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Executive Summary

EXECUTIVE SUMMARY

This study was done for preparing the implementation of the Ecodesign or Energy
Related Products (EED) Directive (2009/125/EC) related to power cables on behalf of
the European Commission DG ENTR unit B1. The information provided herein can serve
to prepare for subsequent phases, including conducting an impact assessment on policy
options, to prepare a paper for the Consultation Forum and finally draft regulation for
the Regulatory Committee or other policy instruments. Those phases are to be carried
out by the European Commission. This study also discusses other policy instruments
compared to the EED.

In a multi stakeholder consultation, a number of groups and experts provided
comments on a preliminary draft of this report. The report was then revised, benefiting
from stakeholder perspectives and input. The views expressed in the report remain
those of the authors, and do not necessarily reflect the views of the European
Commission or the individuals and organisations that participated in the consultation. A
list of stakeholders that participated in this consultation and further information on
project meetings and comments can be found in a project report that is published
complementary to this report.

The study follows the European Commission’s MEErP methodology and consists of
seven Tasks:

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

Task 2 - Markets (volumes and prices);

Task 3 - Users (product demand side);

Task 4 - Technologies (product supply side, includes both Best Available Technology
(BAT) and Best Not Yet Available Technology (BNAT));

Task 5 - Environment & Economics (base case Life Cycle Assessment (LCA) & Life Cycle
Costs (LCQC));

Task 6 - Design options(improvement potential);

Task 7 - 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 inhomogeneous
product groups to re-group or narrow the product scope, as appropriate from an
ecodesign point of view.

Together with this study MEErP EcoReports of task 5 and 6 are provided and an excel
tool designed for task 7.

The findings in Task order are the following:

Task 1&0:

The scope of the study is: ‘losses in installed power cables in electric circuits in
buildings after the meter’ 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 building. The electrical installation including loads are
taken into account at system level, this is explained in more detail in chapter 3.
Amongst others it means that the installation will be analysed at the level needed
related to cable losses.

More in detail, the scope defined is losses in installed power cables in buildings that
covers low voltage power cables for fixed wiring used in indoor electrical installations in
non-residential buildings and initially also in residential buildings. The first screening
estimated losses in the services and industry sector about 2% while losses in the
residential 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. The
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assessment is about business as usual in new installed circuits according to the current
standards. Some stakeholders pointed out that in some member states old residential
installation still might have inefficient electric circuits but promoting renovation in
residential houses but this cannot be addressed by the EDD. Therefore the focus in the
subsequent tasks is on the services and industry sector circuits. Losses in installed
power cables in buildings are directly related to the loading.

The primary functional performance parameter of the cable is ‘current-carrying capacity’
and for electric circuits it is the rated current.

Relevant standards, definitions, regulations, voluntary agreements and commercial
agreements on EU, MS and 3™ country level are part of this task report. Important
secondary performance parameters are the ‘Nominal Cross-Sectional Area (CSA)’ and
its corresponding ‘maximum DC resistance at 20°C (R20)’, which are defined in
standard IEC/EN 60228. Cable Nominal Cross-Sectional Areas (CSA) are harmonized in
this standard and increase stepwise (1-1.5-2-4-6-.. mm?2). For the performance
electrical installation codes play an important role and they can differ per member state.
Important performance standards are IEC 60287-3-2 on the Economic optimization of
power cable size and IEC/EN 60364-8-1 on Energy efficiency in Low voltage electrical
installation.

Task 2:

Input parameters for a stock and sales model were collected. Therefore the stock or
stock growth rate of power cables in buildings is linked to the stock and stock growth
rate of buildings respectively. The stock, stock growth rate, replacement, and
demolition rates for power cables were deduced from the corresponding building
parameters. Absolute stock and sales were estimated based upon these figures and
verified with PRODCOM data. The input from stakeholders regarding product lifetime is
taken into account.

The results can be found in Table 1-1. These values will be used in the Tasks 5 up to
and including 7.

Table 1-1 Summary of cable stock, growth and sales rates

Replace- Stock

Stock Demolition [ ment sales | New sales | Total sales | (Reference

Sector Product life |Service life| Vacancy [growth rate rate rate rate rate year: 2010)
Unit| Year Year % % p.a. % p.a. % p.a. % p.a. % p.a. kTon Cu %

Residential sector 64.00 60.80 5% 0.90% 0.10% 1.18% 0.90% 2.08% 5241 43%
Services sector 25.00 23.75 5% 1.90% 0.20% 3.20% 1.90% 5.10% 3250 26%
Industry sector 25.00 23.75 5% 2.90% 0.20% 2.80% 2.90% 5.70% 3825 31%
Total sector (weighted)| 41.60 39.52 5% 1.79% 0.16% 2.22% 1.79% 4.00% 12316 100%

Installation times, cable and connector prices are defined in this chapter along with
energy and financial rates. For copper power cables this study uses an average
discounted cable price of 0.09434 €/ (mm=2. m).

The input market stock, sales and growth data was not directly available and as
explained in the respective sections the deduced and projected data has a certain
degree of uncertainty, therefore a complementary sensitivity analysis and cross checks
are performed in Tasks 4 to 7.

Task 3:
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The use of the power cable is mainly defined by the characteristics of the circuit, the
load distribution in the building and the power consumption profile of the connected
loads.

The most important parameters for the circuit characteristics are the average circuit
length in meters and minimum and maximum cable cross sectional areas (CSA) in mm?2
per circuit type.

The most important parameters related to the power consumption profile of the loads
are: load factor, load form factor and power factor.

There is a big spreading in these parameters and ‘the European average electric circuit
is not directly defined neither existing. This might introduce a large degree of
uncertainty in later tasks and therefore ranges of data are included which allow
complementary sensitivity analysis in Tasks 6 and 7.

li

A typical product lifetime in the service and industry sector is about 25 years. Due to
the high scrap value of copper, recycling of cables is common business and the MEErP
defaults value of 95 % will be used.

On user behaviour the stakeholder questionnaires! also revealed that:

e Electro-installers are unaware of the losses in circuits;

e In practice, calculation of losses is not performed when designing an
installation. Mostly only voltage drop and safety restrictions are taken into
account;

e The responsibility regarding the budget for the investment and the budget for
operating expenses is in most cases split and linked to different departments.
As a result no economic Life Cycle Cost (LCC) evaluation is performed and the
installation with the lowest investment costs is often selected;

e Tenders do not include a requirement to perform LCC calculations in the offer.

Task 4:

At the product level of the power cable itself, there are no improvement options
identified related to energy efficiency because every cable cross sectional area (CSA) on
the market has a certain load and cable length to fit with.

At circuit level (system level) two improvement options are identified, the first is
installing a cable with a larger CSA (‘S+x’) and the second is installing one or more
cables in parallel with the same CSA ('2S’). This task also includes the necessary
product data for subsequent life cycle impact modelling which is primarily based on its
Bill-of-Material (BOM). A larger CSA will increase the BOM and therefore this
environmental impact will be modelled in later Tasks with the MEErP Ecoreport tool.

