Free dissemination

***.

(Contract TREN/07/D3/390-2006/S07.72702)
Preparatory Studies for Eco-design Requirements dEuPs

Lot 19: Domestic lighting - Part 2
Directional lamps and household luminaires
Interim Task Report
Task 8: SCENARIO- POLICY- IMPACT-
and SENSITIVITY ANALYSIS

Study for European Commission DGTREN unit D3, contat: Andras Toth
Contractor:
l? i
Project performed in cooperation with:

bi M‘ %@ Keeios

Service Energy piano

Contact VITO: Paul Van Tichelen, info@eup4light.net
2007/ETE/R/

VITO
August 2009



Project team

VITO:

Paul Van Tichelen

An Vercalsteren

Bio Intelligence Service:
Shailendra Mudgal
Benoit Tinetti
Alexander Thornton
Energy Piano:

Casper Kofod

Kreios:

Lieven Vanhooydonck

Important disclaimer:

The authors accept no liability for any material immaterial direct or indirect damage
resulting from the use of this report or its comten

Important note:

This report contains the final results of resedrglthe authors and is not to be perceived as
the opinion of the European Commission.



TABLE OF CONTENTS

o~NO Ol WNEFO

8.1.1
8.1.2
8.1.3
8.1.4
8.1.5
8.1.6

8.2
8.3

PREFACE . ... e et
PRODUCT DEFINITION ..ottt e 7
ECONOMIC AND MARKET ANALYSIS ..., 7
CONSUMER BEHAVIOUR AND LOCAL INFRASTRUCTURE..7
TECHNICAL ANALYSIS EXISTING PRODUCTS.........c.coeee v, 7
DEFINITION OF BASE-CASE ... 7
TECHNICAL ANALYSIS BAT ..o 7
IMPROVEMENT POTENTIAL....coeiiii e 7
SCENARIO- POLICY- IMPACT- AND SENSITIVITY ANALYSIS

Policy- and scenario analysis...........oo.uumee i 8
ECO-deSigN reqUIFEMENTS ........iiieiiee ettt e e e e 8
SCENANO ANAIYSIS ....uiiieiii et s et e e et e e et e e et e e e et e e e et aeeaa e aas 17
SENSIIVILY BNAIYSIS. ... ceiieieeeee st et e ettt e e et e e e et e e e et e e e eaaeaeeaaeeeannaeeees 45
Suggested additional requirements for thea@te implementation ................. 72
Suggested additional research.........cccoee i, 78
Required new or updated measurement or pretlmdards.............cccocceveennnene. 78

Impact analysis for industry and CONSUMENS......coevevuiiieinneeennnnnn. 79
ANNIEXES .ottt 80



LIST OF TABLES

LIST OF FIGURES



0 PREFACE

VITO and its partners are performing the prepasaspudy for the new upcoming eco-design
directive for Energy Using Products (EuP) relateddbmestic lighting, on behalf of the
European Commission (more irtittp://ec.europa.eu/enterprise/eco_design/indektren.

The environmental impacts of Energy-using Prodgcish as domestic lighting take various
forms, including: energy consumption and the relategative contribution to climate change,
consumption of materials and natural resourcestemgsneration and release of hazardous
substances. Eco-design, which means the integrafi@mvironmental considerations at the
design phase, is arguably the best way to improgehvironmental performance of products.

The creation of a coherent framework for environtaleproduct policy avoids the adoption of
uncoordinated measures that could lead to an dvegdtive result; for example eliminating a
toxic substance from a product, such as mercum feomps, might lead to increased energy
consumption, which could in total have a negatiapact on the environment. A Community
framework also ensures that divergent nationalegional measures, which could hinder the
free movement of products and reduce the compatidiss of businesses, are not taken. It is
not the intention to decrease the quality of domdighting.

You can follow the progress of our study and fimshgyal information related to lot 19 on the
project website when you register as stakeholuép://www.eup4light.net
Please, also consult the website for timing anéiisgtion of the tasks.

Important remark:

It must be clearly stated that this part 2 of tiedy relies on the draft regulation resulting
from part 1 of the study on non-directional ligltusces. Specific items on non directional
lamps that were discussed in part 1 will not beeggpd in this part 2. Items that are related
to all light sources can be repeated, only to inyerthe readability.
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8 SCENARIO- POLICY- IMPACT- AND SENSITIVITY
ANALYSIS

Important remark This preliminary chapter 8 discusses part 2 oé tstudy concerning
directional light sources and household luminaires.

Scope: This chapter summarizes and totals the outcomedall @irevious tasks. It looks at
suitable policy means to achieve the improvemenem@l e.g. implementing LLCC as a
minimum and BAT as a promotional target, usingdiagive or voluntary agreements, labelling
and promotion. It draws up scenarios 2007 — 202hgfying the improvements that can be
achieved vs. Business-as-Usual. It makes an estiofahe impact on consumers and industry
as explicitly described in Annex 2 of the Directive

Finally, in a sensitivity analysis of the main paeters the robustness of the outcomes is
studied.

