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Executive Su mmary

EXECUTIVE SUMMARY

VITO is performing the preparatory study for the new upcoming eco -design directive for
Energy -related Products (ErP) related to power cables, on behalf of the European
Commission (more info http://ec.europa.eu/enterprise/policies/sustainable -

business/ecodesign/index_en.htm ).

In order to improve the efficient use of resources and reduce the environmental

impacts of energy -related products the European Parliam ent and the Council have
adopted Directive 2009/125/EC (recast of Directive 2005/32/EC ) establishing a
framework for setting Ecodesign requirements (e.g. energy efficiency) for energy -

related products in the residential, tertiary, and industrial sectors . It prevents disparate
national legislations on the environmental performance of these products from
becoming obstacles to the intra -EU trade . Moreover the Directive contributes to
sustainable development by increasing energy efficiency and the level of protection of

the environment, tak  ing into account the whole life cycle cost. This should benefit both
businesses and consumers, by enhancing product quality and environmental protection

and by facilitating free movement of goods across the EU. It is also possible to
introduce binding info  rmation requirements for components and sub -assemblies.

The MEEr P methodology (Methodology for the Eco -design of Energy -Related Products)
allows the evaluation of whether and to which extent various energy -related products
fulfil the cri teria established by the Er P Directive for which implementing measur es
might be considered. The MEEr P model translates product specific information, covering

all stages of the life of the product, into environmental impacts (more info
http://ec.europa.eu/enterprise/policies/sustainable -
business/ecodesign/methodology/index_en.htm ).

The tasks in the MEErP entail:

Task 1 - Scope (definitions, standards and legislation);

Task 2 T Markets (volumes and prices);

Task 3 T Users (product demand side);

Task 4 - Technologies (product supply side, includes both BAT and BNAT);

Task 5 T Environment & Economics (Base case LCA & LCC);

Task 6 T Design options;

Task 7 T Scenarios (Policy, scenario, impact and sensitivity analysis).

Tasks 1 to 4 can be performed in parallel, whereas 5, 6 and 7 are sequential.

Task 0 or a Quick -scan is optional to Task 1 for the case of large or inh omogeneous
product groups, where it is recommended to carry out a first product screening. The
objective isto re  -group or narrow the product scope, as appropriate from an ecodesign
point of view, for the subsequent analysis in tasks 2 -7.


http://ec.europa.eu/enterprise/policies/sustainable-business/ecodesign/index_en.htm
http://ec.europa.eu/enterprise/policies/sustainable-business/ecodesign/index_en.htm
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CHAPTER 1 TASK1 - SCOPE

Objective : This task classifies and defines the energy -related product group power
cables and set s the scene for the rest of the tasks. The product classification and
definition should be relevant from a technical, functional, economic and environmental

point of view, so that it can be used as a basis for the whole study.

It is important to define the products as placed on the Community market. This task
consists of categorization of power cables according to Prodcom categories (used in
Eurostat) and to other schemes (e.g. E N standards), description of relevant definitions

and of the overlaps with the Prodcom classification categories, scope definition, and
identification of key parameters for the selection of relevant products to perform

detailed analysis and assessment duri ng the next steps of the study. This task will also
classify power cables into appropriate product categories  while providing a first
screening or quick -scan of the volume of sales and st ock and environmental impact for
these products.

Further, harmonized test standards and additional sector -specific procedures for
product -testing will be identified and discussed, covering the test protocols for:

A Primary and secondary functional performance parameters (Functional Unit) ;

A Resource use (energy, etc.) durin g product -life;

A Safety (electricity, EMC, stability of the product, etc.) ;

A Other product specific test procedures.

Finally, this task will identify existing legislations, voluntary agreements, and labelling
initiatives at the EU level, in the Member St ates, and in the countries outside the EU.

Summary of Task 1

In brief the scope of the study is: 6l osses in installed power, cabl es
the power cable being the product put into service by the electrical installer in a circuit
of an electric al installation in a building . The electrical installation i tself is considered as

its system environment and/or the extended product scope, meaning that it will be
analysed at the level needed related to cable losses.

The electrical inst allation is taken into account as a system . In this context the
proposed primary functional performance parameter is Gcurrent - carrying capacity a

Losses in installed power cables in buildings are directly related to the loading.

Therefore nine functional categories of cable circuits were defined,

i.e. dighting § ®ocket-o ut | and @ledicated 6 circuits inthe 6r esi dethet o maé¢dyvi ceso
and the 6 i n d u settory 0

A first screening estimated losses in the services and industry sector about 2% while
losses in the residentia | sector seems to be much lower (<0.3 %) . This is because
circuits in  residential buildings are in general much shorter and have relative low
loading. Therefore it is proposed to focus in the subseq uent tasks on the services and
industry sector ci rcuits.

Relevant standards, definitions, regulations, voluntary agreements and commercial
agreements on EU, MS and 3 ™ country level are part of this task report. Important

10
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CHAPTER 1

secondary performance parameters are the d&Nominal Cross -Sectional Area (CSA )éand

i ts
standard

correspondi nDf reSistemocei mu2d°C (R20) 6 , wh i c Hefinedrire
IEC 60228 . For the performance electrical installation codes play an important

role and they can differ per member state.

11
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1.1 ProductS cope

1.1.1 Key methodological issue s related to the product scope definition

In t his task the classification and definition of the products should be based no tably on
the following categoriz  ations:
1 Prodcom category or categories (Eurostat);
1 Categories accordingto EN - or ISO -standard(s);
1 Other product -specific categories (e.g. labelling, sector -specific categories), if
not defined by the above.

Prodcom should be the first basis for defining the products, since Prodcom allows for

precise and reliable calculation of trade and sales volumes ( Task 2).

If the proposed product classification and definition relevant from a technical, economic

and environmental point of view does not match directly with one or several Prodcom
categories, the study should detail how the proposed product categories are mapped to
the Prodcom categories or the other categories mentioned above.

In particular customer  -made products, business  -to-business (B2B) products or systems
incorporating several products may not match with Prodcom categories. In these cases,

the sta ndalone or packaged products placed on the European internal market, to which
a CE mark is/could be affixed, should be defined. This may result in several Prodcom or

otherwise categoris ed products relevant for power cables

The above existing categoriz ~ ations are a starting point for classifying and defining the
products and can be completed or refined by other relevant criteria, according notably

to the functionality of the product, its environmental characteristics and the structure of

the market where th e product is placed. In particular, the classification and definition of

the products should be linked to the assessment of the primary product performance
parameter (the "functional unit").

If needed, a further segmentation can be applied on the basis of secondary product
performance parameters. This segmentation is based on functional perfor mance
characteristics, and not on technology .

Where relevant, a description of the energy systems affected by the energy -relat ed
products will  be included, as this may influence the definition of the proposed product
scope.

The resulting product classification and definition should be confirmed by a first
screening of the volume of sales and trade, environmental impact and potential for
improve ment of the products as referred to in Article 15 of the Ecodesign Directive.

Also information on standards, regulations, voluntary agreements and commercial
agreements on EU, MS and 3 ™ country level should be considered when defining the
product(s) (sect ion 1.3.1).

12



CHAPTER 1
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Important d efinitions and terminology i n electrical installations

Important  definitions and terminology i n electrical installations (IEC 60050 , IEC
Electropedia Area 461) are :

il

Low Voltage (IEV 601 -01-26/ Fr: basse tension / De: Niederspannung): a set of
voltage levels used for the distribution of electricity and whose upper limit is
generally accepted to be 1 000 V a.c ;

Electrical installatio n (IEV 826 -10-01 / Fr: installation électrique / De:
elektrische Anlage): assembly of associated electric equipment having co -
ordinated characteristics to fulfil specific purposes ;

(Electric) circuit  (of an electrical installation) (IEV 826 -14-01 / Fr: ci rcuit
(électrique) (d'installation électrique) / De: Stromkreis (einer elektrischen

Anlage)): assembly of electric equipment of the electrical installation protected

against overcurrents by the same protective device(s) ;

Cable (IEV 151-12-38 / Fr: cable / De: Kabel): assembly of one or more
conductors (and/or optical fibres), with a protective covering and possibly filling,
insulating and protective material;

Cord (IEV 461 -06-15 / Fr: cordon / De: schnur): flexible cable with a limited
number of conducto rs of small cross -sectional area ;

Core (or insulated conductor) (IEV 461 -04-04 / Fr: conducteur (isolé) / De:
ader): assembly comprising a conductor with its own insulation (and screens if

any) ;

Conductor (of a cable) (IEV 461 -01-01/ Fr: conducteur (d'u n cable) / De: Leiter
(eines kabel): conductive part intended to carry a specified electric current ;

Wire (IEV 151 -12-28/ Fr: File / De: draht): flexible cylindrical conductor, with

or without an insulating covering, the length of which is large with res pect to its
cross - sectional dimensions

Note i The cross -section of a wire may have any shape, but the term "wire" is

not generally used for ribbons or tapes;

Socket -outlet (IEV 442 -03-02 / Fr: socle de prise de courant/ De: Steckdose):
an accessory having socket -contacts designed to engage with the pins of a plug
and having terminals for the connection of cables or cords ;

Circuit -breaker (IEV 441 -14-20 / Fr: disjoncteur / De: Leistungsschalter): a
mechanical switching device, capable of making, carrying and breaking currents

under normal circuit conditions and also making, carrying for a specified time

and breaking currents under specified abnormal circuit conditions such a s those
of short circuit ;

Flexible conductor  (IEC Electropedia Area: 461 ). stranded conductor having
wires of diameters small enough and so assembled that the conductor is suitable
for use in a flexible cable ;

Insulated cable (IEC Electropedia Area: 46  1): assembly consisting of:
0 One or more cores,
o their covering(s) (if any),
o assembly protection (if any),

13
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0 protective covering(s) (if any).
Note T Additional uninsulated conductor(s) may be included in the cable ;

Insulation of a cable (IEC Electropedia Are a: 461): assembly of insulating
materials incorporated in a cable with the specific function of withstanding
voltage ;

Screen of a cable  (IEC Electropedia Area: 461 ): conducting layer or assembly of
conducting layers having the function of control of the elect ric field within the
insulation.

Note T It may also provide smooth surfaces at the boundaries of the insulation

and assist in the elimination of spaces at these boundaries;

Shaped conductor _ (IEC Electropedia Area: 461): conductor the cross -section of
which is other than circular ;

Armour (IEC Electropedia Area: 461): covering consisting of a metal tape(s) or
wires, generally used to protect the cable from external mechanical effects ;

Sheath /jacket (North America) (IEC Electropedia Area: 461): u niform and

continuous tubular covering of metallic or non -metallic material, generally
extruded

Note i The term sheath is only used for metallic coverings in North America,
whereas the term jacket is used for non -metallic coverings ;

Shielding conductor _ (IEC Electropedia Area: 461 ): separate conductor or single -
core cable laid parallel to a cable or cable circuit and itself forming part of a

closed circuit in which induced currents may flow whose magnetic field will

oppose the field caused by the current in th e cable(s) ;

Shield of a cable (IEC Electropedia Area: 461): surrounding earthed metallic
layer which serves to confine the electric field within the cable and/or to protect

the cable from external electrical influence

Note 1 i Metallic sheaths, foils, br aids, armours and earthed concentric
conductors may also serve as shields.

