw = V3, for DC cables kw = 1

L cable length km

M coefficient for converting CO, emissions to cost CO,-cu/kg
to be adjusted to the national situation

N service life, a synonym (anticipated life time) year

Np number of loaded phase conductors -

P cost of one kilowatt-hour at relevant voltage level cu/kWh

R conductor;resistance of conductor per length Q/km
(considered to be a constant value at an average
opgrating temperature)

R, conductor resistance per length of the next smaller Q/km
standard conductor size

Ry condusctorresistanceper—tength-of-the-rextlarger Otkerr
standard conductor size

Royo conductor resistance at 20 °C per length, (ohm/km) Q/km

Reony AC resistance per length of the cable with Q/km
conventional size for AC system and DC resistance
per length of the cable with conventional size for DC
system

Ropti AC resistance per length of the cable with optimum Q/km

size for AC system and DC resistance per length of
the cable with optimum size for DC system

S cross-sectional area of a cable conductor mm?2
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Sy cross-sectional area of the next smaller standard mm?2
conductor size

Sy cross-sectional area of the next larger standard mm?2
conductor size
U system voltage \%
amount of power consumption per year kWh/year
conv distribution losses with the cable of conventional size kWh/year
Wopti distribution losses of the cable with optimum size kWh/year
Y annual operating days days

4 Genegral principles

The envifonmental impact of an electric cable shall be considered throughout all Jife cycle
phases: from design till end of life. This is called the concept of lifé.Cycle thinking.

There ar¢ various tools for the environmental evaluation of-thie products, for example

— a chgcklist approach, which is a qualitative consideration of the environmenta| aspects
relatgd to the life cycle steps of the product, i.e.'use of the checklist in accordance with
Clauge 5 and Annex A, that is based on IEC Guide 109 and specifically focused pn power
cabless;

— life cycle assessment (LCA), which is a sgientific tool providing a quantitative evaluation of
the epvironmental impact occuring duritrg the whole life cycle of the product, i.p. use of
the life cycle assessment in accordance with Clause 6 for assessmenf of the
envirpnmental impacts of a product.

The use| of LCA methodology is' recommended, as it provides quantified and| detailed
informatipn on product environmental impact. Nevertheless, considering the knowlg¢dge and
resource$ required to perform*LCA studies, the checklist might be acceptable, for injstance if
certain appects are considered without determining the complete environmental impact. This
choice hgs to be made depending on objectives and knowledge and resources availaple.

Apart from life cycle thinking, other approaches can be used, such as:

— ECSQ, altool (described in Clause 7) to evaluate and optimize the conductof size by
combjfining environmental and energy costs. ECSO is the optimization of the qonductor
size SO that the sum of the totalcosts and the conversion costs of CO; emissions

throughout the life phases (defined in 6.2.4) of the cable is minimized.

Environmental improvement shall be balanced against other factors, such as product function,
performance, health and safety, cost, marketability and quality, legal and regulatory
requirements and other standards.

5 Environmental checklist approach

5.1 What is the checklist approach?

The checklist approach is a simple method without quantification of the complete
environmental impact. It is a working aid to evaluate the cable design and the cable choice for
a certain application so as to find environmentally related aspects that may require
consideration. The lists in 5.2 and Annex A address key factors that have an impact on the
environment.
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It should be noted that considerations of the points in 5.2 and Annex A do not always lead to
reduction of the adverse environmental impact of the product throughout its lifetime: any
decision to improve one environmental indicator can impact negatively another indicator. A
possible way to confirm and quantify the environmental improvement is the use of the LCA
methodology described in Clause 6.

5.2 Checklist

The following list, which is in accordance with IEC Guide 109:2012, Annex A, addresses key
factors that may have an impact on the environment. Determine whether cable design and
cable choice for the application consider the following aspects:

— material conservation:

¢ m|nimal material content in the product;
. nimal material content in the packaging;
o nimal number of different materials;
bximum separability of different materials;
aximum recyclability of used materials;
e reusability of product parts and components;
e reusability and upgradability of the product as a whole;
e pgssibility of using recycled materials;
e pagssibility of using refurbished product parts and components;
e mj|nimal size of product;
e mj|nimal mass of product.
— energy conservation:
e m|nimal energy consumption during“the product's manufacture and operation;
e pqwer management, e.g. automatic switch to standby mode.
— pollutjon prevention:
e ayoidance of hazardous substances;
e ayoidance of substance emissions into the environment (air, water, soil);
e avoidance of othér’releases, e.g. radiation, noise, dust.
— avoidpnce of waste:

e mpdularity-allowing multiple use of components (e.g. common chargers for| different
applications).

Thls ||St 'O IIUt UI\hGuOtIVU; moTrc ;tUIIIO uuu:d bU addcd fUI OVUUII‘IU TCAdovVIlTo. Ik‘lut A\~ A Al Item On
the list will apply to every situation. Some more specific guidance related to electric cables is
given in Annex A.