Task 5:

Previous Task 4 identified improvement options at circuit level. In this Task nine so-
called base cases (BC) were selected that represent typical electric circuits in line with
the market structure and data described in Task 2. Base Cases according to MEErP are
abstractions from reality that serve for modelling purposes. These base cases used the
‘median’ electric circuit parameters from Task 3, such as load factor and cable length.
The nine base cases used are:

Base case 1: distribution circuit in the services sector;

Base case 2: lighting circuit in the services sector;

Base case 3: socket-outlet circuit in the services sector;

Base case 4: dedicated circuit in the services sector;

Base case 5: distribution circuit in the industry sector;

! This questionnaire was sent to installers on the 30" of September, 2013 in the context of this
study. A second questionnaire was sent on the 7™ of July, 2014. The results were combined. See
“Preparatory Studies for Product Group in the Ecodesign Working Plan 2012-2014:Lot 8 - Power
Cables Project report”.
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e Base case 6: lighting circuit in the industry sector;

e Base case 7: socket-outlet circuit in the industry sector;

e Base case 8: dedicated circuit in the industry sector

(BC1 up to and including BC8 are with copper conductors);

e Base case 9: base case 8 but with aluminium instead of copper.
The environmental impact analysis and LCC obtained with the MEErP tool showed that
in most cases the use phase, because of electrical cable losses, is dominant. As a
consequence, there will be room left for economic energy savings in several of those
base cases that will be analysed in detail in Task 6. The data of the nine base cases was
also summed using EU-28 circuit level stock data and cross-checked with total EU-28
data on electricity use from Task 2. This showed an overestimation compared to EU-28
data on energy use. This means that the ‘median’ parameters for the base cases from
Task 3 do not reflect ‘average reference’ parameters that can be used in a stock model
in Task 7. Therefore corrections factors on those ‘median’ parameters were calculated
that fit with total EU energy consumption. This also indicates that potentially a lot of
circuits in the stock have a relative lower loading and/or longer circuit length and/or
higher share of base cases with lower loading.
The annual electricity loss in cables in the service and industry sector at EU-28 level
was estimated about 42 TWh which fits with cross checks in the report.

Some cable insulation additives did not match one-to-one with the limited set of
materials available in the MEErP Ecoreport tool, therefore alternative materials were
chosen and a small sensitivity analysis showed that this has limited impact on the
outcomes.

Task 6:

The previous Task 5 identified the use phase as the most important and hence reducing
cables losses are the way forward to improve environmental impact. Reducing cable
losses in installed cables can easily be done by decreasing the cable resistance and by
increasing the copper cross-sectional area (CSA). The methods identified to increase
the CSA were installing a cable with a larger CSA (*S+x’) and/or installing more cables
in parallel with the same CSA (*2S').

Three design options (D1, D2, D3) were calculated with stepwise increased CSA(S+1,
S+2, S+3). Another design option (D4) calculated two cables in parallel. These are the
four design improvement options that are applied to the nine defined base cases in
Task 5.

This task concluded that those design options have a positive impact on almost any of
the environment parameters generated with the MEErP EcoReport tool. In summary all
the parameters including Global Warming Potential (GWP) improved, except impact
from 'water (process)', 'heavy metals (emissions in water and air)' and 'Particulate
Matter (PM)'. The defined base cases, representing the so-called lighting and socket-
outlet circuits, performed relative less. In particular the parameters Polycyclic Aromatic
Hydrocarbons (PAHs), PM and Eutrophication increased in several ‘improvement’
options. Therefore policy measures from Task 7 are defined carefully not imposing an
increased CSA for any circuit disregarding their loading.

Based on input from previous tasks, LCC has also been calculated for all options and
the LLCC improvement options were identified. In is important to note that for base
cases, representing circuits with a low load, the Least Life Cycle Cost (LLCC) option is
‘Business As Usual’ (BAU), hence no economic improvement potential is identified. All
other defined base cases (1, 3-9) showed economic justified improvement potential.
The explanation for these differences is related to the variations in the loading behind
the defined base cases.
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Finally also a sensitivity analysis has been done on the circuit loading parameters,
circuit length, product lifetime and product price. The sensitivity analysis showed that
the best design option considering BAT and LCC varies depending on the assumptions
made for the parameters.

It should be noted that depending on the local situation shifting to a particular design
option may not be technical feasible, because it often requires more space for the cable
installation which is not always available. In practice not all improvement options can
be realized because the impact of the design options on accessories (ducting systems,
trunking systems, junction boxes, etc.) and on the building space that are left out of
the quantitative analysis.

Task 7:
The proposed policy options in this task take into account the findings from previous

tasks.

From Task 1 it was proposed to focus on ‘losses in installed power cables in buildings’,
the power cable being the product put into service by the electrical installer in a circuit
of an electrical installation in a building. As a consequence proposed policy measures
focus on the power cables itself and/or the installed power cables in electric circuits in
buildings. Therefore, there is also no policy option proposed to set minimum
requirements on the cable cross-sectional area (CSA), because they have their
economic justified function in circuits with low loading and/or other applications such as
machinery. The proposed policy measures at product level are therefore only generic on
the provision of information related to cable losses. By consequence most policy
measures are formulated at electric circuit or system level, which is not directly in the
‘product’ scope of the Ecodesign of Energy Related Products Directive (2009/125/EC).
The policy options are mostly related to upgraded standardization, labelling and/or
electrical installation codes. Task 7 also discusses pros, cons and timing of the
proposed policy measures. The task also explains why no other specific ecodesign
requirements on the type of cable insulation and/or conductor material are proposed.

This task also calculates different scenarios on energy use and cost with a sensitivity
analysis on key parameters like discount rate, inflation rate, energy escalation rate,
product lifetime, stock growth rate and product price. In a Business-as-Usual (BAU)
scenario the energy losses in power cables in the industry and service sector in 2025
are forecasted at 56.67 TWh, which would be about 2.5 % of the transported
electricity in 2025. In an ultimate scenario assuming full impact from 2017 for all
proposed policy measures based on the least life cycle cost option these losses could be
reduced up to -7.60 TWh in 2025. Various other scenarios are calculated taking into
account different policy options, gradual timing of measures and partial impact.
Afterwards a sensitivity analysis is done on the key parameters that have an impact on
these scenarios. This is useful because the policy scenarios are based on new sales and
replacement sales of power cables and this is related to the EU28 economic growth
which might be optimistic in this study. For example, the sensitivity analysis showed
that a longer product life and lower stock growth has a significant impact on all
outcomes. A tool complementary to this study for calculating scenarios with their costs
and benefits has been provided to the EC.

It is expected that the proposed measures will have a positive impact on the labour for
installers, cable manufacturers and distributors.
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Task 1 - Scope

CHAPTER 1 TASK 1 - SCOPE

Objective: This task classifies and defines the energy-related product group power
cables and sets 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. EN 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 during 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 stock 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:

. Primary and secondary functional performance parameters (Functional Unit);
o Resource use (energy, etc.) during product-life;

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

. Other product specific test procedures.

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

Summary of Task 1:

The scope of the study is: ‘losses in installed power cables in electric circuits in
buildings after the meter’ 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 building. The electrical installation including loads are
taken into account at system level, this is explained in more detail in chapter 3.
Amongst others it means that the installation will be analysed at the level needed
related to cable losses.