Note 2 T In French, the term "blindage" may be used when the main purpose of

the screen is the protecti  on from external electrical influence;

Single -conductor cable or single  -core cable (IEC Electropedia Area: 461): cable
having only one core

Note T The French term «céble unipolaire» is more specifically used to deS|gnate

the cable constituting one of the phases of a multiphase system ;

Solid conductor _ (IEC Electropedia Area:  461): conductor consisting of a single
wire ;
Note 7 The solid condu ctor may be circular or shaped;

Stranded conductor (IEC Electropedia Area: 461): conductor consisting of a
number of individual wires or strands all or some of which generally have a
helical form

Note 1 T The cross section of a stranded conductor may be circular or otherwise
shaped.

Note2 i The ter m st r asedi@desigeatea kirgle wite;

Wire strand _ (IEC Electropedia Area: 461): one of the individual wires used in the
ma nufacture of a stranded conductor
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CHAPTER 1

1.1.2 Contextof power cables within buildings
installation

and the ir electrical

Power cables are used to transport electrical power either inside buildings or in

electrical distribution grids outdoor.

This study will focus on electrical installations within buildings and behind the
-2014 * and the Consultation
Forum (CF-2012 -02-EC) regarding power cables . In the working plan and at the
Consultation Forum  (CF-2012 -02-EC) i t was explained that this product group concerns
cables within domestic and industrial buildings . A rational e for this is that electrical
distribution and transmission networks are another market segment with other
functional product requirements and players. Cables in distribution are a product group
very close to power transformers who are already advanced within the ErP directive

electrical meter . This isin line with the working plan 2012

process.

Power cables within buildings can be clearly separated from distribution power cables

by product related standards, primarily by its voltage

, but also by earthing an

electrical armour  requirements. Voltage levels used in electrical power cables are
1 High Voltage (HV) : voltage whose nominal r.m.s. value lies above 35kV
1 Medium Voltage (MV): voltage whose nominal r.m.s. value lies above 1kV and

below 35 kV (EN 50160)

1 Low Voltage (LV): voltage with a maximum of 1000Vac (IEV 601

EN50160 ).

Low voltage (LV) being the scope of the end application within electrical power
installations within buildings and therefore defining the proposed scope of this study.

Different _partsofa LV power cable

Basically a cable consists of one or more ¢ onductors ( a

ficoreo is an i

d

-01-26 /

nsul

insulation material of the conductors , aninner sheath and an over sheath (Figure 1-1).

4 3 - 1 1. Solid Copper conductor

| | 2. Insulation of the conductor
S—wem——= 3. Inner sheath

4. Over sheath

Figure 1-1: A typic al LV cable

Depending on the application (installation method, voltage
conditionseé) an additional me
shield can be present  (Figure 1 -2).

1

level, environment

al

at e

chanical protective

http://ec.europa.eu/enterprise/policies/sustainable -business/documents/eco - design/working

plan/
2 http://ec.europa.eu/enterprise/policies/sustainable

-business/ecodesign/product

groups/index_en.htm

15


http://ec.europa.eu/enterprise/policies/sustainable-business/documents/eco-design/working-plan/
http://ec.europa.eu/enterprise/policies/sustainable-business/documents/eco-design/working-plan/
http://ec.europa.eu/enterprise/policies/sustainable-business/ecodesign/product-groups/index_en.htm
http://ec.europa.eu/enterprise/policies/sustainable-business/ecodesign/product-groups/index_en.htm

=

©O© 0o ~NOO O h~hW

10
11
12
13
14
15
16
17
18
19
20

21

22
23
24
25
26
27
28
29

List of Acronyms

Conductor
Insulation
Filler

Inner sheath

Shield

Oversheath/outer sheath

Figure 1-2: Different parts of a LV cable

The different parts of a typical LV cable are:

1

Conductor : conductive part intended to carry a specified electric current (IEV

461 -01-01). The basic material of the conductor is copper or aluminium . The
conductor can be solid or flexible, depending on the application. Copper has a
higher electrical conductivity than aluminium, aluminium has a lower weight
density (see Table 1). Copper is the most used conductiv e material in wirings in
buildings whereas aluminium is e.g. most used for overhead lines. A LV cables
may contain one or more conductors (cores) : earthing conductor , phase
conductors, neutral conductor) . The earthing conductor is sometimes not
present in the electrical distribution, for example when TT earthing systems are

used.

Table 1-1: Properties of Copper and Aluminium

Property Copper (Cu  -ETP) Aluminium (1350)
Electrical conductivity  at 20°C
MS/m] /[% IACS ] 58 /100 35 /61
Thermal conductivity at 20°C
[W/mK] 397 230
Density
[glcm?] 8.89 2.7
9 Insulation : assembly of insulating materials incorporated in a cable with the
specific function of withstanding voltage (IEV 461 -02-01). Insulation material
can consist of thermoplastic compounds such as PVC (Poly Minyl Chloride), PE
(Polyethylene) ; thermosetting compounds such as XLPE (Cross -linked

Polyethylene), EPR (Ethylene Propylene Rubber ) or other synthetic or natural
materials.

3 JACS: International Annealed Copper Standard
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1 Filler: This material is used in multi conductor cables to occupy interstices

between insulated conductors . The filler material shall be suitable for the
operating temperature of the cable and compatible with the insulating material.

Sheath: Uniform and continuous tub ular covering of metallic or non -metallic
material, generally extruded (IEV 461 -05-03). PVC (Poly Vynil Chloride), PE
(Polyethylene); thermosetting compounds such as XLPE (Cross -linked

Polyethylene), EPR (Ethylene Propylene Rubber) or commonly used.

Armour _ (Protective cover) : covering consisting of a metal tape(s) or wires,
generally used to protect the cable from external mechanical effects (IEV 461 -
05-06) (see Figure 1-2). This is not often used in electrical power cables within
buildings, it is mainly used in outdoor cables and in Low Voltage IT earthing
systems e.g. Norway *.

Conductor

f o —— Insulation
)

] 1 Bedding

' Armour

Sheath

Fillers

Figure 1-2: Anarmoured cable

Shield (of a cable) (Figure 1-3): surrounding earthed metallic layer which serves

to confine the electric field within the cable and/or to protect the cable from

external electrical influence (IEV -461-03-04) . This is a comm only used cable in
industry  (e.g. in areas with Electro Magnetic Interferences ). Sometimes this
cable is also used in residential buildings e.g. Sweden (Europacable)

Shield

4 See comments Europacable 1 first stakeho Ider meeting
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Figure 1-3: Ashielded LV cable

Copper is the most used conductive material in wirings in buildings. Besides the
electrical losses, t he use of copper , the insulation material and the method of
installation are the most significant environmental aspects related to power cables

Electrical losses in power cables

Cable electrical losses are  determinedby Oh mdés | aw o &nd préalse ¢aleed Joule

losses . The magnitude of these losses increases with the square of the load current and
electrical  resistance. As a consequence without loading

is proportional to the cable

there are no cable losses , hence the entire electrical installation system (e .g. way of
installation, load of the cable, duration of use, interfaces with a variety of electrical
equipment) needs to be considered . For instance there is a relation between the total
cable losses in an electrical installation and the topology of the electrical installation.

When designing circuits for lightin
1 Bus approach (e.g. DALI)
means of a local relay

1

1
point

The amoun t of cable used in an

central point by a dedicated cab
installation. The average load p
topology, therefore cables with a
design is calculated.

Electrical installations in buildings

g three different topologies are commonly used:
, where the switching is done near the lighting point by

Relays (interrupters) located in the distribution board resulting in a star topology
Traditional wiring, by means of a mechanical switch connected to the lighting

electrical inst allation depends among others on the kind
of topology that is applied. A star topology, connecting each individual appliance to a

le, will increase the total length of cable used in the
er cable decreases compared to a traditional or bus

smaller CSA could be used. In practice however, the
same cable sections are used as in other topologies, unless the electrical installation

Electrical installations in buildings are defined by the international standard IEC 60364
(cables) in the standards IEC 60227 and IEC 60245.

series and fixed wiring products
Electrical installation rules at

EU member state level are in general according to the

international and European standards , however there may exist deviations and/or
additional requirements at member state level. The above mentioned standards are

primar ily concerned with safety
with cross section areas beyond

aspects of the electrical installation. However cables
what is required for safe installations could lead to a

more economic operation and energy savings.

se

Cables are part of electrical circu its in electrical installations. The current -carrying
capacity is limited by circuit breake rs because of safety reasons . Electrical circuits
have socket -outlets or can be directly connected to loads, e.g. for lighting . The power

electrical installation system
Examples of one -line diagrams

are included in Figure 1-4 and Figure 1-5. The latter is a two

is typically described with a so -call ed|l 6@®redi®agr amd

can

of electrical circuits  with typical IEC component symbols

meaning that there is a main distributio n board with circuit breakers and a second
distribution board(box) with circuit breakers directly connected to the loads.

5 http://en.wikipedia.org/wiki/One

-line_diagram
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Figure 1-4: Simplified residential electrical diagram
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Figure 1-5: Simplified electr ical diagram with 2 circuit level s
1.1.3 Firstp roposed scope of this study
Given the context (see 1.1.2 ) the scope proposalisinsummary : 61 osses alled i nst
power cables in electric circuits in buildings after the meter 0 taking into
account the electrical installation as a system , the power cable being the product
put into service by the electrical installer in a circuit of an electrical installation in a

© o0o~NOO U b
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17
18
19
20

building.

The electrical installation including loads are taken into account at system level, this is
amongst others it means

explained in more detail in chapter 3

be analysed at the level needed related to cable losses

More in detail, the scope of t hi s
covers Low Voltage power cables for
in:

1 Residential

1 Non-residential

buildings ;
buildings :

fixed wiring  used in

that the installation will

lossesuird igstaliéd power cables in buildings
indoor electrical installations

The non -residential buildings can be further categorised as follow ( Ecofys ©):

- Public/commercial buildings:
o Trade facilities: Trade, retail, wholesale, mall
o Gastronomic facilities: Hotels, restaurants, pubs,

0 Health facilities: Hospitals, surgeries,..

% Ecofys report, Panorama of the European non -residential construction sector, 9 December 2011
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o Educational facilities: Schools, colleges, academies, universities,

nurseries,..
o Offices
o Other buildings: Warehouses, recreation fac

- Industrial buildings : factories , workshops, distribution centres & .

Remarks:
1 Industrial buildings can consist of production halls and attached or detached
offices. Both are in the scope of this study;
1 Process installations which are in general outdoor installations are out of the
scope.

Practically, the scope includes | ow voltage cables on the customer side  of the electricity
meter (utility cables are out of the scope) inside the above mentioned buildings . These
cables can be single core or multicore, s hi e | ddepgkiding on the application and on
the European and National wiring regulations.

Explanation of thet erms used in the scope:
T iLow voltageo: voltage with a mali2®umEurode 1000 Ve
the standard nominal voltage for public Low Volt age is Un=230Vac r.m.s with a
maximum variation of + 10% (see EN 50160). For four wire LV distributions
systems the voltage between phase and neutral is 230Vac rm.s and 400Vac
r.m.s between 2 phases.

T AFi xed wiringbo: refer t o tohtte cable in thekdildingf ieg.st al | a
enclosed in conduit, installed on acable tray, cable trunking, c¢
IEC 60364 -5-52, Table A.52.3)

f Ailnsul ated cablesd: assembly consisting of:
0 one or more cores,
o their individual covering(s) (if any),
o assembly protection (if any),
0 protective covering(s) (if any).
Note T Additional un -insulated conductor(s) may be included in the cable

T iSingle core cabl eso: cable having only one cor
o Note i The French term «cable unipolaire» is more specifically used to
designate the cable constituting one of the phases of a multiphase
system.
Remark: Further i n t hi s st ud ypowerhcea bw oerdidde uied as a general term

for single core or multi -core power cables, unless otherwise stated.

