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Executive summary

This study was done  under a framework contract ( ENER/C3/2012 -418 Lot1 ) for
preparing the implementation of the Ecodesign or Energy Related Products (EED)

Directive (2009 /125/EC) related to lighting systems on behalf of the European
Commission Directorate -General for Energy - Energy Efficiency Unit

According to the principle of better regulation, preparatory studies will collect

evidence, explore all policy options and recommend the best policy mix, if any, to be
deployed on the basis 0 f the evidence and stakeholder input. For some of the
identified product groups, there is the possibility that overlaps exist with a number of
on-going preparatory studies and regulations due for review. This is the reason why
the list of product groups to be considered was split into a priority list and a
conditional list. Lighting systems are on the list of conditional product groups, where
launching a preparatory study is dependent on the outcome of on -going regulatory
processes and/or reviews. The s cope of this study was  to carry out a limited
preparatory study on lighting systems for the exploration of the feasibility of

Ecodesign, energy labelling, and/or energy performance of building requirements. The
options of where to go next include a basic idea on how to implement possible
measures, without going into detail. The energy saving potential of the options is
considered, but not the political feasibility. The options can be further addressed in a
possible full preparatory study. This study follows the methodology for Ecodesign of
energy -related products (M EErP) Tasks 0,1 -4 and partly 7. The MEErP consist of
Task 1 - Scope (definitions, standards and legislation);

Task 2 i Markets (volumes and prices);

Task 3 T 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 T Environment & Economics (base case Life Cycle Assessment (LCA) & Life
Cycle Costs (LCC)) (  not in this study );

Task 6 i Design options(improvement potential) ( not in this study );

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

Task 0 or a Quick -scan is optional to Task 1.

In a multi stakeholder consultation, a number of groups and experts pr ovided
comments and input 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 , project website  and comments can be found in Annexes GtolL.

Task 1

The proposed scope of the study is: the investigation of lighting systems that provide
illumination to make objects, persons and scenes visible wherein the system design

based on minimum measurable quality parameters as described in European

standards such as EN 12464 -1 Lighting of work places and EN 13201 for Road lighting.
The primary relevant parameter is: the functional or useful luminous flux per square

meter equal to the minimum required maintained average illumination as calcul ated

with secondary performance parameters as defined in standards in 1 hour of
operation. Aside from this several other important lighting system parameters are

defined and discussed. The text also explains how the lighting system can be
decomposed into s ubsystems such as: installation, luminaire, LED module or lamp,
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control gear, etc. which is necessary to help analyse how different aspects of the
system contribute to its overall performance and to its Ecodesign impacts. Task 1
provided the rationale for this scope selection.

Non-residential lighting design, as defined in the standards series EN 12464 -1 for
indoor lighting and EN 13201 for road lighting, uses the concept of maintained

minimum lighting requirements. As a consequence, maintenance schemes a nd factors
such as lumen depreciation need to be taken into account although this adds
additional complexity in lighting system design. Task 1 therefore also explains how the
system can be decomposed into subsystems and introduces the main parameters

speci fied within the European and international standards to do this. It is important to

understand this decomposition when reading the various tasks within the preparatory

study. Much of these subsystem parameters will be documented and discussed in Task

3 on Users impact and Task 4 on Technology.

For lighting systems there is not a direct PRODCOM category ,because they are not
recognized as unique products and there is also not a direct PRODCOM category for

lighting systems. As a consequence of this alternative product categories or lighting
systems were defined that are useful for later Tasks 2, 3 and 4.

Setting out the relevant standards, definitions, regulations, voluntary and commercial
agreements on EU, MS and 3rd country level are a key aspect of this task report. For
the energy performance of lighting systems the standard EN 15193 plays an important
role for indoor lighting, as does EN 13201 -5 for road lighting. These provisions within
these draft standards are respected to the extent possible within this study.

Task 1 also included a Task O (Annex M) with a first screening on potential energy
impact, but these values benefited from more accurate data in later tasks and are
updated in Task 7.

Task 2

A lighting system somehow differs from ot her products examined in ecodesign

preparatory studies as it is designed in advance but 6assembled in situd rat
produced, imported or exported as a whole. Consequently lighting systems are not
distinguished as traded products in the Eurostat Prodco m statistics. Data are available

for some of the lighting system components such as light sources, control gears,
luminaires and some lighting controls, and these data are reported in this chapter.

In the absence of direct market data it is anyway possibl e to estimate the energy

savings due to lighting system improvements by linking the Task 7 scenario analysis

to the 6Model for European Light Sources Analysisb
in the Ecodesign preparatory study on Light Sources. A complic ation is that MELISA

data all refer to light sources and not to luminaires or to buildings or spaces to be

illuminated, which is the focus of the Lighting Systems study. To circumvent this

problem, reference will be made to the total sold and installed lum inous flux of
MELISA and to the total full  -power equivalent annual operating hours. Two factors will
be used to model the influence of lightin g system improvements in MELISA, t he so-

called Flux Factor F , and the Hour Factor F o,. MELISA already includes energy
savings due to improvements in light source efficacy. Linking the Systems analysis to
MELISA using only the factors F phi @nd F o, avoids double counting of these savings.

In general, the factors F ,,; and F o, will differ between reference cases (e.g. different
optimisation possibilities for offices, corridors, manufacturing halls, warehouses,
shops, motorways, secondary roads, roads in residential quarters). Energy weighted -
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averages for F i and F o, over all reference cases are required for use in MELISA. For

this purpose LENI or AECI energy density values in KWh/m 2y will be derived for the
optimisation options of the reference cases in Task 4. These values can be multiplied

by the total EU -28 areas (m?) per reference case to obtain the total EU -28 energy
consumption per reference case. The subdivision of the total EU -28 non -residential
building area over the reference cases and the subdivision of the total EU -28 lit road
length over the road types a re estimated in this chapter.