More in detail, the scope defined is losses in installed power cables in buildings that
covers low voltage power cables for fixed wiring used in indoor electrical installations in
non-residential buildings and initially also in residential buildings. The first screening
estimated losses in the services and industry sector about 2% while losses in the
residential 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. The
assessment is about business as usual in new installed circuits according to the current
standards. Some stakeholders pointed out that in some member states old residential
installation still might have inefficient electric circuits but this cannot be addressed by
the Ecodesign Directive(EED). Therefore the focus in the subsequent tasks is on the
services and industry sector circuits. Losses in installed power cables in buildings are
directly related to the loading.

The primary functional performance parameter of the cable is ‘current-carrying capacity’
and for electric circuits it is the rated current.
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Task 1 - Scope

Losses in installed power cables in buildings are directly related to the loading.
Therefore nine functional categories of cable circuits were defined,
i.e. 'lighting’, 'socket-outlet’” and ’‘dedicated’ circuits in the ‘residential’, the ‘services’
and the ‘industry’ sector.

A first screening estimated losses in the services and industry sector about 2% while
losses in the residential 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 subsequent tasks on the services and
industry sector circuits.

Relevant standards, definitions, regulations, voluntary agreements and commercial
agreements on EU, MS and 3™ country level are part of this task report. Important
secondary performance parameters are the ‘Nominal Cross-Sectional Area (CSA)’ and
its corresponding ‘maximum DC resistance at 20°C (R20)’, which are defined in
standard IEC/EN 60228. Cable Nominal Cross-Sectional Areas(CSA) are harmonized in
this standard and increase stepwize(1-1.5-2-4-6-.. mm?2). For the performance
electrical installation codes play an important role and they can differ per member state.
Important performance standards are IEC 60287-3-2 on the Economic optimization of
power cable size and IEC/HD 60364-8-1 on Energy efficiency in Low voltage electrical
installation.

27



Task 1 - Scope

1.1 Product Scope

1.1.1 Key methodological issues related to the product scope definition

In this task the classification and definition of the products should be based notably on
the following categorizations:
e Prodcom category or categories (Eurostat);
e Categories according to EN- or ISO-standard(s);
e 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 standalone 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 categorised products relevant for power cables.

The above existing categorizations 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 the 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 performance
characteristics, and not on technology.

Where relevant, a description of the energy systems affected by the energy-related
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
improvement 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) (section 1.3.1).
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Task 1 - Scope

1.1.1.1 Important definitions and terminology in electrical installations

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

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 installation (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: circuit
(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 conductors 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'un 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 respect to its
cross-sectional dimensions

Note - 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 as 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: 461): assembly consisting of:
o One or more cores,
o their covering(s) (if any),
o assembly protection (if any),
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30

o protective covering(s) (if any).
Note - Additional uninsulated conductor(s) may be included in the cable;

Insulation of a cable (IEC Electropedia Area: 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 electric field within the
insulation.

Note - 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): uniform and
continuous tubular covering of metallic or non-metallic material, generally
extruded

Note — 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 the 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 - Metallic sheaths, foils, braids, armours and earthed concentric
conductors may also serve as shields.

Note 2 - In French, the term "blindage" may be used when the main purpose of
the screen is the protection from external electrical influence;

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

Note - The French term «cable unipolaire» is more specifically used to designate
the cable constituting one of the phases of a multiphase system;

Solid conductor (IEC Electropedia Area: 461): conductor consisting of a single
wire;
Note - The solid conductor 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 — The cross section of a stranded conductor may be circular or otherwise
shaped.

Note 2 - The term “strand” is also used to designate a single wire;

Wire strand (IEC Electropedia Area: 461): one of the individual wires used in the
manufacture of a stranded conductor.
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1.1.2 Context of power cables within buildings and their electrical installation

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
electrical meter. This is in line with the working plan 2012-20142 and the Consultation
Forum (CF-2012-02-EC) regarding power cables. In the working plan and at the
Consultation Forum (CF-2012-02-EC) it was explained that this product group concerns
cables within domestic and industrial buildings. A rationale 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 Ecodesign of
Energy Related Products Directive® 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 and
electrical armour requirements. Voltage levels used in electrical power cables are:
e High Voltage (HV): voltage whose nominal r.m.s. value lies above 35kV
¢ Medium Voltage (MV): voltage whose nominal r.m.s. value lies above 1kV and
below 35 kV (EN 50160)
e Low Voltage (LV): voltage with a maximum of 1000Vac (IEV 601-01-26 /
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 parts of a LV power cable

Basically a cable consists of one or more conductors (a “core” is an insulated conductor),
insulation material of the conductors, an inner sheath and an over sheath (Figure 1-1).

1. Solid Copper conductor

4 3 2 1
| | 2. Insulation of the conductor
. E‘f—l—f‘— 3. Inner sheath

4. Over sheath

Figure 1-1: A typical LV cable

Depending on the application (installation method, voltage level, environmental
conditions...) an additional mechanical protective cover (armour) and/or an electrical
shield can be present (Figure 1-2).

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

lan
3

http://ec.europa.eu/enterprise/policies/sustainable-business/ecodesign/product-
groups/index en.htm
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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:

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 conductive 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)
. o )
EIectlill\(;laSI/cr:rc])]l'l;Il.E(;E\/Iiy(/:gE]ZO C 58 /100 35/ 61
Thermal co[l’\lls;ritli(\aity at 20°C 397 230
[%322?3 8.89 2.7

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 Vinyl Chloride), PE
(Polyethylene); thermosetting compounds such as XLPE (Cross-linked
Polyethylene), EPR (Ethylene Propylene Rubber) or other synthetic or natural
materials. Sometimes also so-called halogen-free insulation is used to avoid
harmful smoke from PVC during fire hazards.

4 IACS: International Annealed Copper Standard
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e 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.

e Sheath: Uniform and continuous tubular 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.

e 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

A Insulation
!

Beddin:
{ 9

Armour
—

Sheath

Fillers

Figure 1-2: An armoured 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 commonly 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

—
\L‘A —
. '

—~—

> See comments Europacable - first stakeholder meeting
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Figure 1-3: A shielded LV cable

Copper is the most used conductive material in wirings in buildings. Besides the
electrical losses, the 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 determined by Ohm'’s law of physics and are also called Joule
losses. The magnitude of these losses increases with the square of the load current and
is proportional to the cable electrical resistance. As a consequence without loading
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 lighting three different topologies are commonly used:

e Bus approach (e.g. DALI), where the switching is done near the lighting point by

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

The amount of cable used in an electrical installation depends among others on the kind
of topology that is applied. A star topology, connecting each individual appliance to a
central point by a dedicated cable, will increase the total length of cable used in the
installation. The average load per cable decreases compared to a traditional or bus
topology, therefore cables with a smaller CSA could be used. In practice however, the
same cable sections are used as in other topologies, unless the electrical installation
design is calculated.

Electrical installations in buildings

Electrical installations in buildings are defined by the international standard IEC 60364
series and fixed wiring products (cables) in the standards IEC 60227 and IEC 60245.
Electrical installation rules at EU member state level are in general according to these
international and European standards, however there may exist deviations and/or
additional requirements at member state level. The above mentioned standards are
primarily concerned with safety aspects of the electrical installation. However cables
with cross section areas beyond what is required for safe installations could lead to a
more economic operation and energy savings.