Out of the scope:

1 Losses in circuit breakers;

1 Losses or inefficiency in the loads connected to the circuit;

1 Losses due to poor connections ( AA recent study found that av
di stribution system | osses accounted for 2% of
Losses due t o poor connections represented one -third of these losses and
accounted for 40% of the savings after corrective actions were taken. (Source:

U.S. Department’; of Energyo)
9 Utility cables for transmission (HV) and distribution (MV,LV) of electrical energy;

" ECI Publicaton No Cu0192: APPLICAT ION NOTE INFRARED SCANNING FOR ENERGY
EFFICIENCY ASSESSMENT -Paul De Potter - January 2014
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1 Power cables for Nuclear power plants (require higher -quality cables that meet
stringent Nuclear Regulatory Commission standards) ;

1 Power cables for hazardous locations (in ATEX zones) ;

1 Cablesused for power plants such as PV, Wind , g.

1 Outdoor c ables: Cables used in process installations (e.g. chemical and
petrochemical plants ), railway cables,..;

1 Cables for mobile applications: (electric) cars, ships, metro, é

1 Busbar Trunking systems;

Out side of the

scope of Tasks 1-6, but in the scope of Task 7 for a review on

potential negative impact related to proposed policy measures (if applicable):
1 Some of the installation cables included in the scope of this study are also used
in other sectors like machinery construction for wiring inside machines.
Measur es on product level could as such have an impact on machine

construction.
1 Socket -outlets , junction boxes, cable installation systems (ducting systems,
trunking systems..), cable accessories, é,

f
f

Building design and construction
LV distribution  board

Out side of the scope of Tasks 1 -6, but in the scope of Task 7 for review on
potential loopholes related to proposed policy measures (if applicable)
9 utility cables, beitl ow Voltage, Medium Voltage and High Voltage utility cables

91 all the cables with a rated voltage above 1000Vac r.m.s,

f extra Low voltage (e.g. 24Vdc/ ac; 12Vacé)

1 connection of the electrical distribution board of the building to the LV
distribution grid (via a buried or overhead cable) ,

1 the electrical distri bution boards , internal wiring in the distribution boards ,
(smart) KWh -met er, RCDE

1 data cables (Ethernet cable, TV ..), telephone cables, lift cables, safety cables
(fire alarm..), , welding cables , instrumentation cable, ¢é In general these are
special purpose power cables which are not fixed wired (flexible lift cables) or
have very low load currents (cables to fire detectors, data cables..).

1 DC cables for PV installations

9 power cords of the electrical apparatus and the internal wiring of these
appara tus,

i buildng aut omati on systems, l'ighting control s

1.1.4 Prodcom category or categories
The only category found in Prodcom, related to the scope of this study, is the category

with N ACE code 27321380.

Table 1-2 ProdCom data

Prodcom
NACE code Description
27321380 Other electric conductors, for a voltage <= 1000 V, not fitted with connectors

22

cabl

é .

es



=

~No ok~ wWwN

10
11
12
13
14
15
16
17
18
19

20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

41

42
43
44
45
46

CHAPTER 1

1.1.5 Categories according to IEC, EN- orISO -standard(s)

Cables can be roughly divided into High voltage cables ( > 1kV ac) & Low voltage cables
(<1kVac). These are the topics of respectively Working Group 16 and Working Group
17 of IEC TC 20 (Electric Cables).

The following sections list IEC standards defin ing subcategories of cables according to
the field of application

1151 IEC60228

IEC 60228 AConductors of insulated cableso defines 4
- Class 1: solid conductor
- Class 2: stranded conductors
- Class 5: flexible conductors
- Class 6: flexible con  ductors which are more flexible than class 5

Whereas Class 1 and 2 conductors are intended for use in cables for fixed installation.
Class 5 and 6 are intended for use in flexible cables and cords but may also be used for

fixed installation.

Functional difference is the minimum bending radius which is expressed in x times the
outer diameter of the cable.

1.152 IEC60227 -1

The following classes and types are defined in |IEC 60227 -1: APol yvinyl chl ori
of rated voltage up to and including 450/750V i gener al requirementso:

0. Non-sheathed cables for fixed wiring.

01. Single -core non -sheathed cable with rigid conductor for general purposes
(60227 IEC 01).

02. Single -core non -sheathed cable with flexible conductor for general purposes
(60227 IEC 02).

05. Single -core non -sheathed cable with solid conductor for internal wiring for a
conductor temperature of 70 °C (60227 IEC 05).

06. Single -core non -sheathed cable with flexible conductor for internal wiring for a
conductor temperature of 70 °C (60227 IEC 06).

07. Single -core non -sheathed cable with solid conductor for internal wiring for a
conductor temperature of 90 °C (60227 IEC 07).

08. Single -core non -sheathed cable with flexible conductor for internal wiring for a
conductor temperature of 90 °C (60227 IEC 08).

1. Sheathed cables for fixed wiring.
10. Light polyvinyl chloride sheathed cable (60227 IEC 10).

1153 IEC60245 -1

IEC60245 -1: A Rubber i ns uil Rateccvdltagesiup to arsl including 450/750
Vi Partl:Gen er al requirementso defines the following cl

0 Non-sheathed cables for fixed wiring
03 Heat -resistant silicone insulated cable for a conductor temperature of maximum

23
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180 °C (60245 IEC 03).

04 Heat-resistant ethylene -vinyl acetate rubber insulated, single -core non -
sheathed 750 V cable with rigid conductor for a maximum conductor
temperature of 110 °C (60245 IEC 04).

05 Heat-resistant ethylene -vinyl acetate rubber insulated, single -core non -
sheathed 750 V cable with flexible conductor for a maximum conductor
temperature of 110 °C (60245 IEC 05).

06 Heat-resistant ethylene -vinyl acetate rubber or other equiva lent synthetic
elastomer insulated, single  -core non -sheathed 500 V cable with rigid conductor
for a maximum conductor temperature of 110 °C (60245 IEC 06).

07 Heat-resistant ethylene -vinyl acetate rubber or other equivalent synthetic
elastomer insulated, single -core non -sheathed 500 V cable with flexible
conductor fora maximum conductor temperature of 110 °C (60245 IEC 07).

1.1.6 Other product -specific categories

In general cables can be categorised according to their field of application or the
composition of the cable.

Categories according to the field of application (typically found in cable catalogue)
1 Energy (or power) cables: Cables for transmission & distribution of electrical
energy

o LV, MV andHV (AC/DC) cables

0 Underground / overhead cables
9 Industrial cables

o LV,MV,(HV) cables

o Power, control, instrumentation.. cable
9 Building wire cable

o Cables for fixed wiring (e.g. Class 1&2 i EN60228)
o0 Other (flexible) cables (e.g. Class 5&6 T EN 60228)
Special purpose cables (automotive, railway, renewables, militaryé)

1
1 Communication cables (data, telephone..)
Categories according to the  composition of the cable :
1 Conductor material: Copper or Aluminium
1 Insulation and sheath material: bare or insulated conductors/cables . Insulation
and sheath material depends on:
0 The rated voltage level: LV, MV, HV
0 Mechanical requirements: bending radius, elongation, tensile strength,
abrasion, max diameter, ..
o Chemical requirements: resistance to chemical products (oil, fuels,
acids,..) and resistance to fi re/heat, halogen free

A further categorisation can be made , based on:

1 Nominal Cross sectional area  of the conductors  (expressed in mm?2) : value that
identifies a particular size of a conductor but is not subject to direct
measurement (IEC 60228)

1 The const ruction of the conductor: Solid, stranded , flexible

1 The amount of conductors in the cable: single core or multicore
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117 Proposal for primary product performance par
unit 6
Knowing the functional product used in this study we now further explain what is called

the Afomrmdtiuni to for. power cabl es

In standard 14040 on | ife cycle assessment (LCA) t
qguantified performance of a product system for use as a reference unit in life cycle

assessment The primarg purpose of the functional unit is to provide a

calculation reference to which environmental impacts (such as energy use), costs, etc.

can be related and to allow for comparison between func tionally equal electrical power

distribution cables an  d/or circuits . Further product segmentations will be introduced in

this study in order to allow appropriate equal comparison.

The primary functional performance parameter in this study is Acurr-ent
carrying capacityo.

The Acucaremyi ng c ap aable bry(iasulaied) canductor is defined as the
maximum value of electric current which can be carried continuously by a conductor (a

cable), under specified conditions without its steady -state temperature exceeding a
specified value (see IEV 826 -11-13). The current -carrying capacity is expressed in
Ampere s [A] .

The current -carrying capacity of a cable depends on:
1 Conductor material: Cu or Al or alloys ;
9 Nominal cross sectional area of the conductor (expressed in mm?2) ;

1 Insulation material : maximum operating temperature (e.g. PVC=70°C, XLPE=
90°C) ;

1 Ambient temperature at the place where the cable is installed ;

1 Method of installation: The installation method has an impact on the heat

transfer from the conductor to the environment

Note : in some North -American countries the word flampacity 0 is used to express the
current -carrying capacity

1.1.8 Secondary product performance parameters

These parameters can be divided in two subcategories:
9 secondary product performance parameter related to the construction of the
cable;
1 secondary product performance parameter related to the use of the cable

1.1.8.1 Secondary product performance parameter s related to the
construction of the cable

The secondary product performance parameters related to the constructi  on of the cable
are:
1 Nominal Cross -Sectional Area (CSA): avalue that identifies a particular size
of conductor but is not subject to direct measurement, expressed in mmz (IEC
60228). The csa of the conductor is standardized: e.g. 0.5 mmz, 0.75mmz, 1
mm2, 1.5 mm] , 2.5 mmj é .

The cross -sectional area of conductors shall be determined for both normal
operating conditions and for fault conditions according to (IEC 60364 -1):

25
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1 their admissible maximum temperature ;

1 the admissible voltage drop

1 the electromechanical stress likely to occur due to earth fault and short
circuit currents

1 other mechanical stress to which the conductor can be subjected ;

1 the maximum impedance with respect to the functioning of the protection

against fault currents ;
9 the met hod of installation

Note: The items listed above concern primarily the safety of electrical
installations. Cross -sectional areas greater than those for safety may be
desirable for economic operation

DC resistance (R  ,): Direct current resistance of the conductor(s) at 20°C
expressed in Ohm/km (IEC 60228 I Annex A). The DC resistance of solid
conductors (Class 1) are lower than these of flexible conductors (Class 5,6), e.g.

For a Class 1, 1 mm2 Cu wire R 20= 18.1 Ohm/km; for a class 5, 1 mmz2 Cu wire
R,0=19.5 Ohm/km;

Rated voltage Uo/U : The rated voltage of a cable is the reference voltage for
which the cable is designed and which serves to define electrical tests (IEC
60227 -1). The rated voltage is expressed by the combination of two values Uo/U
expressed in volts:
1 UOisthe rms val ue bet ween any insulated conductor and
1 Uisthe r.m.s value between any two -phase conductor of a multicore cable
or of a system of single  -core cables .

Insulation material . synthetic insulation materials can be roughly divided into :
1 Thermoplastics (PVC, PE, PP,.)) ;

i Thermosettings (  Neoprene , Silicone Rubber ¢é );

1 Elastomers (XLPE |, EPR, é

The selection criteria  of the insulation material depends on the electrical (rated
voltage, ..) and physical (te mperature range, flexibility, flammability, chemical
resistance é ) requirements of the application.

Conductor material (Cu, Al) . Copper and aluminium are the most commonly
used metals as conductors. The composition s of copper and aluminium wire for
the manufacturing of electrical conductors are specified in respectively

EN1360 1/13602 and EN1715 .