The building area subdivision indicates that in addition to office spaces the lighting

energy consumption in circulation and sanitary areas, manufacturing areas,
storeroom/warehouses and shops is also significant. This will be taken into account
when selecting the reference cases in Task 4.

Task 3

This task identified and provided  important data for modelling the impact of the use
phase of lighting systems within the scope of this study. In order to collect and discuss
real user data, the development and selection of some reference lighting applications
is necessary. As the purpose of this study is to build on the past eco -design
preparatory studies: lot 8 on office lighting and lot 9 on street lighting, the reference
designs or applications used in those studies are reused here. Moreover, based on the
Task 2 market data and in consultation with stakeholders new Reference Applications
were defined to cover a more representative set of EU non -residential indoor lighting
applica tions. they are:

A cellular office with ceiling mounted luminaires (cellular ceiling mounted);

A cellular office with suspended luminaires (cellular suspended);

An open plan office with ceiling mounted luminaires (open ceiling mounted);

An open pla n office with suspended luminaires (open suspended);

A corridor in a building (corridor);

A large Do -it-Yourself store (Large DIY);

A supermarket(supermarket);

A large indoor industrial plant (Industry Large);

A small industry workshop (workhop);

A large warehouse with optionally some lit racks (warehouse).

To To T o To T T Do T I

For each of these indoor applications different zon
minimum lighting design requirements in accordance with EN 12464 -1 For example

vertical illuminance requ  irements(Evert) were added in the supermarket to illuminate

properly the shelves and cylindrical illuminance requirements(Ecyl) were added in the

offices to increase facial recognition and communication. The main parameters are

explained in Task 1. An east window orientation located in Frankfurt was selected to

provide EU28 average daylight conditions for reference applications in Task 4

For road lighting the reference applications were selected in accordance with the

market data from Task 2, they are:

A A motorway EN 13201 class M2 with 4 lanes total;

A A main or national roads class M3 with two car traffic lanes;

A A secondary rural roads with two car traffic lanes and pedestrian/parking
lanes(M4&P4);

A A secondary road with mixed traffic and six lanes(C 3);

A A residential area road with mixed traffic class P2 and single sided luminaire
arrangement;

A A residential street class P4 and staggered luminaire arrangement;

A A residential street class M5 with two car traffic lanes and pedestrian/parking

lanes c lass P5.
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The main design parameters for the road lighting reference applications were selected
in accordance with EN 13201  -2.

To model the impact of the use -phase energy calculations are proposed in line with
standards EN 15193 for indoor lighting and EN 13201 -5. In this Task reference design
data is included for the selected applications and also potential deviations under real
circumstances are discussed that could serve afterwards for sensitivity analysis.

Task 4

In this task the current sales base case is compared with different BAT options for
each of the reference applications that were defined in Task 3. All designs were
produced using lighting design software. Most designs were supplied by experienced
lighting designers from seven different ligh ting manufacturers. The calculated
outcomes for indoor lighting are expressed in terms of the Lighting Energy Numerical
Indicator (LENI)[kWh/(y.m?2)] as defined in EN 15193. Similar results were obtained
for outdoor lighting that were calculated in line wit h the standard EN 13201 -5 and that
contain the Annual Energy Consumption Indicator (AECI) )[kWh/(y.m?)] and the
Power Density Indicator (PDI) [W/(Ix.m?)]. For all designs detailed
subsystem/component parameters are collected in line with the sub system defi nitions
of Task 1 (installation parameters, luminaire parameters, ..) . These parameters also
provides insight into what the system design improvement potential is, and enables
the calculat ion of improvement policy scenarios in Task 7 that are independent o f the
efficacy improvement of the light source itself. Relevant cost data is also presented
per design option. From the results it is clear that the high improvement potential is
not due only to an increase in light source efficacy but also to several othe r lighting
system factors and thus that the improvement potential is a combination of many
design options and parameters.
Where applicable the following design options are considered for indoor reference
applications:

T 6BCO6 means the curr emwhchsa lowcost sinapke designavhich

still satisfies the minimum requirements of EN 12464 -1. These designs were

created with non  -LED products but could of course also be made with

comparable LED products, such as retrofit LED tubes. BC could therefor e also

be considered as a 6ébasicLEDO® design, when takin

improvement into account of the light source study. Note that they already
satisfy the EN 12464 -1 requirements hence in practice significantly worse
systems are installed.
1 0 BATL Eé&ads theabest fit with luminaire optics and layout. It uses LED
luminaires for which the optics and layout are carefully selected to yield to the
best results.
1T 60BATsmarté is the BATLED but combined with the n
controls defined in EN 151  93.
T 6BATbrighté is BATsmart combined with increased
reference designs where this is considered possible.
T 6BATdaydé is BATsmart with the addition of roof |

contribution for reference designs where this is considered possible.
For road lighting the following design options were elaborated:
1T 6BCd means the current sales base case, which is
still satisfies the minimum requirements of EN 13201 -2. These designs were
created with  non -LED products but could of course also be made with
comparable LED products. Note that they already satisfy the EN 13201 -2

requirements and basic design selection rules were applied, hence in practice it
is likely that much worse systems are installed.
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T 6LEDdesignd means the best fit with precisely

and design practices as supplied by the participating designers from four
different lighting manufacturers 196
T 6LEDsmart is the O6LEDdesignd option but wi
in EN 13201 -5.
All lighting designs are according to minimum measurable EN 12464 -1 and/or EN
13201 -1 lighting design requirements that are defined per reference design in Task 3.