Cables are part of electrical circuits in electrical installations. The current-carrying
capacity is limited by circuit breakers because of safety reasons. Electrical circuits can
have socket-outlets or can be directly connected to loads, e.g. for lighting. The power
electrical installation system is typically described with a so-called ‘One-line diagram’.
Examples of one-line diagrams of electrical circuits with typical IEC component symbols
are included in Figure 1-4 and Figure 1-5. The latter is a two-level electrical circuit,
meaning that there is a main distribution board with circuit breakers and a second-level
distribution board(box) with circuit breakers directly connected to the loads.

6 http://en.wikipedia.org/wiki/One-line _diagram
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Figure 1-5: Simplified electrical diagram with 2 circuit levels

1.1.3 First proposed scope of this study

As a conclusion from the context discussion in 1.1.2 the first scope proposal is in
brief: ‘losses in installed power cables in electric circuits in buildings after the
meter’ 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 building.

The electrical installation including loads are taken into account at system level, this is
explained in more detail in chapter 3 amongst others it means that the installation will
be analysed at the level needed related to cable losses.

"

More in detail, the scope of this study “losses in installed power cables in buildings
covers Low Voltage power cables for fixed wiring used in indoor electrical installations
in:

e Residential buildings;

¢ Non-residential buildings:

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, café’s...
o Health facilities: Hospitals, surgeries,..
o Educational facilities: Schools, colleges, academies, universities,
nurseries, ..

7 Ecofys report, Panorama of the European non-residential construction sector, 9 December 2011

36



Task 1 - Scope

o Offices
o Other buildings: Warehouses, recreation facilities...
- Industrial buildings: factories, workshops, distribution centres....

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

Practically, the scope includes low 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, shielded.... depending on the application and on
the European and National wiring regulations.

Explanation of the terms used in the scope:

e “Low voltage”: voltage with a maximum of 1000Vac (IEV 601-01-26). In Europe
the standard nominal voltage for public Low Voltage 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 r.m.s and 400Vac
r.m.s between 2 phases.

e “Fixed wiring”: refer to the method of installation of the cable in the building e.g.
enclosed in conduit, installed on a cable tray, cable trunking, cable ladder.... (see
IEC 60364-5-52, Table A.52.3)

e “Insulated cables”: assembly consisting of:
o One or more cores,
o their individual covering(s) (if any),
o assembly protection (if any),
o protective covering(s) (if any).
Note - Additional un-insulated conductor(s) may be included in the cable

e "Single core cables”: cable having only one core
o Note - The French term «cable unipolaire» is more specifically used to
designate the cable constituting one of the phases of a multiphase
system.

Remark: Further in this study the word “power cables” will be used as a general term
for single core or multi-core power cables, unless otherwise stated.

Out of the scope in this study:

e Losses in circuit breakers;

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

e Losses due to poor connections (“A recent study found that average electrical
distribution system losses accounted for 2% of a plant’s annual energy use.
Losses due to 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 Energy”)?;

Utility cables for transmission (HV) and distribution (MV,LV) of electrical energy;
Power cables for Nuclear power plants (require higher-quality cables that meet
stringent Nuclear Regulatory Commission standards);

8 ECI Publication No Cu0192: APPLICATION NOTE INFRARED SCANNING FOR ENERGY
EFFICIENCY ASSESSMENT -Paul De Potter - January 2014
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Power cables for hazardous locations (in ATEX zones);

Cables used for power plants such as PV, Wind, ....;

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

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

Busbar Trunking systems;

Outside 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):

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.
Measures on product level could as such have an impact on machine
construction.

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

Building design and construction

LV distribution board

Outside 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):

utility cables, be it low Voltage, Medium Voltage and High Voltage utility cables,
all the cables with a rated voltage above 1000Vac r.m.s,

extra Low voltage (e.g. 24Vdc/ac; 12Vac...) cables,

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

the electrical distribution boards, internal wiring in the distribution boards,
(smart) KWh-meter, RCD...,

data cables (Ethernet cable, TV ..), telephone cables, lift cables, safety cables
(fire alarm..), , welding cables, instrumentation cable,... 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..).

DC cables for PV installations

power cords of the electrical apparatus and the internal wiring of these
apparatus,

building automation systems, lighting controls, .....

1.1.4 Prodcom category or categories

The only category found in Prodcom, related to the scope of this study, is the category
with NACE code 27321380.

Table 1-2 ProdCom data

Prodcom

NACE code Description

27321380 Other electric conductors, for a voltage <= 1000 V, not fitted with connectors
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1.1.5 Categories according to IEC, EN- or ISO-standard(s)

Cables can be roughly divided into High voltage cables (> 1kVac) & 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 defining subcategories of cables according to
the field of application.

1.1.5.1 IEC 60228

IEC 60228: "Conductors of insulated cables” defines 4 classes for conductors:
- Class 1: solid conductor
- Class 2: stranded conductors
- Class 5: flexible conductors
- Class 6: flexible conductors 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.

1.1.5.2 IEC 60227-1

The following classes and types are defined in IEC 60227-1: “Polyvinyl chloride cables
of rated voltage up to and including 450/750V - general requirements”:

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).

1.1.5.3 IEC 60245-1

IEC 60245-1: "Rubber insulated cables — Rated voltages up to and including 450/750
V - Part 1: General requirements” defines the following classes and types:

0 Non-sheathed cables for fixed wiring
03 Heat-resistant silicone insulated cable for a conductor temperature of maximum
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04

05

06

07

180 °C (60245 IEC 03).

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).

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).

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

Energy (or power) cables: Cables for transmission & distribution of electrical
energy

o LV, MV and HV (AC/DC) cables
o Underground / overhead cables

Industrial cables

o LV,MV,(HV) cables
o Power, control, instrumentation.. cable

Building wire cable

o Cables for fixed wiring (e.g. Class 1&2- EN60228)
o Other (flexible) cables (e.g. Class 5&6 - EN 60228)

Special purpose cables (automotive, railway, renewables, military...)
Communication cables (data, telephone..)

Categories according to the composition of the cable:

Conductor material: Copper or Aluminium
Insulation and sheath material: bare or insulated conductors/cables. Insulation
and sheath material depends on:

o The rated voltage level: LV, MV, HV

o Mechanical requirements: bending radius, elongation, tensile strength,
abrasion, max diameter, ..

o Chemical requirements: resistance to chemical products (oil, fuels,
acids,..) and resistance to fire/heat, halogen free

A further categorisation can be made, based on:

40

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)

The construction of the conductor: Solid, stranded, flexible

The amount of conductors in the cable: single core or multicore
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1.1.7 Proposal for primary product performance parameter or ‘functional unit’

Knowing the functional product used in this study we now further explain what is called
the “functional unit” for installed power cables which form parts of electrical circuits.

In standard 14040 on life cycle assessment (LCA) the functional unit is defined as “the
quantified performance of a product system for use as a reference unit in life cycle
assessment study”. The primary 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 functionally equal electrical power
distribution cables and/or circuits. Further product segmentations will be introduced in
this study in order to allow appropriate equal comparison.