It has to be kept in mind that the conclusions esent solely the point of view of the

consortium and they do not reflect the opinion lnd European Commission in any way.
Unlike chapters 1-7, which will serve as the baseldata for the future work (impact

assessment, further discussions in the EuP Cotisoltdcorum, and development pf

implementing measures, if any) conducted by theopesn Commission, the chapter 8 simply
serves as a summary of policy implications as §gahe consortium. Further, some elements
of this chapter may be analysed again in a greggeth during the impact assessment.

8.1 Policy- and scenario analysis

8.1.1 Eco-design requirements

In this chapter generic and specific product rellaeo-design requirements are described that
can be used as suitable policy means to achieve ATCC scenario targets.

Please note that there was also a part 1 in tiy stoncerning non directional light sources
and there are also finalised preparatory studiestoget’ (lot 9) and 'office’ (lot 8) lighting tha
include mainly topics related to HID lamps and flescent lamps with non integrated ballasts.
For these products the EC already adopted regoatiGommission Regulation (EC) No
244/2009 with regard to ecodesign requirementsidor-directional household lamps and No
245/2009 with regard to ecodesign requirementddofluorescent lamps without integrated
ballast, for high intensity discharge lamps, andifallasts and luminaires able to operate such
lamps.

As domestic lighting products represent the baseim terms of energy efficiency and
performance, the measures that are suggestedsisttidy (lot 19) are recommended for any



lamp type or light source regardless of technold@ther ecodesign implementing measures
are or will be formulating higher requirements @amtular technologies that are used in other
sectors than domestic lighting.

Because even the domestic lighting products examiméhis study can be used in many other
general lighting applications, the proposed meashezeafter obviously have a wider scope.
Therefore, it is important to assess the potengghative impact beyond the domestic lighting
sector (see 8.2).

8.1.1.1 Scope of proposed Eco-design requirements

For this study the impact is calculated in relaglup to all installed lamps that were within the
defined scope in chapter 1.

However, when the final legislation has to be depedl the definition of the scope should be
done more carefully.

Negative impact should be avoided for particulanda or luminaires for other applications
compared to this study. For more information ondntpconsult section 8.2. Please note that
complementary to this study the EC will organiseoasultation forum prior to voting on any
regulation and will conduct a more detailed impawlysis, see links on the project website for
further information on this process. Apart from aap it is needed to create a synergy with
other legislation, in particular already adopted feGQulation (244/2009, 245/2009) within the
Eco-design Directive 2005/32/EC and the labelling&ive 98/11/EC,

Some recommendations on the scope of potentialatgu are:

* In many cases it is impossible to distinguish,hat 'placing on the market' stage, lamps
and luminaires that are intended for '‘domestiditiigy from other indoor lighting
applications as in restaurants, hotels, etc. ltherefore recommended to define a
broader scope for lamps and luminaires within grecsic eco-design requirements;

* For luminaires with built-in LEDs or LED modulesig not recommended to impose
minimum efficacy requirements, this would creatdigh development cost for the
many SMEs developing these luminaires and hampekenantroduction of this
promising new technology. Moreover, this LED tedbgy changes frequently in
performance and would require many remeasuremetaaever it is recommended
that the Iluminaire construction files contain th@cwamentation of the LED
manufacturer that proofs that the LED componentEd module satisfies the efficacy
requirements. This exception needs to be evalisganh after a period of 4 years when
the technology is expected to be more mature. Toweaproposed exemptions for
LED lighting products should only be applicable fimoducts that do not make any
claim on equivalence to lighting products withire tecope, to avoid false claims on
performance;

* It will be needed to define a clear borderline ledw luminaires intended for
application in the tertiary sector and those usedgeneral domestic lighting
applications. Lamps, luminaires and ballasts fdiceflighting can also be used in
certain domestic applications but they were alreaiscussed in the dedicated
preparatory study on office lighting (lot 8), anidu$ will not be considered again.
Street and office lighting products have other sefed the provision of information,
see preparatory study on lot 8 and lot 9. In otdedistinguish these products, it is
recommended to exclude certain light sources,by.ight source (above 2000 lumen)



or by lamp type (HID and LFL lamps). It is also posed to distinguish luminaires for
‘Functional illumination in the tertiary sector’{i@&9) and those for general lighting
(lot 19);

* The definition of scope for the lamps should beillamto EC regulation 244/2009 on
household lamps but for and DLS (Directional Ligdurces), in particular lamps that
don’t satisfy the 'White light source' criterioreésCommission Regulation (EC) No
244/2009);

* Lamps with less than 120 lumen in a solid angle sf if they do not make any claims
to lamps within the scope;

* A ‘domestic luminaire’ can be defined as any lunmahat can host the lamps within
the scope of this study.