The LENI results [kWh/y.m2)] obtained for the reference applications defined in Task 3

for various design options are summarised in Figure 0-1. The AECI [kWh/(m2.y)] and
PDI[W/(Ix.m?)] results obtained for the reference roads of Task 4 are summarised in

Figure 0-2 and Figure 0-3.
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LENI [kWh/(mZ.y)]
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Figure 0-1 Calculated LENI values per reference indoor application for various lighting

design options
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Figure 0-2 Calculated AECI values per reference road for various lighting design

options
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Figure 0-3 Calculated PDI values per reference road for various lighting des ign options
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Apart from improved light source efficacy in road lighting the improvement of Utilance

and smart controls also contribute to a large potential AECI reduction. For indoor

lighting smart controls, increased surface reflection and to a lesser ext ent improved
utilance contribute to lower potential LENI values. For example in a cellular office LENI

could be reduced from 19 kWh/(y.m?) with lamp efficacy of 90 Im/w to 12.6
kWh/(y.m2) with LED Efficacy of 136 Im/W  to 2.2 kWh/(y.m?) with LED and all o ther
lighting system  design improvement options implemented  (extra lighting controls,
increased surface reflectance, better lay out planning and optical arrangement ).,
Hence the majority of the reduction in the LENI is related to other factors than lamp

efficacy improvement.

Finally it should be noted that while these improvements  were calculated according to
the sta te of art defined in EN 13201 -5:2016 and prEN 15193 -1:2016 that also so-
called BNAT lighting design techniques and systems were identified that go beyond

these. Hence, in future even lower LENI and AECI values can be expected compared to
what has been calculated in this task.

Task 7

A first s ection 7.1 considers the scope of application of potential lighting system

measures which fall within the purview of the Ecodesign policy options and scenarios.

It proposes scope definitions but also discusses the issue of considering an installed

|l ighting system as a o6productdéd within the scope of

A second s ection 7.2 conside rs the barriers to lighting system energy efficiency and
describes the policy instruments which are available to help address them. It

compares policy instruments such the Ecodesign (ED)(2009/125/EC), Energy Labelling
(ELD) (2010/30/EV), Energy Performance of Buildings (EPBD) (2010/31/EU) and the
Energy Efficiency Directive (EED) (2012/27/EU). In general all of these policy
instruments could contribute and s ection 7.3 puts forward a set of specific policy
proposals aimed at improving the environmental and economic performance of lighting
systems. Explicitly, the policy measures proposed in section 7.3 consider how new

lighting designs can be encouraged to be more in line with best available technology
solutions as determined in Task 4 of the report. The mea sures include a mixture of
regulatory requirements, implemented via policy instruments such as Ecodesign
Regulations, Building Codes, Highway Codes/ordinances and Energy Labelling

regulations; and softer options using incentives, awareness and capacity bui Iding
measures. Note that product requirements can for example also be a complement to
lighting system requirements, e.g. requirements for components such as controls or
luminaires to be used in certain type of lighting system.

The impact assessmentsins  ections 7.4 and 7.5 consider the broader impacts of such
policy actions and provide a general indication of the costs and benefits they would

entail. In a full study, including tasks 5 on Environment & Economics and Task 6 on

Design options, the economic o ptimization and its impact could be more elaborated.
Despite these tasks were not performed, the study was able to estimate the potential
impact on EU annual energy consumption by linking the improved lighting design
techniques of Task 4Eutroo ptehaen dOLMogdhetl Sfoourr ces Anal ysi so
MELISA model was developed during the Lot 8/9/19 ecodesign preparatory study on

light sources * and contains the EU reference electricity consumption for lighting. Using
MELISA, savings deriving from light sour ce efficiency improvements can be clearly
discriminated from savings due to the lighting system improvements investigated in

! see: http://fecodesign  -lightsources.eu
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Task 4. The policy measures related to the light source study are still under discussion
(October 2016) and hence energy impacts du e to lighting system improvements have
been evaluated for three reference light source scenarios presented in the Lot 8/9/19

light source study:

A BAU scenario (no new regulations on light sources),

A ECO 80+120 scenario (phase  -out of all classical lighting technologies
between 2020 and 2024; accelerated adoption of LEDs), and

A ECO 80+120+LBL scenario (same as previous but assuming additional
energy labelling improvements; higher average efficacy for LEDS).

The maximum EU -28 total savings for  optimised light ing system designs with controls

are depending on the reference light source scenario and the maximum EU -28 total
annual electricity savings due to lighting system measures are 20 -29 TWh/a in 2030
and 48 -56 TWh/a in 2050. This is approximately 10% (2030) o r 20% (2050) of the

total EU -28 electricity consumption for non -residential lighting in the BAU -scenario for

light sources.

Because of the long life time of lighting installations, reaching the full impact of

lighting system measures will take several deca des. The ECO 80+120 light source
scenario would accelerate the transition to LED luminaires due to a phase -out of
inefficient LFL, CFLni or HID lamp types, and hence would also accelerate the impact

of lighting system design and control system policy optio ns proposed in this study.
Viceversa, the proposed lighting system measures can also contribute to achieving the

energy savings estimated in the light sources study, even without an imposed

accelerated switch to LEDs: selection of efficient light sources i S anyway necessary to
obtain low LENI or AECI values.