Number of cores in the cable . In general a distinction is made between single
core and mult i-core cables. A single core cable consists of only one conductor
covered by an insulation material (1 or 2 layers). A multi -core cable consists of
2,3,4 ,5 ormore cores, each individual ly insulated and global Iy covered by a
sheath. In general conductors in a cable have the same CSA, but there are also

cables with other combinations. For instance for balanced three -phase systems
the neutral can have a smaller CSA than the phase conductors , sometimes
indicated as 3.5 (3 conductors with t he same size, 1 conductor with a smaller
CSA) or 4.5 (4 conductors with the same size, 1 conductor with a smaller CSA)

Also the protective earth conductor can have a smaller CSA.

The construction of the conductor : Solid, stranded, flexible . Solid wire, a Iso
called solid -core or single -strand wire, consists of one piece of metal wire.
Stranded wire is composed of smaller gauge wire bundled or wrapped together
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to form a larger conductor. The type of construction mainly has an effect on the
flexibility/bendi ng radius , but it has also a n effect on the AC resistance of the
cable .

1.1.8.2 Secondary product performance parameter related to the use of the
cable

Secondary product performance parameter s related to the use of the cable in an
electrical installation ~ system are the following:

At the level of the electrical installation system
1 Supply parameters & topology of the grid

o Nominal voltage (U and/or Uo)

0 Maximum and minimum fault currents to earth and between live
conductors

o Maximum supply loop impedance to earth (Z41) , given as a minimum
fault current

0 AC Grid system (TT, TN, IT) / DC (marginal, see BAT)

0 Single phase or three phase electrical installation. A single phase
installation consists of single phase circuits. A three phase installation can
consist of any combination of single phase and three phase circuits ;

91 Design of the electrical distribution system in the building ( see FprHD 60364 -8-
1)

o Main and/or sub distribution board (levels). Small installations have just
one level, the main distribution board feed ing the circuits. Larger
installations in general have two levels, the main distribution board
serving secondary distribution boards. Exceptionally, very large
installations or installations with special design requirements may have a
third level.

o Install ation cable length: the total length of all fixed wired power cables
used in the total electrical installation of a building;

0 Method of installation: in cable trunk, inside the wall, in open air,
grouped , indoor/outdoor . Reference installation methods and their
corresponding correction factors are defined in IEC 60364 -5-52;

1 External influences (see IEC 60364 -5-51), such as:
o Environmental conditions:

A Ambient temperature : A correction factor for ambient
temperatures other than 30°C has to be applied to the current -
carrying capacities for cables in the air (IEC 60364 -5-52). Higher

ambient temperatures have a negative effect on the current -
carrying capacity of the cable, e.g. a correction factor of 0.87 has

to applied for PVC cables installed in locations with a ambient
temperature of 40°C;

A Presence of corrosive or polluting substances : the sheath material
of the cable must be resistant to the substances at which it is
exposed to;

o Utilisation of the building: The utilisation of the building has a significant
impact on the choice of the cables, especially on t he fire behaviour of the

cables . Important building aspects related to this topic are:
A Condition of evacuation in case of emergency
A Nature of processed or stored material
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o Construction of the building

criteria of the Construction Product Directive

. cables must be conform to the performance

Regulation (see furtheron )

At the level of the circuit

28

1 Voltage drop over the cable

load) and the length of the

| Construction Product

in a circuit (Volt): an electric current flowing
thr ough a resistive material (conductor) creates a voltage drop over the material.
The voltage drop depends on the resistance of the conductor (Cu, Al), the
amount of current flowing through the conductor (depends on the electrical

following formula  (IEC 60364 -5-52):

’ 7,,07,, R T
0 w er(A)Sl o U QeOw

Where
u= voltage drop in volts ;

b= the coefficient equal to 1 for three

single -phase circuits ;

cable. The voltage drop can be calculated with the

-phase circuits and equal to 2 for

01l= t he r es the tondudtor iy noomfal service, taken equal to the
resistivity at the temperature in normal service, i.e. 1.25 times the
resistivity at 20AC,

for aluminium;

or 0.0225

L= the straightle  ngth of the wiring systems in metres;

S= the cross -sectional area of conductors, in mm2;

cos U= the power factor; in the absence of precise details,

asequalto0, 8;

1= the reactance per
mn/ m in the absence

Ib isthe design current (in amps);

unit | ength

of ot her

Y mmmpzinm f or copp

cos ( is taken

of .@Bonductor s,

det ai

1 Load current (Ampere): This is the design current of the electric circuit and is

determined by the electric load
load currentcan be calculated as

in normal operation

follow:

0w OFY&bés forsingle phase systems
for three phase systems

‘00 OF No8YaDH € «i

Where P= active power of the load (Watt)

Uo= nominal voltage between line and neutral

U= nominal
Cos

1 Ini is rated current for the circuit
(safety fuses or circuit breakers

1 Single phase or three phase circuit

voltage  between the lines

= power

factor

of

t

and is determined by the protective

) of the circuit

he

S,

connected to the circuit. The

| oad

device
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CHAPTER 1
Circuit topology: radial, loop, line, tree circuit ;
Load factor (LF) (IEV 691 -10-02):
The ratio, expressed as a numerical value or as a percentage, of the
consumption within a specified period (year, month, day, etc.), to the
consumption that would result from continuous use of t he maximum or other

specified demand occurring within the same period

Note 1 T This term should not be used without specifying the demand and the
period to which it relates.

Note 2 i The load factor for a given demand is also equal to the ratio of the
utilization time to the time in hours within the same period.

As a consequence the load factor is an important parameter for calculating the
energy losses in the cable

Load form factor (Kf) (derived from IEV 103-06-14): the ratio of the root mean

squar ed ( r.m.s ) Power to the average Power (=P rms /Pavg) ;

o Ther.m.s or root mean square value is the value of the equivalent direct
(non -varying) voltage, current, power which would provide the same
energy to a circuit as the sine wave. That is, if an AC sine wave

r.m.s value of 240 volts, it will provide the same energy to a circuit as a
DC supply of 240 volts. The r.m.s value can be calculated as follow:

_ ®o 0 6Q0
P

For a sine wave (eg. Grid voltage, power): y AOG EJ* '® with amplitud

and fr eq wetmecym.sfivalueis 1 ai GG or & T TTX

0 The avg or average value is normally taken to mean the average value of

only half a cycle of the wave. If the average of the full cycle was taken it

would of course be zero, as in a sine wave symmetrical about zero, there

are equal excursions above and below the zero line

o
1 ‘2
f-'z _ I"]. Jit
For a sine wave (eg. Grid voltage, power): y=a sin (2 ¢ft) with amplitude
and frequency fifo, the avg value is OLQAB - O T oYX

has a

29
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Peak value (V,
.‘h _________ ittt

Peak to peak

value (V)

Average value (V,,) =V, x 0.637

or V,,..) Relative to zero

Centre line (May also be zero)

Periodic time T (Frequency = 1/T)

o
-

Y

Figure 1-6:Peak -, r.m.s -, avg value of a sine wave

The equivalent operating time at maximum loss, in h/year; (IEC 60287 -3-2) :is
the number of hours per year that the maximum current Imax would need to
flow in order to produce the same total yearly energy losses as the actual,

variable, load current;

where
M tisthetime, in hours ;

Do Ao
00 B®

1 Ib(t) the design| currentin function of time, in A;
1 Imaxis the maximum load on the cable during the first year, in A,

The energy losses according IEC 60287

-3-2 are:

Q¢ QId@dD I ORI GDMNT G G 8Y iHa) 8 68Y

where

E R I ]

context );

Imax is the maximum load on the cable during the first year, in A ;
RL is cable resistance per unit length;
L is the cable length ,inm ;

NP is the number of phase conductors per circuit ( =segment in this

1 NC is the number of circuits carrying the same type and value of

load,;
1 T is the equivalent operating

time , in hlyear.

Be aware that the formula used in IEC 60287 -3-2 is only used to
calculate the cable losses for cable segments. Compared to circuits the

load is situated at the end of th
over the total length of the cable

e cable , having an equal load (current)
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-Power factor (IEC 60364 -5-52) of the load :

ower (P T kWatt) to the apparent power )

P - Active Power (kWatt)

is defined as the ratio of active

kVA).

Q - Reactive Power
(KVAr)

Where:
Active Power (P) (IEV 141-03-11): For a three -phase line under symmetric and
sinusoidal conditions, the active power is 0 WMoY®és,whereUisthe r.m.s value
of any line -to-line voltage, | is the rms val ue of any |l ine current

displacement angle between any lin

current.

Apparent Power ( .) (IEV 131 -11-41): product of the

terminals of a two -terminal element or two
current | in the element or circuit

phase system, the apparent power is (0]

1 Short -circuit intensity: Short
which lead to thermal stresses in the

-terminal circuit and the
‘@xpressed in  Volt Ampere, VA. For a three -

-circuits causes large currents in the
se conductors. Therefore the breaking time

e-to - neutral voltage and the corresponding line

r.m.s voltage U between the

for a short -circuit may not be greater than the time taken for the temperature of
the conductors to reach maximum permissible value. The maximum thermal
stresses of a cable depends on:

0 Insulation material (PVC, XLP  E,.))
o Conductor material (Cu, Al)
o Cross sectional area of the conductors

1 Harmonic currents (will be defined later in task 3).

1 Kd distribution factor
cable of a circuit . A

the circuit reduce s towards the end. This

(defined for this study)  : distribution of the load over the
connection terminals along the
circuit with  different loads attached to it. As a result the current passing along

circuit can have several

distribution factor

effect by reducing the cable length to an equivalent ca ble length at peak load
Note this is probably only relevant for small loads

fed by dedicated circuits

serving one single load;

, as in general larger loads

r.m.s electric

conductors

compensates this

are

31
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1 Rated Diversity Factor (IEC 61439 ): the rated current of the circuits will be

equal to or higher than the design current (or assumed loading

Rated Diversity Factor recognizes that multiple

loaded simultaneously  or are intermittently loaded.
1 Amount of junction boxes per circuit ;

1 Number of nodes per circuit

current).

1 Circuitlevel s 1 and 2 (defined for this study) (see also Figure 1-5);

o Circuit level 1 cables are cables that feed the secondary distribution

boards fr om the main distribution board;

o Circuit level 2 cables are cables that are connected to the end loads.

1 Number of load per circuit;

T Skin effect, skin  depth ®: skin effect is the tendency of an alternating electric
current (AC) to become distributed within a conductor such:that the current

density is largest near the surface of the conductor

depths in the conductor. The electric  current, flows mainly at the "skin" of the
surface and
skin effect causes the effective resistance ofithe conductor to increase at higher

conductor, bet ween thew.outer

frequencies where the skin depth is smaller, thus re
section of the conductor.

ducing the effective cross

1 Lifetime of the cable: the lifetime.of a.cable depends mainly on the nominal load
current and the environmental conditions (temperature, presence of corrosive or

polluting substances ...) innwhich the cable is installed.
negative impact on the lifetime, because of the high conductor
caused by the shortcircuit currents.

1.1.9  First screening
Objective
The first-product screening is a preliminary analysis that sets
scope:. for the subsequent Tasks. As the full study investigate

screening entails ‘an initial assessment of the eligibility and appropria
product group envisaged

Important note:
updated in later chapters
1.1.9.1 Envisaged p roduct application categories

When the classification is performed according the main application of
categories are defined  (see Table 1-3).