6 Life cycle assessment (LCA) of cables

6.1 General

As recommended by IEC Guide 109, the basis of the assessment of product-related
environmental impact is life cycle thinking. The environmental impact of a product needs to be
evaluated by taking into account its whole life cycle, and by evaluating various environmental
indicators. LCA is a tool covering all life cycle stages (cradle to grave).

Figure 1 illustrates the elements in an LCA. An LCA shall be carried out in accordance with
the methodology of life cycle assessment (LCA) specified in ISO 14040 and ISO 14044.
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Some basic steps to conduct this life cycle assessment of power cables are described in 6.2
to 6.6.

It has to be noted that an environmental optimum may not coincide with the economical
optimum. LCA has to be seen as an evaluation tool to quantify the environmental impact and
is not related to economic aspects. Regarding economic consideration, other methodologies
can be applied, such as environmental life cycle cost (monetary expression, i.e. monetization
of environmental indicators) or ECSO (see Clause 7), which combine environmental and

economic aspects.

| p—

Goal and
scope of
definition

[Direct applications’s \
- Product development and
improvement

- Strategie.planning

\ 4

\ 4

Inventory Interpretation - Public-policy making
LCI - Marketing
\-Others J
Impact »
assessment
LCIA

—

\ / IEC

Figure 1 — Life cycle phases

6.2 Ggqal and scope
6.2.1 | CA study/goal

The goall and-scope of the LCA study should be clearly defined and be consistenf with the
intended [application of the LCA.

The following items shall be unambiguously stated:

— the intended application;

— the decision context (reason for carrying out the study);

— the intended audience, i.e. to whom the results of the study are intended to be
communicated.

6.2.2 Functional unit

The functional unit defines the quantification of the identified functions (performance
characteristics) of the product being considered. The purpose of the functional unit is to
provide a reference to which the inputs and outputs are related. This reference is necessary
to ensure comparability of LCA results.
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The functional unit shall mention:

the main function delivered to the user;
the quantified level of performance to be achieved by the main function.

For example, for a standard functional unit of power cables:

"To transmit energy expressed for x A over a distance of y km during n years at a b % use
rate, in accordance with the relevant standards...." or

"To transmit energy of x kWh over a distance of y km during n years at a b % use rate, in
accordance with the relevant standards...."

NOTE Use rate represents the operating time per year and can be expressed as

— th¢ % of annual operating days (in %);
— th¢ number of operating hours per year (in hours);

— th¢ number of operating days per year (in days).

Other fumctional units can be defined depending on the goal of the LCA”and the |intended

applicatign.

6.2.3 Reference flow

Each functional unit corresponds to a reference flow. Thig,reference flow describgs all the

needed flows to fulfil the functional unit and includes at least*a reference power cabld.

The referlence flow shall include:

6.2.4 Bystem boundary.

the gliantification of the reference product and’its mass (kg), used to fulfil the functional
unit;
the 4dditional materials not found in<the reference product that include waste and

discafded materials generated at each life cycle stage (manufacturing process], cutting,
instal|ation, etc.);

elemegnts, flows and processes.required to distribute, install, use (maintenance} repairs,
replagements...) remove, dismantle and treat the reference product.

The systé¢m boundary.describes the unit processes that are included in the LCA. Cqncerning
power cables, the main impacting life phases are known to be the manufacturing (of the raw

materials)) and the-tise phases of the cables.

The life ghases include:

the manufacturing phase with:

e raw material extraction and processing, transport of raw materials to the cable
manufacturer;

e cable manufacturing;

the transportation phase with the transportation of the power cable from the
manufacturer to the installation place;

the installation phase including processes, components and energy accounted for the
installation phase. Owing to the wide range of possible installation of these products, it
may be decided to exclude the installation phase from the life cycle assessment's
perimeter;

the use phase with the energy consumption related to cables losses and other impacts, if
any. The impact of the use phase will clearly describe the scenario used, such as cable
lifetime, cable load factor, conductor resistivity and current load of the conductor;
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— the end of life phase, including cable removal and transportation, as well as end-of-life
treatment (grinding, separation, landfill, recycling, energy recovery, etc.).

The LCA has to be composed by all the life cycle steps. The LCA methodology could be used
in some cases and for some reasons (for example, if it is required by a customer) to analyze
just some phases, for instance "cradle to gate" analysis that only takes into consideration raw
materials and cable manufacturing. This approach does not result in an LCA as such.