The analysis of market data showed that the indoor reference cases of Task 4 covered
63% of the total electricity consumption for indoor non -residential fluorescent lighting
and 61% of the total HID -related electricity consumption.
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CHAPTER O Introduction

According to Article 16(1) of the Ecodesign Directive, the Commission adopted on 7
December 2012 a Working Plan for the period 2012 -2014, setting out an indicative list
of energy -related products which will be considered for the adoption of implementing
measures for the following three years. The Commission established an indicative list

of twelve broad product groups to be considered between 2012 and 2014 for the
adoption of implementing measures. According to the principle of better regulation,
preparatory studies will collect evidence, explore all policy options and recommend the

best policy mix (Ecodesign and/or labelling and/or EPBD and/or self -regulation
measures), if any, to be deployed on the basis of the evidence and stakeholder input.
For some of the identified product groups, there is the possibility that overlaps exist

with a number of on  -going preparatory studies and regulations due for review. This is

the reason why the list of product groups to be considered was split into a priority list
and a conditional list.

Lighting systems are on the list of conditional product groups, where launching a
preparatory study is dependent on the outcome of on -going regulatory processes
and/or reviews. The scop e of this study is to carry out a limited preparatory study on
lighting systems for the exploration of the feasibility of Ecodesign, energy labelling,

and/or energy performance of building requirements. The options of where to go next

include a basic idea  on how to implement possible measures, without going into detail.

The energy saving potential of the options is considered, but not the political
feasibility. The options can be further addressed in a possible full preparatory study.

This study follows t he methodology for Ecodesign of energy -related products (MEErP)
Tasks 0,1 -4 and partly 7.

The study builds upon existing Ecodesign and energy labelling legislation on lighting
products (see 0.2).

0.1 Methodology for Ecodesign of Energy -related Products (MEErP)

Over the past 5 years MEEuUP 2005 (Methodology for Energy -using Products version
2005) has been proven to be an effective methodology for Ecodesign preparatory

studies. The MEErP 2011 Methodology Report therefore was intended to maintain the

qualities of the former MEEUP methodology, extending the scope from energy -using
products to energy -related products and providing more guidance to analysts and
stakeholders involved in the Ecodesign preparatory studies.

The design of the methodology in the former MEEuP 2005 was enshrined in the

Directive 2005/32/EC on Ecodesign of Energy -using Products. For the new

Methodology for the Ecodesign of Energy -related Products (ME ErP)? in 2011 it was

proposed to follow the same route with the recast Directive 2009/125/EC on

Ecodesign of Energy -r el at ed Products (hereafter OEcodesign di

The MEErP was thus developed in 2011 to contribute to the creation of a methodology

all owing to evaluate whether and to what extent various energy -related products fulfil
certain criteria that make them eligible for implementing measures under the
Ecodesign Directive 2005/32/EC.

2 http://www.meerp.eu/ VHK BV, Netherlands and COOWI, Belgium: Methodology Study Ecodesign of
Energy -related Products, MEErP Methodology Report, under specific contract SI2.581529, Technical
Assistance for the update of the Methodology for the Ecodesign of Energy -using products (MEEUP),
within the framework service contract TREN/R1/350 -2008 Lot 3, Final Report: 28/11/2011
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More specifically, the MEErP tasks entail:

Task 1
Task 2
Task 3
Task 4
Task 5
Task 6
Task 7

Tasks 1 to 4
Figure 0-1).

Scope (def initions, standards and legislation);

Markets (volumes and prices);
Users (product demand side);

Environment & Economics (Base case LCA & LCC);

Design options;

i
i
i
T Technologies (product supply side, includes both BAT and BNAT);
i
i
i

Scenarios (Policy, scenario, impact and sensitivity analysis).

can be performed in parallel, whereas 5, 6 and 7 are sequential (see

Task 1

Scope

MEErP structure

E Task 0

Quickscan

- -
LN

"'\/
Task 5

Base Case
LCA & LCC

v
Task 6
Design
options

v
Task 7

Scenarios

\/

Task 4

Technologies

Figure 0-1: MEErP structure

The MEETrP structure makes a clear split between:
A Tasks 1 to 4 (product definitions, standards and legislation; economic and
market analysis; consumer behaviour and
analysis) that have a clear focus on data retrieval and initial analysis;
A Tasks 5 (assessment of base case), 6 (improvement potential) and 7 (policy,
scenario, impact and sensitivity analysis) with a clear focus on modelling

This study is conducted according to tasks 0, 1
specifications, including a meeting with relevant stakeholders.

local infrastructure; technical

-4 and partly 7 specified in the tender
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0.2 Existing ecodesign and energy labelling legislation on lighting
products

Three principal ecodesign re  gulations related to lighting are in place today, all having
a different specific scope:

A Commission Regulation (EC) No 244/2009 implementing Directive
2005/32/EC of the European Parliament and of the Council with regard to
ecodesign requirements for non -directional household lamps.

A Commission Regulation (EC) No 245/2009 implementing Directive
2005/32/EC of the European Parliament and of the Council with regard to
ecodesign requirements for fluorescent lamps without integrated ballast, for
high intensi ty discharge lamps, and for ballasts and luminaires able to operate
such lamps, and repealing Directive 2000/55/EC of the European Parliament
and of the Council.

A Commission Regulation (EC) No 1194/2012 implementing Directive
2005/32/EC of the European Parl iament and of the Council with regard to
ecodesign requirements for directional lamps, for light emitting diode lamps
and related equipment.