8 http://en.wikipedia.org/wiki/Skin_effect

32

Short circuits have
temperatures

The

loads are in practice n ot fully

< It decreases with greater

an

out the recommended

s the feasibility and
appropriateness, _of Ecodesign and/or Energy Labelling measures, the first product
teness of the

These are indicative for a first screening only and will be

the circuit

12
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1
2 Table 1-3: Application categories
Residential Industry
1 3
Socket- Socket-
outlet Lighting [outlet Dedicated
circuit circuit circuit circuit
3 5 10 i 12
4
5 At circuit level 1 there is one type of circuit per sector , €. g. Figure 1-5. The main
6 function of a level 1 circuit is to feed the secondary distribution boards. Standalone
7 single family houses in the residential sector generally have one,circ vel, but for
8 insta nce apartment buildings have two circuit levels (secondary di
9 dwelling).
10

11 At circuit level 2 we differentiate between lighting circuits, socket
12 dedicated circuits ~ (see for example in  Figure 1-4 and Figu
13 one or more typical topologies. For instance lighting circuits
14 line circuit (no branches), as a tree by means of |
15 node) , or as a star. Socket -outlet circuits Jn general a
16 circuits. Dedicated circuits serve mostly just one loa in

17 with a dedicated circuit breaker in the distribution boar
18 breaker and load. The load is thus | c@d a n the dedicated circuit. For
19 lighting and socket -outlet circuits the [0ad i t ng,the circuit.

21 Acronyms for circuit identification n “the above mentioned application
22 categories in  Table 1-3:

23 RESidential Levell circuit: RESL1

24 SERvices Levell circuit: SERL1

25 INDustry Levell circuit: INDL

26 RESidential Level2 Lighting c ES

27 SERvices Level2 Lighting 2L

28 INDustry Level2 LightiRgreirt 2

29 RESidential Level2 citcuit: RESL2S

30 eircuit: SERL2S

31 circuit: INDL2S

32 uit: RESL2D

33 iréuit: SERL2D

34 ed circuit: INDL2D

35 in ing power loss in cables
36

37 This seetion elaborates the physical parameters of a power cable related to losses in the

38 cable.

39

40 As stated in the previous section the power losses are proportional to the cable
41 resistance (R). The resistance of a cable in circuit at a temperature t can be calculated

42 by the f or mu/Aé&hm).Rhkis nieans the losses in a circuit can be diminished

43 by:

44 f reducing the specific el g¢hetonductoanhateniae s;i st ance (0)
45 9 increasing the cross sectional area (A) of the cable ;

46 1 reducing the total length 0] of cable for a circuit.

33
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In annex 1-B a closer look i

manipulation of these parameters

cables.
1.1.9.3 Preliminary analysis according to
The preliminary analysis in this section i s

Sizing Strategies,

2012 -2014 *°. It focuses on the use of el
the minimum safety prescriptions, which helps to achieve energy savings an

effectiveness.

smaller

working  plan

based

u

s taken at these physical parameters
can contribute to

pon dat a

and at

power losses in

how
power

P o t %i nEgémanl ConSudtingi for §uwopears Goppdry
Institute 1 May 2011. This study is also referred to in the ErP Directive Working plan

1.1.9.3.1 Market and stock data for the first screening

Electrical installations in

material. The analysis

Buildings can  be split into three main categori

buildings

1 Residential;

1 Non-residential;
1 Industry;
1 Services.

This classification (residential, industry,
and forecast data on electricity .cons

potential energy savings.

Annua | sales of wiring, expre

ectrical conductors with cross

were modelled by th
was carried out considering the equi
the electrical installation (largely dominated by the electhical

cto

N

C t o

-sectiens beyond
t

nductive
t'gont f copper of

cokrresponds with available statistical

hi allow

uivalent copper,

s making

estimates of

are estimated to be

from

some 760 kTon in 2010, ected toNncrease to 924 kTon in 2030 (see Table
1-4).
e 1- alés of power cables (kTon Copper) H

w 2000 2005 2010 2015 2020 2025 2030
Coppetl a
Industie. NN\ | 226 245 241 253 266 279 293
Services \, ) 202 219 216 227 238 250 263
Residential 284 308 303 318 334 351 368
Total 712 772 760 798 838 880 924

The total amount of copper installed in buildings (‘stock’) is
18788 kTon in 2010, expected to increase to 21583 kTon in 2030

estimated to be some
(see Table 1-5).

% http://www.leonardo -enerqgy.org/white _-paper/economic _-cable -sizing -and - potential -savings
10 http://ec.europa.eu/enterprise/policies/sustainable -business/ecodesign/product  -groups/
11 http://ec.europa.eu/enterprise/policies/sustainable -business/ec odesign/product -groups/
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Table 1-5: Stock of power cables (kTon of Copper) H

Stock (kTons eq. Copper) 2000 [2005 [2010 [2015 [2020 [2025 [ 2030
Industry 5991 6102 6538 6951 7395 7453 7511
Services 4338 4419 4734 5033 5355 5397 5439
Residential 6886 | 7014 | 7515 | 7989 | 8500 | 8567 | 8633
Total 17215 17536 18788 19974 21250 21417 21583

The gap between the stock increase and the cumulative 5 years sales is due to
refurbishment, maintenance and extension of existing installations as well as
dismantling of old buildings.

Information sources  were :
1 Residential and non-residential new construction andh,refurbi ivity
(Euroconstruct database)

1 Demographic statistics, households statistics and pro
European Union portal, European Environmental Agency)

9 Copper wire and cable consumption (European

Assumptions were :
f 30 kg of equivalent copper per electrical iffstalla

1 Stock in non -residential buildings = 1.5 ti idential buildings
(based on copper  wire and cablgconsu i

1.1.9.3.2 Cable loading data for first sc

Losses in electrical cables are relate
therefore  directly related to the
concerned.
Hence, the Reference scen aleulations is defined by the projections made

by the European Com i regarding electricity consumption in buildings and
industrial indoor sitg

t a (see 1.1.9.2 ). This electric loss is
|| Jel€ctricity consumption in the buildings

13

Unit 2010 2015 2020 2025 2030

TWh 1073 1152 1207 1279 1329
TWh 775 832 872 924 960

TWh 950 1021 1069 1133 1177
Total Electricity TWh 2798 3005 3148 3336 3466
Total Electricity PJelec | 10074 | 10818 | 11334 | 12011 | 12478
Total energy Eim 25182 | 27045 | 28332 | 30024 | 31194

1.1.9.3.3 Estimated | osses in cables in buildings

12 http://ec.europa.eu/energy/observatory/trends_2030/doc/trends_to_2030_update_2009.pdf
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I n the Modified Cable Sizing Str atieEgeminsConsuRimgt ent i al

for European Copper Institute T May 2011, referred  to in the ErP Directive Working plan
2012 -2014 *3*, four electrical systems were defined modelling and representing a smal I
office, a large office, a small logistics centre and a large industrial plant.

The calculated averaged energy loss in power cables for the sectors defined in this
study was 2.04%.

Some stakeholders made remarks to the above m entioned study . In the next sections
we will re -analyse th e assumptions made in the Egemin study
1.1.9.4 Review of losses

In the following sections the losses in the circuits, classified according the{produst

application categories in 1.1.9.1 , have been calculated. Analogueato (the, Study
elaborated in  1.1.9.3.3 , a residential and non  -residential model have‘heemwerked out
based upon empirical findings. Beware tha t every individual installatien ane,loading’ can
vary a lot compared to those assumptions

The parameters used in the models are explained in chapter 3 of thiseport . The length
of the circuits in the models is based upon the answersflan thebhguestionnaire for
installers *°. The acronyms used for the circuit identification,are, listedin Rh191 .

The loss ratio used in the model is defined as:
e B s AT ADCNOBRBERE M AEDAO
Gl DO St QR W WD DR ©6 Q0 i

Two loss ratios are used:

1 Loss ratio on Imax : this is accordingyfoxmnula on energy losses in power cables
explained in chapter 3 ;
1 Loss ratio on lavg : tHis%s, decording the P= R.I avg? formu la. Formula to calculate

the average value sgeXxXxxx

1.1.9.4.1 Estimated r esidentiak,.cable losses

Average annudPhgusehold conSumptiog in Europe is 3500kWh, resulting in an average

power usagepef 400Wandian average current of 1 .74 A at 230 V. Accordingto MEErP*®
the,average floor area for existing residential dwelling s (year 2010) is 90 m? and 110
m&folpew rasideftiahdwellings.

The assumedy, Yesidential model consists of one level 1 circuit (RESL1), 2 lighting
(RESL2L.2 socket -outlet (RESL2S) and 2 dedicated circuits (RESL2D). The length of

13 http://ec.europa.eu/enterprise/policies /sustainable -business/ecodesign/product  -groups/

1 Ivar GRANHEIM |var.Granheim@nexans.com __, by mail 20/09/2013,

The report motivating the inclusion of power cables in the Working Plan is
missing key informati on to evaluate the effective potential saving of power
cables, and assumptions are not robust. A more complete technical study is
needed.

th of

15 http://www.erp4cables.net/node/6 , this questionnaire was sent to installers on the 30
September, 2013 in the context of this study.

18 MEErP 2011 Methodology Part 2, chapter 6.5, edition 28 November 2011
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the circuits in the model is about 30 m for the cat 1 circuit and 17 to 20 m for the other

circuits. The total amount of conductor material (copper) used in this model is 25
kg/100m 2. It is assumed that the phases are in ba lance (no current through neutral
conductor in case of 3 -phase circuit).

Table 1-7: Residential model: parameters and calculated losses (Note: these values are
updated in later chapters)

Summary Circuits Installation
RESL1 |RESL2L |RESL2S |RESL2D |RESL2D

Total circuit length (m) 30 34 40 17 17

CSA (mm2) 10 15 2.5 2.5 6

Loaded cores 3 2 2 2 2

Kd (distribution factor) 1.00 0.50 0.50 1.0Q 1,00

LF (load factor = Pavg/S = 14 53 1901 l0.02 [0.00 NJOLO

lavg/Imax)

Kf (load form factor) 1.08 1.29 2.83 6948 4290

PF (power factor) 0.90 0.90 0.90 00910 0:90

loss ratio on Imax 0.15% |0.02% «[07Q9 % N0R1% §0.06% [0.24%

loss ratio on lavg 0.12% |0.02% N[ 0803% \|0M3% [0.01% |[0.15%

The loads used for the RESL2D circuits are awashing machine and an induction cooker.

Most of the losses are in the level 1 ciggtiittanddinthevdedicated circuits. Due to the low
load factor the losses are rather sméll (See Table 1-7).