6.2.5 Cut-off criteria

Criteria for the exclusion of inputs and outputs shall not be applied to hide data. Any
application of the criteria for the exclusion of inputs and outputs shall be documented. The
cut-off criteria depend on the goal and scope definition and the boundary setting. Various cut-
off criterig may be used 1o decide Inpuis and ouiputs to be Included In the assessment, such
as weight, energy and environmental influence. The total of neglected inpui~<flows (for
example,| raw materials to manufacture the cable) shall be clearly identified. Moreover,
particulag care should be taken to include material and energy flows kpnown to have the
potential to cause significant emissions into air, water and soil in relation to)the envirpnmental
indicatorg of this document.

As an exgmple, the following cut-off criteria can be applied:

— the mlass of intermediate flows not taken into account shallbe less than or equal fo 5 % of
the miass of the elements of the reference product corresponding to the functional| unit;

— the epergy flows not taken into account shall be lessthan or equal to 5 % of the|total use
of primary energy during the life cycle of the reference product corresponding to the
functipnal unit.

6.2.6 Assumptions and limitations

Every aspumption made — if necessary begause of, for example, lack of data impgssible to
retrieve 4 should be clearly specified.

6.3 Lifle cycle inventory (LCI)
6.3.1 General

The life pycle inventory_inc¢ludes the collection of input data about resources, prgducts or
energy entering into the_process, as well as output data about product, material ¢r energy
flow that |eaves a process.

6.3.2 Data collection

The dataltocbe included in the LCA study shall be obtained for each process included in the
system betndary—For—each—tnit-process within—the—system—botundaries—inptuts—and outputs
related to the reference flow shall be collected including:

— consumption of materials, energy, water;

— emissions to air, water, soil;

— waste from the processes analysed.

The data gathered, whether they are measured, calculated or estimated, shall be used to
quantify the inputs and output flows of a process. If data cannot be collected directly on-site

(primary data), data can be obtained from high-quality and well-recognized databases
(secondary data).

Secondary data shall be identified and consistent with the scope of the study in terms of time-
related, geographic and technologic coverage. The databases used for the LCA shall be
mentioned in the LCA report.
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NOTE Examples of public database are:

— Ecoinvent database [1]1;
— European Life Cycle Database (ELCD) [2];
— U.S. Life Cycle Inventory Database (USLCI) [3].

6.3.3 Data selection

Specific or average data derived from specific production processes shall be the first choice
as a basis for the LCA study of power cables.

It is recommended that:

—  the collected flows should be a\/nrngnd Qver a Qllffir‘inhfl\ll Inng pnrind, prnfnrnhy over a

year, [to even out any seasonal peaks;

— the copllected data should be representative of a current scenario in terms‘\of ggographic
coverpge and technologic coverage. When data are collected from several'sites,| the data
shoulfl be collected from representative sites. The method used to aggfégate the multi-site
data (i.e. measurements taken on each site) and the rules applyingo the creation of data
sources should be documented in the LCA report.

6.3.4 Allocation procedure

Most indyistrial processes produce more than the intended_product. Normally, more [than one
input is rjeeded to produce one product and sometimes products are co-produced with other
products| When dealing with systems involving multiple{products, allocation rules ng¢ed to be
set up td share the inputs and outputs to each product. Several methods are described in
ISO 14044.

To allocate the consumptions of energy, materials, and water and emissions in air, water, soil
and wasle, it is necessary to apply a physical allocation rule being representative for the
parametdr, which shall be allocated to the-functional unit.

The phydical parameter of assignment of input and output flows may be for exampgle mass,
surface, for the number of units-produced according to what is suitable for the system of
productidgn. Allocation should be considered carefully and should be justified.

6.4 Lile cycle impact-assessment (LCIA)

It includg¢s the assignment of the LCI results to the selected impact categories| and the
potential lenvironmental impacts in each category.

The imth assessment methodology used to carry out the LCA should be clearly degcribed.

The impact assessment is carried out preferentially following the ILCD (International
Reference Life Cycle Data System) recommendations given in the ILCD handbook [4].

Regarding the global warming potential, this can be expressed in two possible ways:

a) by quantifying its impact with the "CO, equivalent" units, intended as the "mid-point
category" as potential direct impact to the environment;

b) by quantifying its impact up to the final damage to the "endpoint categories", for example:
damage to human health, environment, resource depletion.

The same two approaches can be followed for any other impact category used to evaluate the
LCA impact of the cable.

1 Numbers in square brackets refer to the Bibliography.
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6.5 Interpretation
The LCA interpretation shall include:

a) an interpretation starting with the identification of significant issues;

b) a description of the completeness (taking into account system boundaries and cut-off
criteria);

c) sensitivity and consistency checks.

The result should be interpreted taking into account the initial aim of the study.

If the aim of the study is the comparlson between aIternatlve cables the results |nterpretat|on
should bg 3 - i

Whilst if the aim of the study is the identification of the main impact elements._of g cable in
order to |[improve its environmental design (for example: what is the maeost.'impag¢ting raw
material? what is the most impact life cycle step — production, use 0r| other? ktc.), the
conclusidns should be structured consequently.