Also an energy labelling regulation regarding lighting is in place:
A Commission Delegated Regulation (EU) No 874/20 12 supplementing
Directive 2010/30/EU of European Parliament and of the Council with regard to
energy labelling of electrical lamps and luminaires.

This study examines if the scope should be opened to lighting systems, and if there
are loopholes in the ex isting legislation in relation to lighting systems

0.3 Lighting systems

This study looks at the application of lighting and the used technical building system

or installation for this purpose. In this context, lighting system means any energy -

related devic e or system of devices used for the production of artificial lighting from

the power supply in residential and non -residential lighting applications. A lighting

system can therefore range from an installation with ~ simple luminaires to large scale

installat ions with multiple luminaires and intelligent controls such as in intelligent

street lighting. Lighting systems can be placed on the market either with built -in

lamps that are designed to be changed by the end -user, such as fixed LED modules,

or with excha ngeable lamps/without lamps. Note that in case of a fixed integration of

LED modules within the luminaire there is no strict separation between lamp and

luminaire as which was common practice with non -LED lamps. This has an impact on

product terminology us ed in standards and legislation. Light sources are studie in a

separate study that runned in parallel to this system study ®. According to the EN

12655 standard a | ighting system is defined as 061 ig
(lamps, ballast, lumina ire and controls) required for the lighting scheme, its

install ation and operati on duMarersgecific mthe donteixtof of t he s
this study Tasks 3&4 a lighting system means a system of devices intended to deliver

effective lighting to cr  eate a comfortable , functional and safe environment for human

habitation , travel, work and leisure activities.

Lighting schemes are the theoretical planning of a lighting system and allow for the
eval uati on of t hese s y st elmiting a tontr@ a sydteyns @et a@sp e s . 0
included in this study. Lighting scheme design is a design process in which the lighting
designer selects the lighting criteria for the place of interest, chooses the lighting

% http://lecodesign  -lightsources.eu/
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solution, makes lighting calculations, configures the lay outs, produces drawings of the
lighting scheme and specifies the operating functions of the lighting system.

Some common descriptions of lighting system components are  *°:

A Lamp
A light source made in order to produce optical radiation, usually visible;

A Light source
Surface or object emitting light produced by a transformation of energy

A LED light source
Electric light source based upon LED technology;

A LED Lamp
Technology LED light source incorporating one or more LED package(s) or LED
module(s) and provi  ded with one or more cap(s) ®. Furthermore EN 62504:2014
requires that O6A LED |l amp is designed so that
person as defined in IEC 600500 -826, 826.18. 036;

A Lamp cap
That part of a lamp which provides connection to the electrica | supply by means
of a lamp holder or lamp connector and, in most cases, also serves to retain the
lamp in the lamp holder;

A Lamp holder/ socket
A device which holds the lamp in position, usually by having the cap inserted in
it, in which case it also provi des the means of connecting the lamp to the
electricity supply;

A Ballast
A device connected between the electricity supply and one or more discharge
lamps which serves mainly to limit the current of the lamp(s) to the required
value;

A LED control gear
Unit inserted between the electrical supply system and one or more LED
package(s) or LED module(s) which serves to supply the LED package(s) or
LED module(s) with its (their) rated voltage or rated current;

A Luminaire
An apparatus which distributes, filters or t ransforms the light transmitted from
one or more lamps and which includes, except the lamps themselves, all parts
necessary for fixing and protecting the lamps and, where necessary, circuit
auxiliaries together with the means for connecting the lamps to th e electric
supply;

A Dimmer
A device in the electric circuit for varying the luminous flux from lamps in a
lighting installation;

A Electrical switch
In general, a device for changing the electric connections among its terminals.
In a lighting installation it can be a device that switches off the electrical
supply, it can be electronic or mechanical;

A Occupancy /presence detection sensor
A device that measures the light (light sensor) or that detects the
occupancy /presence of persons (presence detection sensor);

A Control and management unit

A unit that processes the received signals from switches and sensors and that
manages the lighting in the installation by dimming or switching on and off;

“ http://www.electropedia.org
® EN 12665 (2011)
® CIE DIS 024/E: 2015
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A Lighting communication network
A network throughout the building between lighting fixture and controls
components, such as sensors and switches, which have bidirectional
communication . A lighting communication network can be part of a building
communication system (HBES/BACS)

In case of a fixed integration of LED modules wit hin the luminaire there is no strict
separation between lamp and luminaire as which was common practi ce with non -LED
lamps. This can for example have an impact on product terminology used in standards

and legislation.

This study started in 2013  and did follow the governing definitions in the existing
standards at the time being relate d to indoor and road ligh  ting design . However in
view of new LED product developments terminology and s tandards are likely to be
updated accordingly . Establishing these  standards and definition however is an
ongoing process for example | EC TC34 igsystems andiretagd on 61 i gt
equipment vocabulary 6 This means that the terminology and definitions used in this
study will not necessarily match the future ones . For example updates or reviews
might  better define the herein so-cal | ed 6l ampé6 (FLLM) and 61l u
maintenance factors  that model light output depreciation for LED . Also note that this
study will follow already the new approach of defining acronyms in lighting, e.g.
LLMF(e.g. EN 15193:2007, EC Regulation 245/2009, ..) is replaced by FLLM ( EN
12665:2011 ).

Despite that some definitions were still  under review or might change in future, this
did not stop the study from analysing system performance and improvement potential

in Tasks 3& 4. It means that the outcomes of this study on system performa nce remain
valid but that in some cases the definitions and terminology might need to be updated

according to the state of art  before applying them

Note also t hat | ight sources are studie  d in a separate study ' that runned in parallel to
this system study  and therefore they are not analysed in detail in this study.