The primary functional performance parameter for cables in this study is
“current-carrying capacity”.

The “current-carrying capacity” of a cable or (insulated) conductor 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
Amperes [A].

The current-carrying capacity of a cable depends on:

e Conductor material: Cu or Al or alloys;

e Nominal cross sectional area of the conductor (expressed in mm?2);

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

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

e Method of installation: The installation method has an impact on the heat
transfer from the conductor to the environment;

The primary functional performance parameter for electrical circuits in this
study is “"the rated current”.

In a circuit the current-carrying-capacity is limited by the rated current (In) of the
circuit breaker.

IEC 60898-1 and European Standard EN 60898-1 define the rated current (In) of a
circuit breaker for low voltage distribution applications as the maximum current that
the breaker is designed to carry continuously (at an ambient air temperature of
30 °C).Industrial circuit-breakers must comply with IEC 60947-1 (general rules) and
60947-2 (part 2: circuit-breakers) or other equivalent standards. Domestic-type circuit-
breakers must comply with IEC standard 60898, or an equivalent national standard.

Note: in some North-American countries the word “ampacity” is used to express the
current-carrying capacity.

1.1.8 Secondary product performance parameters
These parameters can be divided in two subcategories:
e secondary product performance parameter related to the construction of the

cable;
e secondary product performance parameter related to the use of the cable.
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1.1.8.1 Secondary product performance parameters related to the

construction of the cable

The secondary product performance parameters related to the construction of the cable

are:
.

42

Nominal Cross-Sectional Area (CSA): a value that identifies a particular size
of conductor but is not subject to direct measurement, expressed in mmz2 (IEC
60228). The csa of the conductor is standardized: e.g. 0.5 mm?2, 0.75mm?2, 1
mm2, 1.5 mm2, 2.5 mm2 ....

The cross-sectional area of conductors shall be determined for both normal

operating conditions and for fault conditions according to (IEC 60364-1):

e their admissible maximum temperature;

e the admissible voltage drop;

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

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

e the maximum impedance with respect to the functioning of the protection
against fault currents;

e the method 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 - 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 Ry,p= 18.1 Ohm/km; for a class 5, 1 mm?2 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:

e U0 is the r.m.s value between any insulated conductor and “earth” whereas

e U is the 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:
e Thermoplastics (PVC, PE, PP,..);

e Thermosettings (Neoprene, Silicone Rubber...);

e Elastomers (XLPE, EPR,...).

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

Conductor material (Cu, Al): Copper and aluminium are the most commonly
used metals as conductors. The compositions of copper and aluminium wire for
the manufacturing of electrical conductors are specified in respectively
EN13601/13602 and EN1715.

Number of cores in the cable: In general a distinction is made between single
core and multi-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
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2, 3, 4, 5 or more cores, each individually insulated and globally 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 the 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, also
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
to form a larger conductor. The type of construction mainly has an effect on the
flexibility/bending radius, but it has also an 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 parameters related to the use of the cable in an
electrical installation system are the following:

At the level of the electrical installation system:

Supply parameters & topology of the grid:

o Nominal voltage (U and/or Uo)

o 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

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

o 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;

Design of the electrical distribution system in the building

o Main and/or sub distribution board (levels). Small installations have just
one level, the main distribution board feeding 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 Installation cable length: the total length of all fixed wired power cables
used in the total electrical installation of a building;

o 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;

External influences (see IEC 60364-5-51), such as:
o Environmental conditions:
= 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
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to applied for PVC cables installed in locations with a ambient
temperature of 40°C;

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

Utilisation of the building: The utilisation of the building has a significant
impact on the choice of the cables, especially on the fire behaviour of the
cables. Important building aspects related to this topic are:

= Condition of evacuation in case of emergency

* Nature of processed or stored material

Construction of the building: cables must be conform to the performance
criteria of the Construction Product Directive / Construction Product
Regulation (see further on)

At the level of the circuit:
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Voltage drop over the cable in a circuit (Volt): an electric current flowing
through 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
load) and the length of the cable. The voltage drop can be calculated with the
following formula (IEC 60364-5-52):

L
u=> (plgcosq) + AL simp) Ib

Where

u= voltage drop in volts;

b= the coefficient equal to 1 for three-phase circuits and equal to 2 for
single-phase circuits;

pl= the resistivity of the conductor in normal service, taken equal to the
resistivity at the temperature in normal service, i.e. 1.25 times the
resistivity at 20°C, or 0.0225 Qmm2/m for copper and 0.036 Qmm2/m
for aluminium;

L= the straight length of the wiring systems in metres;

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

cos ¢= the power factor; in the absence of precise details, cos ¢ is taken
as equal to 0,8 ;

A= the reactance per unit length of conductors, which is taken to be 0,08
m/m in the absence of other details;

Ib is the design current (in amps);

Load current (Ampere): This is the design current of the electric circuit and is
determined by the electric load in normal operation connected to the circuit. The
load current can be calculated as follow:

Ib = P/(Uo.cos ¢) for single phase systems
Ib = P/(W3.U.cos ¢) for three phase systems

Where P= active power of the load (Watt)
Uo= nominal voltage between line and neutral
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U= nominal voltage between the lines
Cos @ = power factor of the load

Single phase or three phase circuit;
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 the maximum or other
specified demand occurring within the same period

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

Note 2 - 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
squared (r.m.s) Power to the average Power (=Prms/Pavg);

o The r.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 has a
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:

1 t2
_ 2
Prms = \/tZ —a () x I(t))*dt

For a sine wave (eg. Grid voltage, power): y= asin(2rft) with amplitude “a”
and frequency “f”, the r.m.s value is rms = a/v2. or a x 0.707

o 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.

1 2 -
= VI(t)I(t) dt
r_g_h.[“ (H1(t)

For a sine wave (eg. Grid voltage, power): y=a sinxi(2nft) with amplitude “a”
and frequency “f” , the avg value is avg =a x % =a % 0.637

avg
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Pe*ak value (V_oorV, ) Relative to zero
A NN, T

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

Centre line (May also be zero)

Peak to peak

value (V)

Periodic time T (Frequency = 1/T)

o
-

Y

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

e 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;

- f876°1b(t)2.dt
A Imax®
where
e tis the time, in hours;

e Ib(t) the design current in function of time, in A;
¢ Imax is the maximum load on the cable during the first year, in A;

The energy losses according IEC 60287-3-2 are:

energy loss during the first year = [*max. RL.L.NP.NC.T

where

¢ Imax is the maximum load on the cable during the first year, in A;

e RL is cable resistance per unit length;

e Lis the cable length, in m;

e NP is the number of phase conductors per circuit (=segment in this
context);

e NC is the number of circuits carrying the same type and value of
load;

e T is the equivalent operating time, in h/year.

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 the cable, having an equal load (current)
over the total length of the cable.
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e Power factor (IEC 60364-5-52) of the load: is defined as the ratio of active
power (P - kWatt) to the apparent power (S’ - kVA). The power factor is equal
to cos @ for linear loads (i.e. loads with sinusoidal currents).