This medns that a strong result interpretation implies focusing oh‘the elements relevant for
the prodyct to be analyzed and for the objectives of the LCA.

For this feason, the interpretation is also feedback about~the quality of the LCA pérformed,
since it can make evident the need to review the study ¥efore releasing the definitive results,
allowing [for possible significant elements to be included in the LCA that could have been
neglected at first.

The intefpretation should also be carried out with the purpose of identifying the main
conclusidns to communicate in the LCA report:

As a matter of fact, the LCA results (after the "impact assessment" step) are repregented by
one or njore numbers and charts, dndicating how much the cable life cycle impac{s on the
environmlent. Those numbers are“often not very clear to non-expert readers. Therefore, they
should be¢ translated into final.conclusions by putting them through the "interpretatipon" step.
Such copclusions — in order to be communicated to the public — should beg defined
consistently with the basic aim of the study.

6.6 Sipgle envirohmental indicator approach

Usually, the single/’environmental indicator is obtained by weighting the resulting impacts (of
an LCA) pnd adding them up. The Weighting process consists in giving a weight of importance
to each
stating tha :
certain extent subjectlve) Therefore it is not recommended to evaluate or communicate on a
single environmental indicator as the comparison of single indicators between products can
lead to limited conclusions and promotion of products with a higher impact for a certain
environmental indicator that is considered less important at the moment, but that could
become more important in the future.

Nevertheless, if it is wished to consider and communicate a single environmental indicator, it
is necessary to evaluate the global environmental impact of the power cables by following a
full life cycle assessment methodology as described above, and to make a good interpretation
analysis to be aware of what the single indicator means. This will provide better knowledge on
the product and on its environmental impacts, and can avoid false conclusions on
environmental improvements between products.
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Moreover, the evaluation and communication of a single environmental indicator shall take
into account all life cycle stages to avoid pollution transfer between phases. When comparing
products, comparison should be made between at least the total life cycle and not only one
specific life phase.

Finally, when communicating on a single environmental indicator, an organization should try
its best to avoid misleading the public or customers.

7 Environmental and energy cost-based conductor size optimization - ECSO

71 Overview

Environnmental and energy cost-based conductor size optimization takes into aegount the
cable’s life phases’ costs and the reduction in power loss costs during the use phasg, and the
related dqosts of CO, compared to the conventional sizing of highly loaded” cables with

significarjt energy losses.

ECSO takes specifically into account:
— initial] cost of investment including manufacturing, transportation, installation pnd final

dispopal costs;
— cost fpr CO, emission during manufacturing, transportation, installation and final disposal;

— costs|for Joule losses during anticipated lifetime;
— costs|for CO, emission during anticipated lifetime.

At the time of writing of this document, the cost0f*CO, emissions might not adequatgly reflect

the envirpnmental effect of those emissions.-lt'is recommended that the customer prpvide the
cost of O, and Joule losses to be considered by the manufacturer when performing the

ECSO analysis.

This method is not an environmental impact evaluation; it may be used in additipn to the
checklist|or LCA approach.

7.2 Bdsic rules

ECSO ig the conducter size optimization so that the total costs Ct (broadly hased on
IEC 60287-3-2 costs and the conversion costs of CO, emissions throughout the life |of cable)
are minimized.

The potgntial return/benefit (scrap value) for recycling conductor material is alspp worthy
enough to be considered. It may be taken into account in the calculation of the initial cost
depending on the local situation.

It is recommended that the customer provide the scrap values for recycled conductor material
to be considered by the manufacturer when performing the ECSO analysis. Figure 2 shows
the total cost for a certain current load and indicates that, for conventional sizing, the cost
could be different to optimum sizing. Depending on the voltage range, conventional sizing can
take into account factors such as maximum current load (maximum conductor temperature),
voltage drop, and protection devices.
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Figure 2 — Life cycle costs for conductor size for a certain ‘current

The optinum current range (/jgyer t0 /ypper) for a certain conductor size S, so that fotal cost

Cr = (initjal cost + running cost) (see Equation (1)) can become /minimal, exists as per Figure
3 and is galculated in accordance with Equations (8) to (12). (Here life cycle cost includes the
costs of ¢onverted CO, emission throughout the life of cable:)

Cr=C + Cyco,) * Cy RCyco,) (1)

Iower Cam be determined by solving the equatign for the intersection of both the Jife cycle
costs of |the conductor size Sy and the conductor size S. In the same way, /,,,4- can be

determingd by solving the equation for thé intersection of both the life cycle costs of the
conductof size S and the conductor sizesS,.
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Figure 3 — Optimum current range for minimizing life cycle cost
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7.3 Factors

As described in 7.1 and 7.2, the optimum current range is influenced by many variable factors.
The factors used for the calculations of optimum current include, for example, the price of
conductor material, cable laying cost, service life, load factor, operating days, electricity
charge. They differ from one country/region to another and can be variable in time. So the
factors shall be determined carefully.