1.1.9.4.2 Estimated service Sectox cabléyesses

An average office '4'0f400m?2 s tsed®with about 33 employe es, and an annual energy
usage 0f¢l66666 KWHy The “wmodel tonsists of one level 1 circuit (SERL1), lighting
(SERL2L), secket™: oUtlety(SERL?2S) and dedicated (SERL2D) circuits. The length of the

circuits in thissmodelNs aou30 to 35 m according the results of the enquiry 8 The
total amount '@f cepnducter mMatekial (copper) used in this model is ab out 96 kg/100m 2.
It is assumethihat the phases are®in balance (no current through neutral conductor in

case Of 3 -phase Gircuit).

e http://www.entranze.eu/ , http://www.leonardo -enerqgy.org/sites/leonardo -
energy/files/documents  -and -
links/Scope%20for%20energy%20and%20C02%20savings%20in %20EU%20through%20BA_20

13-09.pdf The scope for energy and CO2 savings in the EU through the use of building
automation technology

18 http://www.erp4cables.net/node/6 , this questionnaire was sent to installer s on the 30 " of
September, 2013 in the context of this study.
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Table 1-8: Services model: parameters and calculated losses (Note: these values  are
updated in later chapters)

Summary Circuits Installation
SERL1 |SERL2L |SERL2S |SERL2D |SERL2D

Total circuit length (m) 50 258 155 57 57

CSA (mm2) 95 15 2.5 25 35

Loaded cores 3 2 2 3 3

Kd (distribution factor) 1.00 0.50 0.50 1.00 1.00

LF (load factor = Pavg/S = 0.36 0.12 0.25

lavg/Imax)

Kf (load form factor) 1.08 1.06 1.23

PF (power factor) 0.90 0.90 0.90

loss ratio on Imax 1.67% [0.38% |[0.68%

loss ratio on lavg 1.39% [0.32% [0.50%

The electrical losses in this electrical installation defihd
Table 1-8 are about 2.26 % of the total transported electhi

N\

1.1.9.4.3 Estimated i ndustry sector cable lo

tog the electrical installation

d calculation software tool.
The IEC recommends a maximum vdl{age connection terminals of th e
electric load (the end point of the ci | Ing circuits and 5 %for other
circuits, when supplied from ribution (see Table 1-16). The
recommended limits for installa d from private LV power supplies are
even higher (6% for lighti i

In the industry sector and in most cases in t

-5-52) and

s
above mentioned recommendation to des ign the electrical
loads in the industry have a rather high load factor
energy is transported via dedicated circuits with a high dlstrlbutlon
ted number of ter minals/loads per dedicated circuit) ;
de that
1 the losses in cables in the electrical installation in the industry sector will be

between 1% and 8%.

A loss ratio of 2% mentioned in 1.1.9.3.3 is plausible. The following tasks will continue
to estimate this loss ratio.

1.1.9.4.4 Summary of estimated cable losses

Looking at the results in the previous sections the calculated losses are in | ine with the
average result of about 2% losses  for electrical installations in the services and
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industry sector , concluded in the EGEMIN study '°. The calculated losses in the
residential sector , however, are  much lower (less than 0.3% compared to 2% ). This
can be explained by the following reasons:
1 The circuits in the residential buildings are in general much shorter than the
circuits in the services or industry sector. This is also confirmed by the results of
the questionnaire to the installers. Only in multi -dwellings the level 1 circuits can
be considerably long and can contribute significantly to the losses in the
electrical installation in residential dwellings.
1 The load profile (load factor and load form factor) in the residential and non -
10 residential sector differ a Iot. In the residential sector the load factor is rather
11 low and the load form factor can be rather high. In the non -residential sector
12 the load profile is more evenly , but with a higher average load per circuit. Again,
13 in general the leve | 1 circuit in the residential sector also ha s a higher average

14 load.
15
16 Most of the installers (75%) that responded to the enquiry es ted, th losses
17 in the electrical installation vary between 1% and 3%. The others (2 st
18 loss of less than 1%.

19 1.1.9.5 Improvement potential by i ncreasing thegpcr ional a of the

20 cable \

21 The Egemin study # estimated that cable losseS\C ed from 2% up to

I
22 0.75 % (see Table 1-9) when applyi [ gy . The study formulated
S -sections :

©CoO~NOULDWNBE

23 four alternative strategies based on i
24 1 One size up (S+1) strategy : s ard calibre size up from the
25 base line ;

26 I Two sizes up (S+2)
27 base line ;
28 I Economic optimum

standard calibre sizes up from the

imisation algorithm is run balancing the

29 cost represented by over a 10 year invest ment horizon and
ation of the cables ;
footprint  minimisation) strategy : a

cing the CO , equivalent of the energy losses
> equivalent of copper production for

osses and copper usage (averaged over a Il models)

Energy loss Loss reduction Cu weight Additional Cu

2.04% 0.00% 100.0% 0.0%

1.42% 0.62% 141 .6% 41 .6%
1.02% 1.02% 197 . 7% 97 .7%
0.75% 1.30% 274 .2% 174 .2%
Carbon 0.29% 1.76% 907 .3% 807 .3%
37
19 hitp://ec.europa.eu/enterprise/policies/sustainable -business/ecodesign/product  -groups/
20 http://www.erp4cables.net/node/6 , this questionnaire sent to installers on the 30 i of

September, 2013 in the context of this study.
2l fiModified Cable Sizing Strate gi es, Potenti al EgeminiCogwsiling ort Budp ,ean
Copper Institute, May 2011)
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The averaged energy loss in power cables in this study was estimated at
.75% ( loss reduction

the losses can be reduced to O

strategy to the design of the electrical installation

(see Table 1-9).

2.04 % and
of 1.3%) applying the economic

The potential savings are calculated on the basis of the building annual renewal rate

as indicated in the table below. The older installations maintain the conventional losses

pattern.
Table 1-10: Improvement scenario power cables 2

Potential savings
(starting measures in Unit 2010 2015 2020 2025 2030
2013)
annual rate (refurbishment) 3%
Stock of_bundln_gs - old 100% | 1000 | g508 0, %o,
standard _installations
Stock of. bwldmgs - new 0% 0% oo h " ) 45%
standard installations
Improvement  scenario " | Paprimiyear | 25182 (27045 | 28277 §,29907 | 31012
final energy consumption
Savings PJprim/year | O 0 585 197 182
Total electricity  savings TWhlyear 0 0 6 13 20

182 PJlyear of primary energy savings are forecasiedhbys203@ if the*improved product'

is applied in electrical installations in buildings™as ‘af 2015, whkich corresponds to 20
TWhlyear of electric energy savings

Review of the improvement potential

In Annex 1-B another approach,istusetto caleulate

(seer Tahiey TH10N),.

scenario, independent of a speg€ific'model.\gor eagh CSA the impro

based upon the physical parameters.

maximum 40% (See TableN1-%1).“The exact savings

the improvement potential of a S+x

vement is calculated

Independent of the amount of cable or the CSA
used, one caneconclude thatia SkINscenhario will reduce losses with minimum 17% and

in between the minimum and

maximum are detérmined, byythe¥amount of cable per cross
cross - sectional.aréas of the istalledeables.

-sectional areas and the

2 The refurbishment rate has been set at 3% following the rationale applied for thermal
insulation products. Stakeholder Eurocopper applied higher refurbishment rates, but these have
been amended to better reflect historic refurbishment rates

2 http:/lec.europa.eu/enterprise/policies/sustainable -business/ecodesign/product  -groups/
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Table 1-11 S+x scenario overview based upon CSA ratio (Note: these values are
updated in later chapters)

CSA (S) resistance reduction based upon CSA ratio (S+x)/S

mm?2 S+1 S+2 S+3 S+4 S+5
Minimum 17% 33% 48% 58% 67%
Maximum 40% 63% 76% 85% 91%
Average 27% 47% 61% 71% 78%
Average for
CSA 1,5till
CSA 10 38% 61% 74% 83% 89%
Average for
CSA 1,5till
CSA 25 36% 58% 72% 81% 86%
For instance when cables with a cross -area section of 1.5 mmA{INLOW M are,used in

an electrical installation, opting for a S+1 upsizing strategy would oR average seduge
the power losses in the installed cables by 38% and by 61 % for the S%2 stiategy,\by
74% for the S+3 strategy and so on.

A reduction in losses from 2 .04% to 0 .75% (reduet ion ef N,3%)\, implies a resistance
reduction of 63%. A scenario consisting of a eombination of,S*2 and, S+3 strategies
corresponds with such a resistance reduction.

1.1.9.6 Other improvement potential optiens

There are other options for lowerihg [0sses in‘elecirical installations, e.g. reducing the

load per circuit with parallel cables. Thesexoptions are briefly touched in Annex 1-B and
will be researched in detail in\fask4 offthis report.

1.1.9.7 Conclusion from the:f irst screening

Important not e:'the input data and outcomes of the first screening are used
with the sole purpose to.narrow.the scope , they will be reviewed in later tasks.

There(is.a significant environmental impact

Theglosses infpower€ables, based upon an average Ioss ratio of 0.3 % in the residential

sector and™2%wifi the non -residential sector , result in an annual loss in power cables  of
35 TWHN(0.3 % of 1177 TWh) in the residential sector in 2030 and 45 .8 TWh (2%
of1329+960NTWh)  in the non  -residential sector in 2030, or a total of 49.3 TWh .

Even, whenthe residential sector would be taken out of the equation, this would still
mean aJoss of about 46 TWh/year in 2030.

There is s ignificant potential for improve ment .

The calculations above proof that a modified sizing strategy , S+2 will reduce the losses
by 33% to 63%. With a penetration of 45 % of b uildings with an electrical installation
according the S+2 strategy in 2030 , this would mean an overall reduction of losses in
power cables by 15% to 28%.  This is equal to annual savings between 7.3 TWhand 14
TWh in 2030. The maximum estimated potential savings with S+2 are in between
0.5 TWh and 1 TWh in the residential secto rand in between 6 .8 TWh and 13.0
TWh in the non -residential sector per year . A S+1 strategy in this case (S+1
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strategy not applied in the residential buildings sector and 45% penetration) would
result in annual savings between 3 .5 TWh and 8 .24 TWh in 2030 . An overview can be
found in Table 1-12.

Table 1-12: Overview annual savings in 2030 (Note: these values are updated in later
chapters)
Total
without
Residential | Services Industry residential
Unit sector sector sector Total sector
Energy consumption TWhly 1177 960 1329 3466 .00 2289
Loss ratio % 0.3% 2.0% 2.0%
Losses TWhly 3,531 19.2 26.58 29.31 45.78
Improvement scenario 0 0 0 0
penetration in 2030 /o 45% 45% N4
Stl _ stratedy | 4705 |Twhy | 027 1.47 203 3.77 3.50
minimum savings
St _stategy 1 4006 |TWhy | 064 3.46 478 8\gs 8.24
maximum savings
St2 _ stategy | a0 [Twhy | @52 285 o5 7.32 6.80
minimum savings
St2 stratedy | 639 |[Twhy | 1.0 5 4% 7.54 13.98 12.98

maximum savings

There isa significant trade and sales volume N

An annual sales volume of 924 kTon “Gopperain EU*for power cables in 2030 is equal to a
volume of 103820 m3 copper or an eguivalent of 69213 km single core cable with a
conductor CSA of 1 .5 mm?2 @mm, 346 ki single’core cable with a conductor CSA of 300

mm2. A t aprice of 5 .3 Euro/kg cableng2kTon%esults in 4 897 million Euro annual sales.
PRODCOM st atWNsHINCSHRNNiIists for the NACE code 27321380
vol t ageN<=¢IN00NY%, not fitted with connectorso i

2128 kTon and a productign Value,of{d 2300 million Euro

Losses in thew residential ‘sector ware low and also the potential for

environmental is.low:

Losses in,the, residential“sector are estimated at 3.351 TWh ( Table 1-12) and also the
improvement, potegtial(0.27 -1 TWh). Also cable loading can vary strongly between
installation dircuits B. Non-residential it is also proposed not to focus in residential
installa_tiompecapse the improvement potential is low (<> 2 TWh).

Conclusion on eligibility and scope:

Power c ables installed in in the service and industry  sector meet the cr i t eri a for

products imposed by article 15  of ecodesign directive 2009/125/EC

Power c ables installed in the residential sector do not meet the criteria
products imposed by article 15 of ecodesign directive 2009/125/EC.
Ecodesign requirements will apply to power cables when they are place d on the market.

When the cables are placed on the market, it is not known in which sector the power
cables will be used and therefore residential cables should be in the scope of Tasks 1, 2
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and 7 (partly) b utnot for Tasks 3 -6 on environmental improvemen t potential .