Q - Reactive Power
(kVAr)

P - Active Power (kWatt)

Figure 1-7: Relationship between active-, reactive- and apparent power

Where:

Active Power (P) (IEV 141-03-11): For a three-phase line under symmetric and
sinusoidal conditions, the active power is P = V3 Ul cos ¢ , where U is the r.m.s value
of any line-to-line voltage, I is the r.m.s value of any line current and ¢ is the
displacement angle between any line-to-neutral voltage and the corresponding line
current.

Apparent Power (S’) (IEV 131-11-41): product of the r.m.s voltage U between the
terminals of a two-terminal element or two-terminal circuit and the r.m.s electric

current I in the element or circuit §” = UI expressed in VoltAmpere, VA. For a
three-phase system, the apparent power is S” = 3 UI.

e Short-circuit intensity: Short-circuits causes large currents in the conductors
which lead to thermal stresses in these conductors. Therefore the breaking time
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:

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

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

e Kd distribution factor (defined for this study): distribution of the load over the
cable of a circuit. A circuit can have several connection terminals along the
circuit with different loads attached to it. As a result the current passing along
the circuit reduces towards the end. This distribution factor compensates this
effect by reducing the cable length to an equivalent cable length at peak load.
Note this is probably only relevant for small loads, as in general larger loads are
fed by dedicated circuits serving one single load;
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e Rated Diversity Factor (IEC 61439): the rated current of the circuits will be
equal to or higher than the design current (or assumed loading current). The
Rated Diversity Factor recognizes that multiple loads are in practice not fully
loaded simultaneously or are intermittently loaded.

¢ Amount of junction boxes per circuit;
e Number of nodes per circuit;
e Circuit levels 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 from the main distribution board;
o Circuit level 2 cables are cables that are connected to the end loads.

e Number of load per circuit;

e 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. It decreases with greater
depths in the conductor. The electric current flows mainly at the "skin" of the
conductor, between the outer surface and a level called the skin depth §. The
skin effect causes the effective resistance of the conductor to increase at higher
frequencies where the skin depth is smaller, thus reducing the effective cross-
section of the conductor.

e 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 ...) in which the cable is installed. Short circuits have an
negative impact on the lifetime, because of the high conductor temperatures
caused by the short circuit currents.

1.1.9 First screening

Objective:

The first product screening is a preliminary analysis that sets out the recommended
scope for the subsequent Tasks. As the full study investigates the feasibility and
appropriateness of Ecodesign and/or Energy Labelling measures, the first product
screening entails an initial assessment of the eligibility and appropriateness of the
product group envisaged.

Important note: These are indicative for a first screening only and will be
updated in later chapters.
1.1.9.1 Envisaged product application categories

When the classification is performed according the main application of the circuit, 12
categories are defined (see Table 1-3).

° http://en.wikipedia.org/wiki/Skin _effect
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Table 1-3: Application categories

Residential Industry
1 3
Socket- Socket-
outlet Lighting [outlet Dedicated
circuit circuit circuit circuit
5 10 " 12

At circuit level 1 there is one type of circuit per sector, e. g. Figure 1-5. The main
function of a level 1 circuit is to feed the secondary distribution boards. Standalone

single family houses in the residential sector generally have ong cir€uit level, but for
instance apartment buildings have two circuit levels (secqndary ributien board per
dwelling).

At circuit level 2 we differentiate between lighting circuits,
dedicated circuits (see for example in Figure 1-4 and Figu
one or more typical topologies. For instance lighting cirCui
line circuit (no branches), as a tree by means of j
node), or as a star. Socket-outlet circuitsg gene
circuits. Dedicated circuits serve mostly just o

the dedicated circuit. For

with a dedicated circuit breaker in the distribuiti
breaker and load. The load is th Noca
lighting and socket-outlet circuits thglo ist long the circuit.

Acronyms for circuit identificatio oM, the above mentioned application
categories in Table 1-3:
RESidential Levell circuit: RES

le between circuit

SERvices Levell circuit: SERL
INDustry Levell circuit: I
RESidential Level2 Lighti
SERvices Level2 Lighti
INDustry Level2 Lighti

Dedicated circuit: INDL2D
eters determining power loss in cables

This section elaborates the physical parameters of a power cable related to losses in the
cable.

As stated in the previous section the power losses are proportional to the cable
resistance (R). The resistance of a cable in circuit at a temperature t can be calculated
by the formula: R= p..I/A (Ohm). This means the losses in a circuit can be diminished
by:

¢ reducing the specific electrical resistance (p) of the conductor material;

e increasing the cross sectional area (A) of the cable;

e reducing the total length O] of cable for a circuit.
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In annex 1-B a closer look is taken at these physical parameters and at how
manipulation of these parameters can contribute to smaller power losses in power
cables.

1.1.9.3 Preliminary analysis according to working plan

The preliminary analysis in this section is based upon data from the “Modified Cable
Sizing Strategies, Potential Savings” study!® - Egemin Consulting for European Copper
Institute — May 2011. This study is also referred to in the Ecodesign of Energy Related
Products Directive Working plan 2012-20141'!, It focuses on the use of electrical
conductors with cross-sections beyond the minimum safety prescriptions, which helps
to achieve energy savings and cost-effectiveness.

1.1.9.3.1 Market and stock data for the first screening

Electrical installations in buildings were modelled by their content of conductive
material. The analysis was carried out considering the equivalent content of copper of
the electrical installation (largely dominated by the electrical conductor).

Buildings can be split into three main categories:
e Residential;
¢ Non-residential;
e Industry;
e Services.

This classification (residential, industry, services) corresponds with available statistical
and forecast data on electricity consumption, which allows making estimates of
potential energy savings.

Annual sales of wiring, expressed as kilotons equivalent copper, are estimated to be
some 760 kTon in 2010, and are expected to increase to 924 kTon in 2030 (see Table
1-4).

Table 1-4: Sales of power cables (kTon Copper)*?

Annual Sales (kTons eq.| 404 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Copper)

Industry 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 estimated to be some
18788 kTon in 2010, expected to increase to 21583 kTon in 2030 (see Table 1-5).

10 http://www.leonardo-energy.org/white-paper/economic-cable-sizing-and-potential-savings
1 http://ec.europa.eu/enterprise/policies/sustainable-business/ecodesign/product-groups/

2 http://ec.europa.eu/enterprise/policies/sustainable-business/ecodesign/product-groups/
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Table 1-5: Stock of power cables (kTon of Copper)*?

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:
e Residential and non-residential new construction®and refurbisiment activity
(Euroconstruct database)
e Demographic statistics, households statistics an@projéetions, “(Eurostat,
European Union portal, European Environmental Agency)
e Copper wire and cable consumption (European Cepper Institute)

Assumptions were:
e 30 kg of equivalent copper per electrical imstallation“ef a hgusehold.
e Stock in non-residential buildings = 1.5 times, the stoek in\residential buildings
(based on copper wire and cable constmnption, statistics).

1.1.9.3.2 Cable loading data for first screening

Losses in electrical cables are relatedM@ theyoading (see 1.1.9.2). This electric loss is
therefore directly related to\\the “everall helectricity consumption in the buildings
concerned.