7.4 CO, evaluation

7.4.1 General

CO, emissions throughout the lifetime of the cable include all of those at each phase (raw
materials|, cable manufacturing, transportation, installation, use, removal and disposal).

7.4.2 CO, emissions during manufacturing, transportation, installation and final
disposal

CO, emigsions during manufacturing, transportation, installation and-final disposgl of each

cable shall be calculated by using the LCA methodology of Clause_6, or by using publically
available|inventory data.

7.4.3 CO, emissions at the use phase

CO, emissions at the use phase shall be calculated by using CO, emissiong for the
generatign of unit power (CO,-kg/kWh) in each country or state.

CO, emigsions at the use phase are overwhelmingly dominant in comparison to those at the
other phgses for highly loaded cables.

NOTE Acgording to experience in Japan, if, Oy emissions corresponding to Joule losses in a cable over 20 years
are equal [to 100, CO, emissions during_all the other stages/processes such as the extraction|processes/

transportatfon of raw materials, cable manufacturing, transportation of the cable to the installation site, |nstallation,
and disposfl is only 3 % in total. The weight % of the transportation is 2 % of the 3 % of the total, which|is equal to
0,06 %. Ths, it is easily understood-how big the weight of CO, to Joule losses is.

7.5 Cdlculation method
7.5.1 General

The calcdlationtjs a simplified method not taking into account inflation and discount rate.

7.5.2 Calculationof-initial cost

7.5.21 Initial investment

The calculation of initial investment is uses Equation (2):

C| = CC + CL + Caf (2)

All costs need to be adjusted to the national situation or circuit condition.
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7.5.2.2 Cost for CO, emissions during manufacturing, transportation, installation
and final disposal

CO, emissions during manufacturing, transportation, installation and final disposal of each

cable shall be calculated by using the LCA methodology of Clause 6, or by using publically
available inventory data.

CO, emissions during manufacturing, transportation, installation and final disposal are
converted to cost as given in in Equation (3);

Cicoz) = Iz XM (3)

7.5.3 Calculation of running costs
7.5.3.1 Costs for Joule losses during anticipated life time

The caldulation of costs for Joule losses during the anticipated lifetime is as |given in
Equation|(4):

Cy= Ny * Iyay® X R % P x 1073 (24 x yXN) x P (4)
7.5.3.2 Costs for CO, emission during anticipatedlife time (CJ(COZ))

The calcdlation of costs for CO, during anticipated life’time is given in Equation (5)

Cy(coz) = Np X Imax® X R P x 1073 x(24 x y xN) x K x M (5)

7.5.4 Conductor resistance

A simple|formula for making an-estimate of conductor operating temperature and pence its
resistance is as follows. This is based on observations of typical calculations that thg average
operatind temperature rise oftan optimum size of conductor, taken over its economicllife, is in
the regiop of one-third of the‘rise occurring with its maximum permissible thermal rating that is
basically|following the calculation conditions of IEC 60287-3-2 (see Equation (6)).

0 =(0-0,)13+0, (6)

The condugtorresistance R is shown as given in Equation (7).

Methods for more refined estimation of conductor temperature and resistance are given in
Annex B of IEC 60287-3-2:2012.

7.5.5 Optimum current

The calculation of the optimum current range is based on the considerations given in 7.2
using Formula (1) with reference to Figure 3. Ct4 shall be related to 1,5, Cto shall be

related to /e
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Simplifying Formula (4) and Formula (5) by using Equation (8):

F=Nyxpx1073x (24 x y x N) x (P + K x M) (8)
the calculation of Cy4 and Ct, is given by Equation (9) resp. Equation(10):
C11=Ci1 *+ Ciycoz) * Cu1 * Cyq(coz) (9)
= Ciy * Ciicon) ¥ Np * liower 2 % Ry x 1 x 1073 x (24 x y x N) x (P + K x M)
=€ €O Hower =1
C12= Cia* Cipcoz) * F * Iypper 2 X Ry (10)
The lowefr limit /i, is the current for which Ct = Crq; the upper limit-1 j,q, is the cpirrent for
which C1|= Ct,.(see Equation (11) resp. Equation (12))
Thereforg,
; ~ q+C|(C02)—(C|1+C|1(002)) (11)
lower = FX(RI—R)
; G2 +CI2(COQ)_(CI +C|(002)) (12)
upper Fx(R—Ry)
The optimum current range for(a conductor size S with resistance R is between J,,. and
[upper,
For MV and HV cables).the dielectric and metal sheath/screen losses have to be taken into
account. [Details aregiven in IEC 60287-3-2.
7.5.6 Dptimum conductor size
The optimum,current range is determined for all appropriate sizes in the product rangle greater
than the mméﬁw—mm—mmrﬁhmrm—ﬂw—lﬁaximum

load current I, is within its optimum current range (between lower limit and upper limit of