8.1.1.2 Generic Eco-design requirements on the supp ly of information for lamps
(even when sold integrated into the luminaire or in the same package as the
luminaire)

Optimal use of domestic lighting starts with adequaformation on existing products.
Therefore, it is proposed that the manufactureocvige information on the following 'most
relevant' eco-design parameters and follow the gmals for the appropriate means for
communicating these parameters to the consumerpiwsion of information on these 'most
relevant' parameters should satisfy article 15.4o(feduce unnecessary administrative burden
and allow verifying compliance with proposed spgearhplementing measures.

Information available to the end-users at the monteof purchase and on free access
websites for any white light source (Annex 11.1viijhin the scope of this study:

For directional lamps (even when sold in or in tleame package as the luminaire):

a) When the nominal lamp power is displayed outfiideenergy label in accordance with
Directive 98/11/EC, the nominal luminous flux (sesuirements below) of the lamp
shall also be separately displayed in a font adtléaice as large as the nominal lamp
power display outside the label.

b) For halogen lamps or LED retrofit lamps the nmahluminous flux in a 90° cone of the
lamp shall also be displayed separately in a forieast twice as large as the nominal
lamp power display outside the label (the nominafihous flux shall never be higher
than the rated luminous flux);

c) For CFLi-DLS lamps claimed to be retrofit lamps halogen lamps, the nominal
luminous flux in a 90° cone of the lamp shall digodisplayed separately in a font at least
twice as large as the nominal lamp power displagide the label (the nominal luminous
flux shall never be higher than the rated luminfhus);

d) For CFLI-DLS lamps that make no claim to retraflogen lamps, the nominal luminous
flux in a solid angle of sr or a 120° cone of the lamp shall also be dieplaseparately
in a font at least twice as large as the nomimapl@ower display outside the label and
the the nominal luminous flux in a 90° coftke nominal luminous flux shall never be
higher than the rated luminous flyx)

e) Nominal life time of the lamp in hours and foED retrofit lamps both L70F50 and
L85F10as defined in Chapter 1 Section 1.1.Ghat higher than the rated life time)

f) Number of switching cycles before premature Idailore;
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g) Colour temperature (also expressed as a vakg in

h)  Colour rendering (also expressed as a valye Gnly R, = 100 can be shown as
excellent or perfect, only R 90 can be shown as very good or improved, and 80
must be shown as poor;

i) Warm-up time up to 80% of the full light outpfmay be indicated as "instant full light"
if less than 1 second)

J) A warning if the lamp cannot be dimmed or cardivsemed only on specific dimmers;

k) If designed for optimal use in non-standard dowk (such as ambient temperatuggsT
25 °C), information on those conditions;

)] Lamp dimensions in millimetres (length and diaeng

m) Beam angle;

n)  Optional (not obligatory): If equivalence witbstandard GLS- or halogen reflector lamp
is claimed, a uniform method shall be used thatgeeed with the sector federation
(needs to be elaborated in consultation with ticéose

The term “energy saving reflector lamp”:
This can only be provided if the lamp meets thewvadgent Tier 3 (2016) lamp efficacy
requirements.

Information to be made publicly available on freeceess websites:

The information shall also be expressed as values.

a) The information specified above in points a-n;

b) Rated wattage (0.1 W precision);

c) Rated luminous flux in 90°, 120°(or solid anglsr) and 180° cone;
d) Rated lamp life time (from Stage 2 if lifetime2800 h);

e) Lamp power factor;

f) Lumen maintenance factor at the end of the nahfie

g) Starting time (seconds);

If the lamp contains mercury:
i) Lamp mercury content as X,X mg;
)i Instructions on how to clean up the lamp deiorisase of accidental lamp breakage.

Proposed timing for this measure:

As soon as possible.
Please note that the introduction of an energy laladso recommended (see section 8.1.4.1).

8.1.1.3 Generic Eco-design requirements on the supp ly of information for domestic
luminaires sold for general lighting

The user should be informed with the product pusehabout application related issues that
have an important influence on energy consumptlwey are:
- Warn consumers to avoid the use of spotlights éegal illumination;
- Provide information on luminaire cleaning when ustrs, reflectors and/or dimmers
are applied,;
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- Avoid continuous dimming with halogen lamps andng®if possible to lower lamp
power. This avoids lamp blackening with permandfitaey decrease, moreover
dimming also reduces efficacy;

- Do not put further shades on the products to retluedight emission (it is possible
to use those, if any, provided by the manufactarer already evaluated;

- Warn users that indirect lighting is only benefigith bright walls/ceiling;

- Warn users that indirect lighting needs an appabedi distance from the
ceiling/walls, not too far but also not too close;

- Inform users about the light distribution for sfights, e.g. beam angle;

- Warn the users for outdoor luminaires that havegh bpward light flux (ULOR).
This might create a high spilling of light and mover it creates light pollution;

It is recommende to agree on a uniform method thighsector federation.