Hence, the Reference scenatfio for\the, calculations is defined by the projections made
by the European ComimissiorN’ reg@rding electricity consumption in buildings and
industrial indoor sites. Wote,thatYrobably part of the industry electricity consumption
(see Table 1-6) cafistriethy not be seen as cables inside buildings, they could be located
outdoor but due, tova Yack“efdata this is neglected at this stage.

TableNL-6: Fina! affected energy demand, related to power cables™®

FINAINENERGY DEMAND - |\, it | 2010 | 2015 | 2020 | 2025 | 2030
Réference Scenario

Thdustiy TWh 1073 1152 1207 1279 1329
Senvices TWh 775 832 872 924 960
Résidential TWh 950 1021 1069 1133 1177
Total Electricity TWh 2798 | 3005 | 3148 | 3336 | 3466
Total Electricity Plelec | 10074 | 10818 | 11334 | 12011 | 12478
Total energy EIJ*im 25182 | 27045 | 28332 | 30024 | 31194

1.1.9.3.3 Estimated losses in cables in buildings

13 http://ec.europa.eu/energy/observatory/trends_2030/doc/trends_to_2030_update_2009.pdf
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In the Modified Cable Sizing Strategies, Potential Savings” study - Egemin Consulting
for European Copper Institute - May 2011, referred to in the Ecodesign of Energy
Related Products Directive Working plan 2012-2014'*, four electrical systems were
defined modelling and representing a small 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 mentioned study!®. In the next sections
we will re-analyse the 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 product
application categories in 1.1.9.1, have been -calculated. Analogue to the study
elaborated in 1.1.9.3.3, a residential and non-residential model have been worked out
based upon empirical findings. Beware that every individual installation and loading can
vary a lot compared to those assumptions.

The parameters used in the models are explained in chapter 3 of this report. The length
of the circuits in the models is based upon the answers on the questionnaire for
installers!®. The acronyms used for the circuit identification are listed in 1.1.9.1.

The loss ratio used in the model is defined as:

energy losses in the circuit cables

loss ratio = —
energy transported by those circuits

Two loss ratios are used:
e Loss ratio on Imax: this is according formula on energy losses in power cables
explained in chapter 3;
e Loss ratio on Iavg: this is according the P= R.I,,42 formula. Formula to calculate
the average value see xxxxx

1.1.9.4.1 Estimated residential cable losses

Average annual household consumption in Europe is 3500kWh, resulting in an average
power usage of 400 W and an average current of 1.74 A at 230 V. According to MEErP!’
the average floor area for existing residential dwellings (year 2010) is 90 m?and 110
mZfor new residential dwellings.

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

13 Ivar GRANHEIM, by mail 20/09/2013,

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

16 This questionnaire was sent to installers on the 30" of September, 2013 in the context of this
study. See “Preparatory Studies for Product Group in the Ecodesign Working Plan 2012-2014:Lot
8 - Power Cables: Project Report”.

17 MEErP 2011 Methodology Part 2 , chapter 6.5, edition 28 November 2011
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The assumed residential model consists of one level 1 circuit (RESL1), 2 lighting
(RESL2L), 2 socket-outlet (RESL2S) and 2 dedicated circuits (RESL2D). The length of
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?. It is assumed that the phases are in balance (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 |RESL2® |RESK2D

Total circuit length (m) 30 34 40 17 17

CSA (mm?2) 10 1.5 2.5 2.5 6

Loaded cores 3 2 2 2 2

Kd (distribution factor) 1.00 0.50 0.50 1.00 1200

LF (load factor = Pava/S =1503 001 [0.02.8M0%1 Noba

Iavg/Imax)

Kf (load form factor) 1.08 1.29 2.83 6.48 4.90

PF (power factor) 0.90 0.90 00 0%0 0.90

loss ratio on Imax 0.15%, |0.02905, 10.09%%,]/021% |0.06% [0.24%

loss ratio on Iavg 0.12%, |0M2%, [0.08%, [0.03% |0.01% |0.15%

The loads used for the RESL2D cirgiits afe azwashing machine and an induction cooker.

Most of the losses are in the level Wciscuits@nd in the dedicated circuits. Due to the low
load factor the losses are_f@ther small\(See Table 1-7).

1.1.9.4.2 Estimated service sector cable.losses

An average, office'®‘of 400m2"1s used with about 33 employees, and an annual energy
usage of 166666 KWh, TThe model consists of one level 1 circuit (SERL1), lighting
(SERL2L), secket-outiet ' (SERL2S) and dedicated (SERL2D) circuits. The length of the
circuits 1 tRIs,mogdel is about 30 to 35 m according the results of the enquiry'®. The
total @mholat’of*eoRductor material (copper) used in this model is about 96 kg/100m?.
It (s"assuimed that the phases are in balance (no current through neutral conductor in
Case ofi3-phase“Circuit).

18 http://www.entranze.eu/, http://www.leonardo-energy.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.

19 This questionnaire was sent to installers on the 30" of September, 2013 in the context of this
study. See “Preparatory Studies for Product Group in the Ecodesign Working Plan 2012-2014:Lot
8 - Power Cables: Project Report”.
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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 (mm?2) 95 1.5 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 = Pava/S =\, 36 1912  |0.25 |0.12 |0.10

Iavg/Imax)

Kf (load form factor) 1.08 1.06 1.23 1.06 1.43

PF (power factor) 0.90 0.90 0.90 0.90 0.90

loss ratio on Imax 1.67% |0.38% |0.68% [0.63% |0.61% |2.26%

loss ratio on lavg 1.39% |0.32% |0.50% |0.53% |0.38% |1.83%

The electrical losses in this electrical installation defined by the parameters listed in
Table 1-8 are about 2.26% of the total transported electricity consumed by the loads.

1.1.9.4.3 Estimated industry sector cable losses

In the industry sector and in most cases in the services sector the electrical installation
network is designed and worked out by means of an integrated calculation software tool.
The IEC recommends a maximum voltage drop at the connection terminals of the
electric load (the end point of the circuit) of 3% for lighting circuits and 5 %for other
circuits, when supplied from public voltage distribution (see Table 1-16). The
recommended limits for installations when supplied from private LV power supplies are
even higher (6% for lighting circuits, 8% for other circuits). Consider that this is a
recommendation (presented in an informative annex of standard IEC 60634-5-52) and
only provides some guidance to designers. In some countries the IEC recommendations
are in fact legal requirements, while in other countries similar requirements can be
included in local legislation.