[max)'

7.5.7 Energy reduction related to the use phase of the cable

7.5.71

7.5.7.1.1

Calculation of reduction of energy consumption during use phase

General

The calculations by the application of the optimum size are are given in 7.5.7.1.2 t0 7.5.7.1.4.
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7.5.7.1.2 Amount of power consumption per year

The amount of power consumption per year is given by Equation (13)

W=kwxUXIpna %f1%fox1073x24xy (13)

7.5.71.3 Distribution losses per year
a) Conventional size:
To determine conventional size, current ratio (= actual current / current rating) is needed. The

value is to be adjusted to the circuit condition. The distribution losses of the cable with
conventional size per year shall be calculated using Equation (14):

114 2 xR

conv —

N,

p X1

max” X Roony X L X M % 1073 x 24 x y (14)
b) Optimum size:
The distfibution losses of the cable with optimum size per year shall be calculated using
Equation|(15):

W,

opti x L x i x1073%24 x y (15)

= 2
- Np X Imax x Ropti

7.5.71.4 Reduction of energy consumption during use phase

Difference of distribution losses for transmitted electricity per specific period (%) if given in
Equation|(16):

/4 LW oti
MMOO% (16)

7.5.7.2 Calculation of CO, emission
The calcdlations of CO, emission are given in Equation (17) and Equation (18);
a) Conventional size:

ECONV = Wconv x K (17)

b) Optimum size:

L

EoPTT = Mopti * & (18)

7.5.7.3 Reduction ratio CO, emissions during use phase
Reduction ratio of CO, emissions per year shall be calculated using Equation (19).
E. .
(1——“’“ jx100 % (19)
conv

7.6 Example

An example for calculating ECSO is presented in Annex B.

NOTE Supportive software can be developed on the bases of the formulas given.
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8 Environment-related communication

8.1

General

Communications relating to the environmental aspects of products can cover various topics
such as:

the composition and compliancy to legislation on substances;
the environmental impact of products (from the LCA results);
treatment of products at the end of their life;

information on the manufacturing process (existence of an environmental management
system);

the tgchnical specifications of products related to their emissions (impact in,cage of fire,
electromagnetic information).

An example of environmental communication related to the product, and covering some of the

topics abpve, is provided in Annex C.

The communication of environmental aspects in the supply chain is_interpreted and practised
by the agtors very differently. Nevertheless, some general principles can be standdrdized to

achieve reliable environmental communications.

8.2

Ggneral principles

ISO 14040 provides general principles to apply in environmental communication on|products
in order fo ensure reliable information to the customers. The basic principles that| shall be

applied afre:

envirpnmental communication on produgts shall be:

. tr\rthful, accurate and non-misleading,
e re]evant to the particular produet,
e sybstantiated;

envirpnmental communication shall be based on comprehensive scientific methodology
that produces results that'are accurate and reproducible

information concerning the procedure, methods and any criteria used should pe made
availdble;

the meaning of\any symbols or pictures shall be clear and relevant.

This implies_ that environmental claims that are vague and non-specific, puch as

"environmentally safe", "green" or "eco-friendly" shall not be used.

ISO 14020 is completed with additional standards that should be followed to ensure
transparent and reliable environmental communication, such as:

ISO 14021 on self-declared environmental claims (type Il environmental labelling), which
specifies requirements for self-declared environmental claims, including statements,
symbols and graphics, regarding products. It further describes selected terms commonly
used in environmental claims and provides a general evaluation and verification
methodology for self-declared environmental claims.

ISO 14024 on type | environmental labelling and the eco-logo. It establishes the principles
and procedures for developing type | environmental labelling programmes, including the
selection of product categories, product environmental criteria and product function
characteristics, and for assessing and demonstrating compliance.
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In any case, environmental claims shall comply with applicable laws and regulations. Various
national or international guides have been developed to ensure reliable environmental
communication and to respond to existing standards or legislation.

NOTE Examples of such guides are listed in the Bibliography [5], [6] and [7]:
8.3 Composition and compliancy to legislation on substances

Communication related to product composition (raw material, substances and concentration)
shall remain limited to non-confidential and non-proprietary information.

The composition of the different cable parts can only be provided if it remains general. For
instance, a cable can be described with the following information:

— alumihium or copper for the conductor;

— polyolefin, rubber and silicone for the insulation and sheath.

It is also| possible to provide additional specific information that could be |of interest for the
customer, such as "halogen-free" for instance.

IEC 62474 deals with material declaration for products of, and for, the electrgtechnical
industry. |It specifies the procedure relating to material declaration for products opérating in
and supglying the electrotechnical industry, as well as the, list of substances to defclare. As
this document goes beyond legislative obligation (list of substances to be declared, [reporting
of substdnces mass and percent), and considering ¢that, for cables, communiqation on
substancps is limited by confidential and proprietary information, IEC 62474 is not gpplicable
or might hot be recommended regarding material declaration.