0.4 Key characteristics of lighting systems

Measurable q uality of light & lighting are of primary importance in many applications.
Therefore lighting system design is usually based on minimum quality parameters as
described in European standards such as EN 12464 Lighting of work places, EN 12193

Sports lighting and EN 13201 for Road lighting. Important parameters for specifying
the lighting and the lighting system are briefly introduced in the next section.
Terminology is defined in EN 12665. Note that these standards include the typical
minimum quality parameters for applications where such specificati ons are used but
that they do necessarily provide the best quality in any application, e.g. ambient

lighting in restaurants or decorative lighting in outdoor applications.

0.4.1 Luminous flux of a light source
The primary performance parameter for a non -directi onal light source is luminous flux.

Luminous flux is the measure of the perceived power of light. It indicates the

particular light output of a lamp or lighting system and is measured in lumens (Im).

One lumen is the luminous flux of light produced by a | ight source that emits one

candela of luminous intensity over a solid angle of one steradion. It is defined ® as
6quantity deri ved ufxr oime rbaydi emnal ating the radiati ol
action upon the CIE standard photometric observer (1

Unit: 1 Im = 1cd*1sr

" http://lecodesign  -lightsources.eu/
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Figure 0-2: Luminous flux

0.4.2 Luminous intensity

The primary performance p  arameter for a directional light source is luminous
intensity.

Luminous Intensity (I) of a source in a given direction is the quotient of the luminous
flux dO0 | eaving the source and propagated
corresponding unitisa  candela [cd].

Im
o led=1—
Unit: ST

_—/J-I-

Figure 0-3: Luminous intensity

0.4.3 llluminance

A primary performance parameter for providing light in an installation is illuminance.
More details on a framework for the specification of lighting requirements is included
in EN 12665 :2011 .

Illuminance is the total luminous flux incident on a surface, per unit area. The Sl unit
for illuminance is lux (Ix). One lux equals one lumen per square metre.

Im
o 1lix=1 —
Unit: m
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Figure 0-4: llluminance

0.4.4 Luminance

The primary performance parameter for light emitted or reflected by an object is
luminance. More details on a framework for the specification of lighting requirements
is included in EN 12665.

Luminanc e is a photometric measure of the luminous intensity per unit area of light
travelling in a given direction. It describes the amount of light that passes through or
is emitted from a particular area, and falls within a given solid angle. The Sl unit for
luminance is candela per square metre [cd/m?].

-
&

Figure 0-5: Luminance

0.4.5 Perceived colour

Setting lighting requirements on perceived colour is an important secondary
performance parameter.

Perceived colour is de fined® as an attribute of visual perception consisting of any
combination of chromatic and achromatic content. This attribute can be described b y
chromatic colour names such as yellow, orange, brown, red, pink, green, blue, purple,

etc., or by achromatic colour names such as white, grey, black, etc., and qualified by

bright, dim, light, dark, etc., or by combinations of such names.

Primary parameters for specifying perceived colour requirements ® are general colour
rendering index (CRI, see 1.3.3 ), correlated colour temperature (CCT, see 1.3.3) and
chromacity tolerances  (see 1.3.3).

0.4.6 Glare

Setting requirements to prevent glare is also common practice and can provide
important secondary performance parameters.

Glare is defined * as a condition of vision in which there is discomfort or a reduction in
the ability to see details or objects, caused by an unsuita ble distribution or range of
luminance, or to extreme contrasts.

Disability glare may be expressed in a number of different ways, for example by
values of threshold increment (TI) as defined in standard CIE 31. Discomfort glare
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may be expressed by means o f a 'psychometric scale' derived from psychophysical
experiments, for example by using the unified glare rating (UGR) as defined in
standard CIE 117.

0.4.7 Important technical characteristics of the luminaires used

With reference to IEC 62722 -2-1 on OLumiemdéior enampceod i mportant t o
characteristics of the luminaire are:
A Measured photometric performance and p hotometric file
A Rated input luminaire power (W)
A Rated Luminaire Luminous Flux (Im)
A Luminaire Luminous Efficacy (Im/W)
A Correlated Colour Temperature, CCT (K)
A Colour Rendering Index, CRI (Ra 8) - initial/maintained
A Chromaticity tolerance (CDCM) - within steps of MacAdam ellipses -
initial/maintained
Rated life (h) and the related lumen maintenance factor (L MF)

Lamp Survival Factor (LSF)

Failure fraction  (By) corresponding to rated life
Useful Nominal lifetime (Lx.By/hours)

Rated ambient temperature (ta)

Luminous Intensity Distribution (cd/1000Im)

(see 1.3.3 for more information on these parameters).

I D > >
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CHAPTER 1 MEErP Tasks 1

1.1 Objective

The objective of Task 1 is to define the product category and the system boundaries of
the o6éplaying fieldbé for ecodesign applicable to i
from a functional, technical and environmental point of view.

Lighting provides a significant contribution to the human experience of buildings and
the outdoor environment such as street lighting at night. Buildings, the users within

them and, the type of activity they are conducting, influences the lighting
requirements that are appropriate for the conditions. The activity that is connected to
theso-cal |l ed fitask areaod is an especially important dr

well as needing to sa tisfy the basic requirements to enable the fulfilment of tasks,
general lighting of buildings provides visibility, orientation and wayfinding. Current

research shows that lighting has specific non T visual effects that influence mood,
attention and wakefulne  ss. The measurable quality of light & lighting are of primary
importance in many applications where specifications are made in the procurement
process . Lighting system design in many applications is therefore  based on minimum
measurable quality parameters  as described in European standards such as EN 12464
Lighting of work places, EN 12193 Sports lighting and EN 13201 for Road lighting.
Therefore previous EN standards define different sets of lighting requirements related

to the activity in the task area, e.g. office work.