1.2 Measurements/test standards

1.2.1.1 Relevant standards

Different types of  EN documents are available:

9 Standards (EN -xxxxx): The EN -50000 to -59999 covers CENELEC activities and
the EN -60000 to -69999 series refer to the CENELEC implementation of IEC
documents with  or without changes

1 Technical Reports (TR): A Technical Report is an informative document on the

technical content of standardization work. Only required in one of the three
official languages, a TR is approved by the Technical Board or by a Technical
Committee by simple majority. No lifetime limit applies

1 Harmonization Documents (HD): Same characteristics as the EN except for the
fact that there is no obligation to publish an identical national standard at

national level (may be done in different documents/parts), taking into account
that the technical content of the HD must be transposed in an equal manner

everywhere .
The most relevant standards for this study are explaine d in the following paragraphs.
1.2.1.1.1 EN 13601:2002 Copper and copper alloys - Copper rod, bar and wire for

general electrical purposes

This European Standard specifies the composition, property requirements including
electrical properties, and tolerances on dim ensions and form for copper rod, bar and
wire for general electrical purposes.
Cross - sections and size ranges are:
I round, square and hexagonal rod with diameters or widths across -flats from 2
mm up to and including 80 mm;
9 rectangular bar with thicknesse s from 2 mm up to and including 40 mm and
widths from 3 mm up to and including 200 mm;
1 round, square, hexagonal and rectangular wire with diameters or widths across -
flats from 2 mm up to and including 25 mm, as well as thicknesses from 0 .5 mm
up to and including 12 mm with widths from 1 mm up to and including 200 mm.
The sampling procedures, the methods of test for verification of conformity to the
requirements of this standard and the delivery conditions are also specified.

Annex A of this standard describes a general grouping of copper into 4 types:
1 Tough pitch coppers (i.e. oxygen -containing coppers)
1 Oxygen -free coppers ;
1 Deoxidized coppers ;
91 Silver -bearing coppers

The main grade of copper used for electrical applications such as bu ilding wire, motor
windings, cables and busbars is electrolytic tough pitch copper CWO004A (Cu -ETP) which
is at least 99.90% pure and has an electrical conductivity of at least 100% IACS

minimum. Tough pitch copper contains a small percentage of oxygen (0.0 2 to 0.04%)
If the high conductivity copper is to be welded or brazed or used in a reducing
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atmosphere, then the more expensive oxygen free high conductivity copper CWO008A
(Cu-OF) may be used 2.

An important electrical parameter for this study is the  electrical conductivity of the
copper wire, expressed in [MS/m] or Mega Siemens per meter. A derived unit is the
electrical resistivity , expr es s ed . iThe mphi@wyekadtric conductivity values for
the different copper alloys are defined in Table 3 of the standard

Notes:

1 Copper having a n electrical conductivity of 58 MS/m at 20°C (which corresponds
to a volume resistivity of 0.01724 Y x m at 20°C ) is defined as corresponding
to a conductivity of 100% IACS (International Annealed Copper Standard) ;

1 Cu-ETP(CWO004A) corresponds to E  -Cu58 (DIN), Cu -al (NF), C101 (BS), C11000
(ASTM) é

1.2.1.1.2 EN 13602:2002 Copper and copper alloys. Drawn, round copper wire for the
manufacture of electrical conductors

This European Standard specifies the composition, property requirements including
electrical properties, and dimensional tolerances for drawn round copper wire from 0O .04
mm up to and including 5 .0 mm for the manufacture of electrical conductors intended

for the production of bare and insulated cables and flexible cords.

This standard covers plain or tinned, single or multiline, annealed or hard drawn wire.

It does not include wire for enamelling (winding wire, magnet wire), for electronic
application and for contact wire for electric traction. The sampling procedures, the

methods of test for verification of conformity to the requirements of this standard and

the delivery conditions are also specif ied.

1.2.1.1.3 IEC 60502 -1: Power cables with extruded insulation and their accessories for
rated voltages from 1 kV (Um = 1,2 kV) up to 30 kV (Um = 36 kV) - Part 1:
Cables for rated voltages of 1 kV (Um = 1,2 kV) and 3 kV (Um = 3,6 kV)

This standard specifies the construction, dimensions and test requirements of power
cables with extruded solid insulation for rated voltages of 1 kV (Um = 1,2 kV) and 3 kV
(Um = 3,6 k V) for fixed installations such as distribution networks or industrial

installations. This standard i ncludes cables which exhibit properties of reduced flame
spread, low levels of smoke emission and halogen -free gas emission when exposed to
fire.

Cables for special installation and service conditions are not included, for example
cables for overhead netw  orks, the mining industry, nuclear power plants (in and around
the containment area), submarine use or shipboard application

For this study only the cables with a rated voltage U o/U (U ) of 0.6/1 (1.2kV) are
considered. Whereas:

1 U is the rated voltage be  tween conductor and earth or metallic screen for which
the cable is designed,;
U is the rated voltage between conductors for which the cable is designed;
Um is the maximum value of the "highest system voltage" for which the
equipment may be  used (see IEC 6 0038).

1
f

2 See: http://www.c___opperinfo.co.uk/alloys/copper/
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The conductors in the scope of this standard shall be either of Class 1 or Class 2 of
plain or metal -coated annealed copper  or of plain aluminium or aluminium alloy, or of
Class 5 of plain or metal  -coated copperin accordance with IEC 60228.

The types of insulating compounds covered by this standard are listed in table xxx

Table 1-13: Insulating compounds

Insulating compound gg::g:;i::g
a) Thermoplastic
Polyvinyl chloride intended for cables with rated voltages Uy/U < 1,8/3 kV PVC/A®
b) Cross-linked:
Ethylene propylene rubber or similar (EPM or EPDM) EPR
High modulus or hard grade ethylene propylene rubber HEPR
Cross-linked polyethylene XLPE
* Insulating compound based on polyvinyl chleride intended for cables with rated voltages Uy/U = 3,8/6 kV is
designated PVC/B in IEC 60502-2.

The oversheath material shall consist of a thermoplastic compound (PVC or

polyethylene or  halogen free) or an elastomeric compound (polychloroprene,
chlorosulfonated polyethylene or similar polymers). Halogen free sheathing material
shall be used on cables which exhibit properties of reduced flame spread, low levels of
smoke emission and haloge n free gas emission when exposed to fire.

1.2.1.1.4 EN 60228: Conductors of insulated cables

EN 60228 specifies standardized nominal cross -section areas from 0 .5 mm ? to 2 000
mm 2, numbers and diameters of wires and resistance values of conductors in electric
cables and flexible cords.

Conductors are divided into four classes
i Class 1: solid conductors ;
9 Class 2: stranded conductors ;
i Class 5: flexible conductors ;
9 Class 6: flexible conductors which are more flexible than class 5

The maximum DC resistance of conductor at 20°C is defined for each Class and each
nominal cross sectional area for circular annealed, plain and metal -coated copper
conductors and aluminium (alloy) conductor S.

A table of temperature correction factors kt for conductor resistance to correct the
measured resistance at t °C to 20°C is also included.

The measurement of conductor resistance is explained in Annex A of the standard: The
measurement must be done o n complete length of cabl e or on a sample of at least 1
meter in length. The conductor resistance at the reference temperature of 20°C is
calculated with the following formula:

2¢m 2@ @ it
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Where
Kt= temperature correction factor ;
R20=conduc t or resi stance at 20AC,

in Y/ km

Rt = measured conductoyr resistance, in Y

L=len gth of the cable (sample), in m.

Remark:

The maximum resistance of ) tshhe masoimpdriact spedificagoly / k m

related to the energy losses in the power cable . An accurate measurement method to

determine this resistance is therefore essential. Nevertheless s
requirements are missing in the measurement method described in
60228, such as:

ome important
Annex A of IEC

- The maximum allowed uncertainty of the measureme nt equipment (resistance

length - and temperature measurement equipment) ;
- The temperature conditions of the test room;
- The time needed for temperature stabilisation of the test sample.

The above mentioned requirements

ar e dneehsuraneedt

of resistivity of |rbathis kthndacd isnoalyt applicalsld te folid (non

stranded =Class 1) metallic conductor and resistor material

. The maximum allowed

over -all uncertainty for the routine measurement method for resistance pe r unit length

is + 0.4%. IEC60228 d oe s n 0t tothisdtaadard.

46
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Table 1-14: Maximum resistance of class 1 solid conductors (IEC 60228:2004)

Note :

Circular, annealed copper
conductors Aluminium and
aluminium alloy
Nominal cross- conductors,
sectional area circular or

(S) Plain Metal coated shaped
mm2 Kkm Kkm Kkm
0.5 36.7 -
0.75 24.5 24.8 -

1 18.1 18.2 -

15 12.1 12.2 -

2.5 7.41 7.56 -

4 4.61 4.7 -

6 3.08 3.11 -

10 1.83 1.84 3.08
16 1.15 1.16 1.91
25 0.727 - 1.2

35 0.524 - 0.868
50 0.387 - 0.641
70 0.268 - 0.443
95 0.193 - 0.32
120 0.153 - 0.253
150 0.124 - 0.206
185 0.101 - 0.164
240 0.0775 - 0.125
300 0.062 - 0.1
400 0.0465 - 0.0778
500 - 0.0605
630 - 0.0469
800 - 0.0367
1000 - 0.0291
1200 - 0.0247

Due to low resistance values for the higher nominal cross

accurate resistance measuring equipment is needed specially in case of short cable

sampl es
resi stance

1.2.1.1.5 EN 50525 -1:2011 Electric cables -
voltages up to and

(1é.5
of

requirements

1.

m) .
83

E. g. A

Y/ km, for

a

sampl e

- Part

The EN 50525 (series) standards supersede HD 21.1 S4:2002 and HD 22.1 S4:2002.

Low voltage energy cables of rated
including 450/750 V (UO/U)

1: Gener

-section areas,

al
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This European Standard gives the general requirements for rigid and flexible energy

cables of rated voltages UO/U up to and including 450/750 Vac, used in pow
installations and with domestic and industrial appliances and equipment.

Important NOTE in this standard (Note 3):
additional performance requirements for cables that are not given in the particular
requirements. F  or example for buildings with high levels of public access, additional fire
performance requirements may be applicable.

The test methods for checking conformity with the requirement

er

National regulations may prescribe

standards, e.g. EN 50395: Electric test methods and

methods.

The particular types of cables are specified in EN 50525

(series). The individual parts within those two series are collectively referred to
hereafter as "the particular specifications". Onl

of these types of cables are in accordanc

Note s: National standards conflicting with EN 50525

01-17

EN 50396: Non

s are given in other

-electrical test

-2 (series) and EN 50525 -3

y the sizes (conductor class, cross -
sectional area), number of cores, other constructional features and rated voltages given
in the particular specification apply to the individual cable type. The code designations
e with HD 361.

-1 have to be withdrawn on 2014 -

1.2.1.1.6 EN HD 21.1 S4 : Cables of rated voltages up to and including 450/750V and
Partl: General requirements

having thermoplastic insulation
by EN 50525 -1:2011

- Superseded

This harmonized document applies to rigid and flexible cables with insulation and
sheath, if any, based on thermoplastic materials, of rated voltages Uo/U up to and
including 450/750V, used in power installations.
HD 21.1 S4 specifies the marking of the cable and extension leads, the core
identifications, general requirements for the construction of the cables (conductors and
-electrical tests for the

insulation) and requirements for the electrical and non

thermoplastic insu  lation materials

Note: HD 21.1 S4 is related to IEC 60227
rated voltages up to and including 450/750
directly equivalent.