Moreover, legislations (such as restrictions¥ on hazardous substances) can| require
communifation to customers on the presenge* of some specific substances and/or cpnformity
to restri¢tions or bans on substances.\'Such declarations can be provided within the
"composition" part of an environmental.communication.

8.4 Lifle cycle assessment

The resylts and conclusions. of the LCA should be reported in an adequate form to the
intended |audience, addressing the data, methods and assumptions applied in the sfudy, and
the limitations thereof.(1SO 14040:2006, Clause 4 and ISO 14044:2006, Clause § provide
informatipn on LCA stiidy reporting.

Specific fequirements need to be fulfiled when LCA studies support comparative ipsertions
intended [to be disclosed to the public.

4 A OO

Moreover,—a —specific —stamdard—(tSO1+4025)—as—beemr—devetoped—Tegarding— type IlI
environmental declaration related to the communication of LCA results. It specifies the
program and process to develop for environmental product declaration (EPD) and
requirements to communicate LCA results through EPD. To be compliant with ISO 14025,
type lll environmental declaration shall be based on product category rules (PCR) in order to
ensure a harmonized life cycle assessment methodology. Some PCRs already exist or are
under development for EEE products.

8.5 End of life

Environmental communication can focus on the information to provide to recyclers to ensure
the proper treatment of the cables at the end of their life in order to limit their impact on the
environment. IEC TR 62635 deals with end of life (EolL) information and provides a
methodology for information exchange involving EEE manufacturers and recyclers to enable
appropriate and optimized EoL treatment operations.
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Annex A
(informative)

Checklist for the checklist approach

Preliminary considerations

IEC 2019

1) Has it been checked before that there is no possibility to adopt, with slight amendments, a
cable_design already existing, and for which environmental aspects have already been

taken into consideration?

2) Has [he raw material production been considered and evaluated for_(envirpnmental

consfraints?

A.2 Design considerations

1)

2)

3)

4)

A3

1)

2)
3)

Has if been considered to choose a conductor with the lowest.enérgy consumption and/or

lowegt CO, emission during manufacturing of the product?

the
(para

onsideration also taken into account the environmental impact of such
eters such as collection conditions, regeneration cycle, quality of the

recycling
recycled

Has Cl[? possibility to use recycled materials been consjdered, for instance as fillers? Has

matefial, losses, energy consumption, substitutionrate) without affecting the cabje safety,

relialility and cost?

Has ¢onsideration been given to lists of internationally, regionally or nationally

um within all parts and components;of the cable?

egulated

nces, so that those for which restrictions apply can be avoided or redyced to a

been checked that the compenents do not release hazardous substances into the

envirpnment during raw material production, manufacturing of the cable, cable in use and

Has it been considered to minimize the number of different materials in the cabl
withopt affecting the safe operation of the cable, its reliability and cost?

Production considerations

ted from
t waste

e design,

Has reference been made to the use of an environmental management system, such as

ISO 14001, for production?
Has efficient use of energy and resources been considered?

Have measures for reduction of emissions and waste been considered?
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A.4 Considerations for use and end of life phase

1)

2)

3)

4)

5)

If a change in a product is also considered to give a change in the environmental
constraint, have measures been taken to give information to the market regarding the
constraints of the products already in stock or on the market?

Has information been given to the wuser on the fact that the choice of
transmission/distribution voltage and the conductor cross-section will seriously influence
the current transmission losses?

Has information been given how to recover/recycle the components/materials in the cable
at end of life of the product (which may be many decades), including the possibility of
energy exploitation?

Has consideration been given to waste management of any packaging associated with
transportation of the cable, including the material and the size of cable drums?

Has gonsideration been given to minimize the energy with regard to cable transpdrtation?
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Annex B
(informative)

Example for ECSO

B.1 General

Annex B helps the user calculate ECSO. Please note that some assumptions are introduced.
"cu" stands for an arbitrary currency unit.

B.2 Cable-data

a) Cablg standard: IEC 60502-1

b) 0,6/1kV XLPE insulated PVC sheathed power cable (3 cores)

B.3 Calculation condition

a) Installation In air

b) Wiring system 3'phase — 3 wire
c) Ambient temperature (6,) 30 °C

d) Maximum load current (/,,,) 100A

e) Currefnt ratio (maximum load current/current rating,) 0,50

f) Loss-Joad factor (u) 0,64

g) Load ffactor (f;) 0,8

h) Power factor (f,) 0,8

i) Syste[m voltage (U) 200V

j) Max permitted conductor temperature (6) 90 °C

k) Annual operating days (y) 300 (days)

[) CO:2 gmission for generation of unit power (K) 0,45 (CO,-kg/kWh)
m) Electficity charge (P) 0,13 (cu/kWh)
n) Coeff|cient for ¢onverting CO, emissions to cost (M) 0,010 (cu/CO,-kg)
0) Cablg lengthx(7) 0,15 km

p) Fregyency 50 Hz

q) Servicetife{(™) 20years

Country related figures are selected arbitrarily.