Based upon the following assumptions:
e designers use the above mentioned recommendation to design the electrical
installation;
e in general the loads in the industry have a rather high load factor;
¢ most of the energy is transported via dedicated circuits with a high distribution
factor (limited number of terminals/loads per dedicated circuit);
one can conclude that:
e 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 line 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:

e 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.

e The load profile (load factor and load form factor) in the residential and non-
residential sector differ a lot. In the residential sector the load factor is rather
low and the load form factor can be rather high. In the non-residential sector
the load profile is more evenly, but with a higher average load per circuit. Again,
in general the level 1 circuit in the residential sector also has a higher average

load.
Most of the installers (75%) that responded to the enquiry®, es he losses
in the electrical installation vary between 1% and 3%. The rs ) mated a
loss of less than 1%.
& nal area of the
educed from 2% up to

ic egy. The study formulated

1.1.9.5 Improvement potential by increasing
cable \

The Egemin study?® estimated that cable Jo

0.75% (see Table 1-9) when ap

four alternative strategies based on

e One size up (S+1) strategy:
base line;

e Two sizes up (S+2) strat : ioMmof 2 standard calibre sizes up from the

base ling;

e Economic optimum strate

cost represented b

the cost for initi

inimisation algorithm is run balancing the

sses over a 10 year investment horizon and

stallation of the cables;

e Energy loss arbon footprint minimisation) strategy: a
minimisatio ancing the CO, equivalent of the energy losses
over a 20%e otizon and the CO, equivalent of copper production for
the\cables, c i

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

2! This questionnaire sent to installers on the 30% of September, 2013 in the context of this
study. See “Preparatory Studies for Product Group in the Ecodesign Working Plan 2012-2014:Lot
8 - Power Cables: Project Report”.

22 “Modified Cable Sizing Strategies, Potential Savings” study,Egemin Consulting for European
Copper Institute, May 2011)
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Table 1-9: Impact on energy losses and copper usage (averaged over all models)??

Strategy Energy loss Loss reduction | Cu weight Additional Cu
Base 2.04% 0.00% 100.0% 0.0%

S+1 1.42% 0.62% 141.6% 41.6%

S+2 1.02% 1.02% 197.7% 97.7%
Economic 0.75% 1.30% 274.2% 174.2%
Carbon 0.29% 1.76% 907.3% 807.3%

The averaged energy loss in power cables in this study was estimated at 2.04 % and
the losses can be reduced to 0.75% (loss reduction of 1.3%) applying the economic
strategy to the design of the electrical installation (see Table 1-9).

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®

Potential savings

(starting measures in | Unit 2010 | 2015 | 2020 | 2025 | 2030
2013)

annual rate (refurbishment) 3%

Stock of buildings - old
standard installations

Stock of buildings - new
standard installations
Improvement scenario -
final energy consumption
Savings PJprim/year | O 0 55 117 182
Total electricity savings TWh/year 0 0 6 13 20

100% | 100% | 85% 70% 55%

0% 0% 15% 30% 45%

PJprim/year | 25182 | 27045 | 28277 | 29907 | 31012

182 PJ/year of primary energy savings are forecasted by 2030 if the 'improved product'
is applied in electrical installations in buildings as of 2015, which corresponds to 20
TWh/year of electric energy savings (see Table 1-10).

Review of the improvement potential

In Annex 1-B another approach is used to calculate the improvement potential of a S+x
scenario, independent of a specific model. For each CSA the improvement is calculated
based upon the physical parameters. Independent of the amount of cable or the CSA
used, one can conclude that a S+1 scenario will reduce losses with minimum 17% and
maximum 40% (see Table 1-11). The exact savings in between the minimum and
maximum are determined by the amount of cable per cross-sectional areas and the
cross-sectional areas of the installed cables.

23 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

24 http://ec.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? 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 mmg till 30 mam?, are used in
an electrical installation, opting for a S+1 upsizing strategy\would (onawerage reduce
the power losses in the installed cables by 38% and by 6% % for thexS#2 strategy, by
74% for the S+3 strategy and so on.

A reduction in losses from 2.04% to 0.75% (reductiop»efNl,3%?), implies a resistance
reduction of 63%. A scenario consisting of a%ombihationyof*S+2%nd S+3 strategies
corresponds with such a resistance reduction.

1.1.9.6 Other improvement potentiahoptions

There are other options for IowerimgNosses/in electrical installations, e.g. reducing the
load per circuit with parallgl cables. ®hese options are briefly touched in Annex 1-B and
will be researched in detdilfin\Lask %, of\this report.

1.1.9.7 Conclusion from the first screening

Important note: 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.

Theylosses 1 pow&k cables, based upon an average loss ratio of 0.3 % in the residential
sector\and™2%uin the non-residential sector, result in an annual loss in power cables of
3.5 TWh,(Q.8 % of 1177 TWh) in the residential sector in 2030 and 45.8 TWh (2%
of.1329%:960 TWh) in the non-residential sector in 2030, or a total of 49.3 TWh.
Even when the residential sector would be taken out of the equation, this would still
mean'@’loss of about 46 TWh/year in 2030.

There is significant potential for improvement.

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 buildings 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 TWh and 14
TWh in 2030. The maximum estimated potential savings with S+2 are in between
0.5 TWh and 1 TWh in the residential sector and 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 TWh/y 1177 960 1329 3466.00 2289
Loss ratio % 0.3% 2.0% 2.0%
Losses TWh/y 3,531 19.2 26.58 49.31 45.78
Improvement scenario o o o o
penetration in 2030 /o 45% 4% 4%
St strategy| 704 [TWhyy| 0.27 1.47 2.03 3.77 3.50
minimum savings
St Strategyl 400, |TWh/y| 0.64 3.46 4.78 8.88 8.24
maximum savings
S*2 strategy| 330, |Twhyy| 0.52 2.85 3.95 7.32 6.80
minimum savings
St2 Strategy| g30, | Twh/y|  1.00 5.44 7.54 13.98 12.98
maximum savings

There is a significant trade and sales volume.

An annual sales volume of 924 kTon copper in EU for power cables in 2030 is equal to a
volume of 103820 m3 copper or an equivalent of 69213 km single core cable with a
conductor CSA of 1.5 mm=2 or 346 km single core cable with a conductor CSA of 300
mm?2. At a price of 5.3 Euro/kg cable 924 kTon results in 4897 million Euro annual sales.
PRODCOM statistics lists for the NACE code 27321380 “Other electric conductors, for a
voltage <= 1000 V, not fitted with connectors” in 2012 for the EU28 a production of
2128 kTon and a production value of 12300 million Euro.

Losses in the residential sector are 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 potential (0.27-1 TWh). Also cable loading can vary strongly between
installation circuits. Non-residential it is also proposed not to focus in residential
installation because the improvement potential is low (<> 2 TWh).

Conclusion on eligibility and scope:

Power cables installed in in the service and industry sector meet the criteria for “eligible”
products imposed by article 15 of ecodesign directive 2009/125/EC.

Power cables installed in the residential sector do not meet the criteria for “eligible”

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

Ecodesign requirements will apply to power cables when they are placed 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) but not for Tasks 3-6 on environmental improvement potential.
1.2 Measurements/test standards
1.2.1.1 Relevant standards

Different types of EN documents are available:

e 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.

e 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.

e 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 explained 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 dimensions and form for copper rod, bar and
wire for general electrical purposes.
Cross-sections and size ranges are:
e round, square and hexagonal rod with diameters or widths across-flats from 2
mm up to and including 80 mm;
e rectangular bar with thicknesses from 2 mm up to and including 40 mm and
widths from 3 mm up to and including 200 mm;
¢ 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:
e Tough pitch coppers (i.e. oxygen-containing coppers);
¢ Oxygen-free coppers;
e Deoxidized coppers;
e Silver-bearing coppers.

The main grade of copper used for electrical applications such as building wire, motor
windings, cables and busbars is electrolytic tough pitch copper CW004A (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 (0.02 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 CW008A
(Cu-OF) may be used?®.

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