Building users require a certain comfort level in the building. This comfort level mainly

consists of thermal and visual comfort and depends on the activities that take place in

the building. The amount of energy needed to provide this d epends on many factors.
The energy needed for heating/cooling depends on the building envelope. The glazing

surface, its characteristics and orientation, determine the amount of solar gains but

also affect the average U  -value of the building envelope and t he amount of daylight
that enters the building. Internal heat gains also need to be taken into account for the

energy balance of the building and depend, amongst other factors, on gains from

electrical energy conversion to heat by lighting  equipment. Artif icial lighting, in
conjunction with natural daylight through windows, should meet requirements for

visual comfort. While lighting systems need to provide a sufficient amount of light,

they also need to avoid the risk of glare. Therefore, for example, blind s can be used
for glare protection, but also restrict solar gains. This may be a good thing if it

prevents overheating and thus reduces cooling demand but could be a negative if it

were to reduce solar gains that would otherwise have offset heating demand. Control
systems, for heating, cooling, ventilation, artificial lighting and blinds, can help

increase the energy efficiency of a building. This study focuses on the lighting system

but will also take into account its interaction with other building energy systems and
flows.

This is a parallel study to another Ecodesign study on Light Sources 8 In this study we
will focus on many other improvement options to lowe r the impact and energy
consumption of installed lighting systems, such as controls, wall reflectance , optics,
etc.

Visual comfort is that main factor to take into account for outdoor lighting
applications, but also light wastage (such as light pollution) has to be avoided. The

8 http://lecodesign - lightsources.eu/
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part of the light that does not illuminate the targeted area is considered to be un -
useful and wasted, especially upwards light that causes sky glow and the obtrusive
light that bothers people

Task 1 is important as it provides:
A aninventory of what measures alread y exist in the EU (with possible
regulatory failures);
A an analysis of the legislation in EU Member States,;
A anindication T also in view of global competitiveness and hinting at
feasible target levels & of what measures have been taken in the rest of
the wor Id outside the EU.

The AMEErP Task 00 analysis is included in section
is an optional task in addition to task 1 to be used in the case of large or
inhomogeneous product groups, where it is recommended to carry out a f irst product

screening considering the environmental impact and potential for improvement of the

products as referred to in Article 15 of the Ecodesign Directive. The objective is to re -
group or narrow the product scope, as appropriate from an ecodesign po int of view,
for the subsequent analysis in tasks 1 -7. 0

1.2 Summary of Tasks 1 and O

The proposed scope of the study is: the investigation of lighting systems that provide
illumination to make objects, persons and scenes visible wherein the system design
based on minimum measurable  quality parameters as described in European
standards such as EN 12464 Lighting of work places and EN 13201 for Road lighting.

The primary relevant parameter is: the functional or useful luminous flux per square

meter equal to the minimum required maintained average illumination as calculated
with secondary performance parameters as defined in standards in 1 hour of
operation. Aside from this several other important lighting system parameters are

defined and discussed. The text also explains how the lighting system can be
decomposed into subsystems such as: installation, luminaire, LED module or lamp
control gear, etc. which is necessary to help analyse how different aspects of the

system contribute to its overall performance and t o0 its Ecodesign impacts.

Non-residential lighting design, as defined in the standards series EN 12464 -1 for
indoor lighting and EN 13201 for road lighting, uses the concept of maintained

minimum lighting requirements. As a consequence, maintenance schemes and factors

such as lumen depreciation need to be taken into account although this adds

additional complexity in lighting system design. As mentioned above, this section also

explains how the system can be decomposed into subsystems and introduces the mai n

parameters specified within the European and international standards to do this. This
decomposition and the relation of the systembs el em
on energy efficiency are graphically represented in Figure 1-1, Figure 1-2 and Figure

1-3It is important to understand this decomposition when reading the various tasks

within the preparatory study. Much of these subsystem parameters will be

documented and discussed in Task 3 on Users impact and Task 4 on Technology.

For lighting systems there is not a direct PRODCOM categorybecause they are not
recognized as unique products and there is also not a direct PRODCOM category for

lighting systems. As a consequence of this alternative lighting system  categories were
defined tha t are useful for later Tasks 2, 3 and 4.
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Setting out the relevant standards, definitions, regulations, voluntary and commercial
agreements on EU, MS and 3rd country level are a key aspect of this task report. For

the energy performance of lighting systems the standard EN 15193 plays an important
role for indoor lighting, as does EN 13201 -5 for road lighting. These provisions within
these draft standards are respected to the extent possible within this study.

As a complementary component of this Task a first screening of design factors was
performed to give a provisional indication of the relevant improvement potential, but
these figures will be updated in later Tasks.

The first screening in Task 0 showed that savings at system level can be very
significant and can reach up to 90% when comparing the worst case implementation

permitted according to the existing legislation after 2017 with the best available
techniques. Therefore the proposed scope will be investigated and calculat ed in more
detail in later Task4 and 7

1.3 Product/System scope

Obijective:
According to the MEErP approach the classification and definition of the products
within this Task should be based, prima rily, on the following categoris ations:
A the product categories used in Eurostatés Prodcom database;
A product categories defined within EN - or ISO -standard(s);
A ot her 0 pspedfic categories (e.g. labelling, sector -specific categories), if
not defined by the above.