(Remark: IEC 60227 -1993 and the amendment

2007. )

-1: 1993

i Patl:G ener al

APol yviny

HD 21.1 S4 defines  for instance other types of insulation materials in comparison
60227 -1:2007. HD 21.1 sS4 defines types Tl 1, TI 2, TI 4, TI 5 and TI 6 for conductor

insulation material , whereas IEC 60227 -1 defines Type PVC/C (fixed installation),
PVC/D (flexible cables) and PVC/E (heat resistance cables).

12117 ENHD?221 S4 f@ACabl es

having cross linked insulation
by EN 50525 -1:2011

Note: HD 22.1 S4 is related to IEC 60245

voltages up to and including 450/750V
directly equivalent.
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1.2.1.1.8 HD 60364 -1:2008 Low-voltage electrical installation s - Part 1: Fundamental
principles, assessment of general characteristics, definitions

Harmoni zed Document 60364 -1 (IEC 60364 -1) gives the rules for the design, erection,

and verification of electrical installations. The rules are intended to provide for the
safety of persons, livestock and property against dangers and damage which may arise

in the reasonable use of electrical installations and to provide for the proper functioning

of those installations.

IEC 60364 -1 applies to the design, erection and v erification of electrical installations
such as those of

a) residential premises;

b) commercial premises;

c) public premises;

d) industrial premises;

e) agricultural and horticultural premises;

f) prefabricated buildings;

g) caravans, caravan sites and similar sites;

h) construction sites, exhibitions, fairs and other installations for temporary

purposes;

i) marinas;

j) external lighting and similar installations;

k) medical locations;

[) mobile or transportable units;

m) photovoltaic systems;

n) low -voltage generating sets.

IEC 60364 -1 covers

a) circuits supplied at nominal voltages up to and including 1 000 Vac or 1 500
Vd.c,;

b) circuits, other than the internal wiring of apparatus, operating at voltages
exceeding 1 000 V and derived from an installation having a voltage not
exceeding 1 000 Vac, for example, discharge lighting, electrostatic
precipitators;

c) wiring systems and cables not specifically covered by the standards for
appliances;

d) all consumer installations external to buildings;

e) fixed wiring for information and comm unication technology, signalling,
control and the like (excluding internal wiring of apparatus);

f) the extension or alteration of the installation and also parts of the existing
installation affected by the extension or alteration.

The different types of s ystem earthing are explained in paragraph 312.2 of the
standard. The system earthing configuration is expressed by a 2 letter combination
The first letter gives the relationship of the power system to earth:

9 T=direct connection of one point to the earth

1 I= all live parts isolated from earth, or one point connected to earth through a
high impedance
The second letter gives the relationship of the exposed -conductive parts of the
installation to earth:
1 T= direct electrical connection of exposed -conductive -parts to earth,
independently of the earthing of any point of the power system
1 N= direct electrical connection of the exposed -conductive -parts to the earthed

point of the power system.
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The following system earthing configurations are most common:

1. TN systems , with some additional configurations:
0 TN-S (Separated, neutral conductor and earth conductor are separated)
0 TN-C (Common: neutral conductor and earth conductor are common)
0 TN-C-S (Common -Separated: in a first part of the installation the neutral
and earth conductor are common in a second part of the installation they
are separated. After separation they must remain separated!)

l— Distribution (if any)

| Source | | Installation
«>.
| | |
i b
|
YL L1
1
r LYY O = =0 L2
1
- Fa'a s Q= =O L3
I
|=——— O = =0 /’ N
1
—-—==-- Fe) -T_C r— PE
I 1 o
B REtat i SRS SUSTERE NP NP SRS P,
! T i i
| 1 i i i
| 1 b imimimam e T i
| 1 Exposed-conductive-parts
- =4
Earthing at Earthing in
\ the source the distribution/
Earthing of system through
one or more earth electrodes IEC 2269/05

Figure 1-8: TN -S system with separate neutral conductor and protective conductor
throughout the system
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2. TT systems

Distribution (if any)

P Source J | Installation -
I\ f!\ /!\ e
1 ] |
r LYY - o L1
|
r=CY Y o - L2
|
I— m_o_ Ll® L3
1 »
= = == = =0= =0 7 N
|
. "
I o v PE
| L 1.
I OISO It I O T O IS
| i ; !
I :
|
|

- - —_— Exposed-conductive-parts
Earthing at Protective earthing
the source in the installation
IEC 2278/05
Figure 1-9: TT system with separate neutral conductor and protective conductor

throughout the installation

3. IT systems
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the system may be provided either as an alternative
to the protective earthing of the system or as an
additional provision. This earthing in the installation
need not be located at the origin of the installation

IEC 2280/05

Figure 1-10: IT system with all exposed -conductive -parts interconnected by a
protective conductor which is collectively earthed.

1.21.19 HD 60364 -5-52:2011: Low-voltage electrical installations - Part 5-52:
Selection and erection of electrical equipment - Wiring systems

IEC 60364 -5-52:2009 contains requirements for

I Selection an d erection of wiring systems in relation to external influences, such
as:
0 Ambientt emperature (AA) ;
o0 Presence of water (AD) or high humidity (AB) ;
o0 Presence of solid foreign bodies (AE) ;
o é

1 Determination of the current -carrying capacities which depends on

o Maximum operating temperature of the insulation material (PVC: 70°C,
XLPE: 90°C..) ;

0o The ambient temperature (Reference temperature is 30°C, the current -
carrying capacity decreases with increasing temperatures) ;

o The method of installation (examples of methods of installation are
defined in the Annex of the standard) ;

o The amount of single  core or multi core cables grouped (in e.g. a cable

tray) .

This standard also defines the minimum cross -sectional area of conduct ors (see Table
1-15)
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Table 1-15: HD 60364 -5-52:2011 minimum cross -sectional area

Conductor
Type of wiring system Use of the circuit - Cross-sectional area
Material
mm
Copper 1,3
Cables and Power and lighting circuits To align with cable standard
insulated 2
conductors Aluminium IEC 60228 (10 mm?)
Fixed (see note 1)
Installations - - —
Signalling and control circuits | Copper 0,5 (see note 2)
o Copper 10
Bare Power circuits -
conductors Aluminium 16
Signalling and control circuits | Copper 4
For a specific appliance IAESngteaCAgZSdm the relevant
Connections with flexible
insulated conductors and For any other application Copper 0,752
cables —
Extra-low voltage circuits for 075
special applications ’

NOTE 1 Connectors used to terminate aluminium conductors should be tested and approved for this specific use.

NOTE 2 In signalling and control circuits intended for electronic equipment a minimum cross-sectional area
of 0,1 mmZ is permitted.

NOTE 3 For special requirements for ELV lighting see IEC 60364-7-715.
NOTE 4 In the UK, 1,0mm2 cable is allowed for use in lighting circuits.

NOTE 5 In the UK 1,0 mm? copper cable is allowed for fixed installations utilizing cables and insulated
conductors for power and lighting circuits.

a

In multi-core flexible cables containing 7 or more cores, NOTE 2 applies.

The minimum cross -sectional area for conductors used in fixed installations is 1.5 mm?
for copper and 10 mm2 (1) for al uminium, as mentioned in Table 1-15. In the UK
1.0mm2 copper cable is allowed for fixed installations utilizing cables and insulated
conductors for power and lighting circuits (see Note 5).

Remark: In IEC 60228 there are no specifications defined for Aluminium conductors

smaller th an 10mma3.

Special attention is needed for dimensioning the cross -sectional area of the neutral
conductor (paragraph 524.2). In applications (e.g. IT infrastructur e) where the third
harmonic and odd  multiples of third harmonic currents are higher than 33%, total
harmonic distortion, it may be necessary to increase the cross -section al area of the
neutral conductor. In some cases the cross sectional area of the neutra | conductor has
to be dimensioned on 1.45xIb of the line conductor.

The informative  Annex G of the standard determines maximum Voltage drop values for

consumer s & i nEhe wltageadtop is defined as the voltage difference between

the origin of an electrical installation and any load point (see Table 1-16 for voltage
drop values for lighting and other uses)

This annex is informative so in fact not obligator y.
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Table 1-16: Voltage drop values for lighting and other uses

Type of installation ng?ﬁtlng Othe:éusos
| A = Low voltage installations supplied directly from a public low 3 5
| voltage distribution system
| B - Low voltage installation supplied from private LV supply® 6 8

“ % As far as possible, it is recommended that voltage drop within the final circuits do not exceed those indicated in
| Installation type A.

|
| When the main wiring systems of the installations are longer than 100 m, these voltage drops may be increased

by 0,005 % per metre of wiring system beyond 100 m, without this supplement being greater than 0,5 %.

| Voltage drop is determined from the demand by the current-using equipment, applying diversity factors where
] applicable, or from the values of the design current of the circuits.

{
|

The higher these voltage drop values the higher the energy losses in the cable (e.g.f or
a resistive load a voltage drop of 5% is equal to an energy loss of 5% ).

Annex | of the standard contains an overview of deviations and/or additional
requirements at member state level.

1.2.1.1.10 HD 361 S3:1999/A1:2006 System for cable designation
This Harmonisation Document details a designation system f or harmoni zed power
cables and cords, of rated voltage up to and including 450/750 V. (see Table 1-17)

Table 1-17: Cable designation system

Symbol Relationship of Cable to Standards
H Cable conforming with harmonised standards

Recognised National Type of cable listed in the relevant Supplement to harmonised
standards

Symbol Value, Uo/U

01 =100/100V;
(<300/300V)
03 300/300V
05 300/500V
07 450/750V

Part 2 of the Designation

Symbol Insulating Material

B Ethylene-propylene rubber

G Ethylene-vinyl-acetate

J Glass-fibre braid

M Mineral

N Polychloroprene (or equivalent material)
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1

N2 Special polychloroprene compound for covering of welding cables according to HD 22.6
N4 Chlorosulfonated polyethylene or chlorinated polyethylene
N8 Special water resistant polychloroprene compound
Q Polyurethane
Q4 Polyamide
R Ordinary ethylene propylene rubber or equivalent synthetic elastomer for a continuous
operating temperature of 60°C
S Silicone rubber
T Textile braid, impregnated or not, on assembled cores
T6 Textile braid, impregnated or not, on individual cores of a multi-core cable
\% Ordinary PVC
V2 PVC compound for a continuous operating temperature of 90°C
V3 PVC compound for cables installed at low temperature
V4 Cross-linked PVC
V5 Special oil resistant PVC compound
7 Polyolefin-based cross-linked compound having low level of emission of corrosive gases
and which is suitable for use in cables which, when burned, have low emission of smoke
71 Polyolefin-based thermoplastic compound having low level of emission of corrosive gases
and which is suitable for use in cables which, when burned, have low emission of smoke
Sheath, concentric conductors and
Symbol
screens
C Concentric copper conductor
ca Copper screen as braid over the assembled
cores
Symbol Sheath, concentric conductors and screens
D Strain-bearing element consisting of one or more textile components, placed at the centre
of a round cable or tributed inside a flat cable
D5 Central heart (non strain-bearing for lift cables only)
D9 Strain-bearing element consisting of one or more metallic components, placed at the
centre of a round cable or distributed inside a flat cable
Symbol Special construction
No Symbol Circular construction of cable
Flatconstruction of fidivisibleod cabl
H
sheathed
H2 Fl at constrdcvienbbfofionabl es and c
H6 Flat cable having three or more cores, according to DH 359 or EN 50214
H7 Cable having a double layer insulation applied by extrusion
H8 Extensible lead
Symbol Condl_Jctor
material
No Symbol Copper
-A Aluminium
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