Conventional size is 70 mm?2. To find the optimum size, the calculations in B.4 are carried out.
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B.4 Initial cost

B.4.1 Initial investment

—29_

C| = CC + CL + Caf (CU/km)

3C70

3C 95

mm?2:

mm?2:

3C 120 mm?2:

C=Cc* CL+ Cy
C=Cc* CL+ Cy

C =Cc* CL+ Cy

220449 + 17586 + 8 772 = 46 807 (cu/km)

227757 + 22761 + 8 772 = 59 290 (cu/km)

235054 + 25239 + 8772 = 69 065 (cu/km)

3C 15

3C 18

D mm?2:

5 mm?2:

C=Cc* CL+ Cy

C=Cc* CL+ Cy

243826 + 26296 + 8772 = 78 894 (cu

252269 + 31362 + 8772 =92 403 (cu

Assumption: the same ancillary material is used.

B.4.2

Cico,) | 1z * M (culkm)
3C 70|mm2: Cyco,) = Iz x M
3C 95|mm2: Cy(co,) = Iz X M
3C 12p mm2: Cycp,) = Iz * M
3C 15p mm2: Cyco,) = Iz'X M
3C 186 mm2: Cycoy = Iz X M

B.4.3 Initial cost (sum)

27421 x05010

29904 x 0,010

212418 x 0,010

215517 x 0,010

219047 x 0,010

= 46 807 + 74,21

Conversion of CO, emissions during material/cable production, removal,
transportation and disposal to cost

74,21 (cu/km)

99,04 (cu/km)

124,18 (cu/km)

155,17 (cu/km)

190,47 (cu/km)

46 881,21 (cu/km)

3C 120 mm2: €| +Cyco,)

= 59290 + 99,04

= 69065 + 124,18

= 78894 + 155,17

= 92403 + 190,47

59 389,04 (cu/km)

69 189,18 (cu/km)

79 049,17 (cu/km)

92 593,47 (cu/km)

km)

km)
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B.4.4 Conductor resistance

Om = (0 0a) /3+ 602 > [(90 - 30)/3 +30]°C = 50 °C
A6 = Om - 20 °C = (50 - 20) °C = 30 °C

AC Conductor resistance:

3C 70 mm2: R = Rop % (1 + any *x AG) 0,269 x (1 + 0,003 93 x 30) = 0,301 (ohm/km)

4
I

3C 95mmm—R—= Rog =t

—5

Aedd ) A Wal O-4 Ld fa NN aVaVallaVal 2.0\ L0047 L
050 AU >0+ =(++0;66393=36—0;2t7Fftohm/km)

3C 12D mm2: R = Ryg x (1 + apg x AG) 30,154 x (1 + 0,003 93 x 30) = 0,172 (ohm/km)

3C 150 mm2: R = Ryg x (1 + apg x AG) 30,125 x (1 + 0,003 93 x-36) = 0,140 (ohm/km)

3C 185 mm2: R = Ryg x (1 + apg x AG) 30,101 x (1 + 0,008993 x 30) = 0,113 (ohm/km)

B.5 Calculation of running costs

B.5.1 Costs for Joule losses during anticipated life time

3C 70|mm2: C; & 3 x 1002 x 0,301 x 0;64'x 1073 x( 24 x 300 x 20) x 0,13 =
108 187 (cu/km)

3C 95|mm2: C; & 3 x 1002 x 0,247 x 0,64 x 1073 x( 24 x 300 x 20) x 0,13 =
77 99% (cu/km)

3C 12p mm2: C; > 344002 x 0,172 x 0,64 x 1073 x( 24 x 300 x 20) x 0,13 =
61 821 (cu’km)

3C 15p mm2:.Cy)=> 3 x 1002 x 0,140 x 0,64 x 1073 x (24 x 300 x 20) x 0,13 =
50 319 (cu’km)

3C 185 mm?2: C, > 3 x 1002 x 0,113% 0,64 x 10°3 x (24 x 300 X 20) X 0,13 =
40 615 (cu/km)

B.5.2  Costs for CO, emission during anticipated life time

3C 70 mm?2: Cyco, @ 3 1002 x 0,301 x 0,64 x1073 x (24 x 300 x 20) x 0,45 x 0,010
= 3 745 (cu/km)

3C 95 mm?2: Cyco, @ 3 1002 x 0,217 x 0,64 x 1073 x (24 x 300 x 20) x 0,45 x 0,010
= 2 700 (cu/km)
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