In principle Prodcom should be the first basis for d efining the product categorisation,
since Prodcom allows for precise and reliable calculation of trade and sales volumes
(Task 2). However for lighting systems this is not evident as they concern installations

and do not correspond to the product categorie s defined by Eurostat, nevertheless in
Task 2 we will look at building statistics (permits, floor area) and road statistics from
Eurostat and other data sources.

The product categorizations set out above are a starting point for classifying and
defining t he products and can be completed or refined using other relevant criteria
that address: the functionality of the product, its environmental characteristics and
the structure of the market where it 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") that will be defined in section 1331 .If
necessary, a further segmentation can be applied on the basis of the secondary
product performance parameters, defined in section 1.3.3.2 . In that case, the

segmentation would be 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 éproductod <classification and definit
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.

Month Year | 36



Preparatory study on lighting systems

It should also 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.

Inthis study a lighting 6systemd wi |ldccorirgtodchensi der ed
definition of the Ecodesign Directive. Note that i n other legal acts, the definition is
usually not a broad.
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1.3.1 Definition of the lighting System scope of this study and co ntext

The scope of this study is the lighting system considered as a holistic system
including: light source, control gear, luminaires, multiple luminaires in a system, with
sensors, controls and installation schemes ( Figure 1-1). A lighting system means a
system of devices intended to deliver effective lighting to create a comfortable,
functional and safe environment for human habitation , travel, work and leisure
activities. Lighting schemes are plans for a lighting system and allow assessment of
the system at the early design stage. 6Smartd i gh
control systems are also considered in this study. This means that or example a
luminaire, lamp, etc . are only a component in the lighting system. In this Figure 1-1
each system level element has its own colour code that will b e followed in the
remainder of this study. The colour coding applied is: Electrical efficiency

, installation h luminaire (sky blue) , lamp (orange) , control system
(light green) , control gear - and design process  (yellow) . This demarcation is
done to help delineate the various aspects of a lighting system and to enable their
contribution to the overall eco - efficiency of the system to be analysed and determined.
Non -residential lighting as defined in standard series EN 12464 on in door lighting and
EN 13201 on road lighting use the concept of maintained minimum lighting
requirements and as a consequence maintenance schemes and factors such as lumen
depreciation over life time need to be taken into account. This creates additional
complexity in the design of lighting systems. For those who are not familiar with this
concept they can consult freely available literature for indoor lighting requirements
according to EN 12464 °. Road lighting EN 13201 uses a similar approach but the
precis e minimum requirements may have different specifications among the Member
States, see TR/EN 13201 -1 in section 1.4.2 . On road lighting there is also free ly
available literature explaining how this standard and its approaches are applied *°. The
most relevant performance parameters used in European and international standards
are defined in section 1.3.3 . They will be further documented and discussed in Task 3
which addresses the Users and Task 4 which concerns Technology. Therefore, for the
further reading of the subsequent task reports it is impo rtant to understand the
decomposition presented in the figures below and all its defined parameters, as it will
be followed throughout the entire study.

® www.licht.de : Guide to DIN EN 12464 -1 Lighting of work places 1 Part 1: Indoor work places, ISBN: 978
3-926193 -89-6
2 www.licht.de :Guide No. 03, O6Roads, Paths amdI26398u98r3es, | SBN 978
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Figure 1-1: Components of a lighting system and the most relevant performance

parameters related to energy efficiency

The improvement options which can be applied at light source level, such as control

gear and lamp efficacy, were already extensively studied in the eco -design study on
light sources '® thus this study will make use of this complementary information but
will not reassess it. A new aspect is that the improvement options at the install ation

level and control systems level will be studied in Task 4 and beyond. In addition,
installation energy performance will be calculated according to the new standards EN
15193 and EN 13201 -5.

An intention of this study is to examine the application le vel of lighting. In this

context, a lighting system means a system of devices intended to deliver effective

lighting to create a comfortable, functional and safe environment for human

habitation, travel, work and leisure activities. In this study lamps lum inaires, controls

are only components of a larger system. . Lighting schemes are plans for a lighting

system and all ow assessment of the system at the
systems based on advanced control systems are also considered in this study.

In past Ecodesign preparatory studies of non -residential lighting the primary function

was defined as oO6provided illuminance in one hour
street l'ighting t he 6provided  umi nanceondany one
functional design parameters are for example glare reduction, uniformity, colour

rendering, and colour temperature. In non -residential lighting, system design is often

based on minimum performance levels sourced from standards. This results in ligh ting

system design wherein several standards and methods are involved. This is illustrated

in for public outdoor lighting in Figure 1-2 andin
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Figure 1-3 for indoor lighting of work places. The standards and their relevant

parameters are explained in section 14.

For indoor lighting minimum requirements are defined in EN 12464 -1 and are mainly
based on the following parameters (see also 1.3.3 ); maintained illuminance (Em),
UGR limits for rating glare (UGR), Uniformity ( Uo) and colour rendering index (Ra).

For street lighting similar requirements are defined in EN 13201 standards series.

Figure 1-2: Context of public outdoor lighting systems with related standards and
methods

On the other hand, this approach is not applied in domestic or residential lighting and
some other similar application a reas. In this case lighting system design is not based
on predefined minimum performance standards but is done empirically based on the
experience of the designer, installer and/or user, user need, user preference and the
overall environmental appearance.
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