8.1.1.4 Specific eco-design requirements for reduci ng losses in the electrical
distribution grid due to a poor power factor

See part 1, however for reasons explained in ch&atas proposed to excempt LED modules
or lamps below 6 Watt.

8.1.1.5 Specific ecodesign requirement for increasi  ng lamp efficacy

The proposed ecodesign requirement are intendset tminimum efficacy leveh{amp) for all
lamps as a horizontal entry requirement for alldamo the EU market, independent of
technology and application as far as possible.

For evaluation of the efficacy, it is proposed teeua similar approach as Commission
Regulation (EC) No 244/2009 that uses a formuleosnm a maximum rated system power
Pmax [W] for a given rated luminous flusb) [Im]:

‘Pmax system: Y * (0,88\/®+0,049D)’

wherein Y is a constant depending on the label Tsdde 8.18).

This formula is related to the lamp labelling difee' but that directive is currently not applied
neither to reflector lamps nor to (safety) extrav leoltage (ELV/SELV) lamps, see section
8.1.4.1.

For reflector lamps, it is proposed to use thed@eactional lumen in a cone of 90b4,.) (see
chapter 1).

For CFLi-DLS lamps, HIDi-R or LED modules or lumires that make no claim to retrofit
halogen lamps the nominal luminous flux in a sagle ofx sr or 120° cone can be
used(b1,09) for some applications a.0 when used as a dowvialigh

In a reflector lamp, there is always lumen loss ttuéhe reflector; a typical LOR for a good
reflector lamp, compared to a non reflector lamp lba considered as 0.8. To make a good
evaluation for the labelling of a reflector lamptlwthe same formula as a non-reflector lamp,
the rated luminous flux in the 90° cone shall berected by multiplying it by 1.25; this

! COMMISSION DIRECTIVE 98/11/EC of 27 January 1998plementing Council Directive 92/75/EEC with
regard to energy labelling of household lamps
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correction also reflects the opinion of represeveastakeholders. Hence the formula of
regulation 244 (2009) for reflector lamps shoulccberected to:

Prrax system= Y * (0,88VD+0,049Dr)
wherein
D =Pyy-X 1,25 or Pr=P15p°X 1,25

In order to reduce negative impact on manufactuaecs distributors (see section 8.2) it is
recommended to apply a tiered approach that iaded in the section with the scenarios (see
8.1.2). This will enable them to reorganise.

To reduce mercury by unneeded application of CALS@r HIDI-R lamps it was assumed in
scenarios (section 8.1.2) to require a minimumli8selamp efficacy equivalent (see section
8.1.1.5).

The reason and the proposed corrections factorhe@minima are displayed in Table 8.1.
Please note that these correction factors are etineil

Table 8.1: Proposed correction factors for the mmam criteria on label values

Correction factors

Scope of the correction Maximum rated power
(W)

CFLi lamp with colour rendering index90 Prax/ 0.85

CFLi lamp with colour rendering index90 and Pmax/ 0.75

Tc >=5000K

(Safe) Extra Low Voltage (ELV/SELV) lamps Prax/ 1.06

requiring external power supply for mains
connections excluding light emitting diode.

Light emitting diode requiring external power Prax/ 1.1
supply

Some lamp caps are nowadays frequently used inrgleiflemination but have no energy
efficient alternative with an efficacy level equeat to label B or A (see section 8.1.4.1). It is
connected to the so-called luminaire lock-in efféste 8.1.1.7). Phasing out these lamps
would repeal retrofit lamps from the market forstixig luminaires. Therefore in certain
scenarios it is proposed to phase out these luegérst and to introduce special luminaire
requirements (see 8.1.1.7) for the time being ¢sedion 8.1.2). It is also possible to announce
this phase out and allow people to stock sufficretitofit lamps for existing luminaires (see
8.1.4.2). The concerned lamp types are:

Lamp power

(W]

GU10 <55 D

Lamp type Lamp cap Minimum label

Halogen mains voltage
(HL-MV-R)

Please note that for CFLI-DLS or HIDI-R lamps thmimum label can be set to B+ while for
other DLS lamps it is only B (see section 8.1.4.1).
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8.1.1.6 Specific ecodesign requirements for minimum lamp performance

These should be similar to Commission Regulatio®)(BNo 244/2009 for part 1 and
completed for DLS&NDLS retrofit LED lamps (see Tald.2).

Different sources describe quality requirementgngdortance for the consumer when buying
LED lamps, modules and luminaires:
* ENERGY STAR;
* LBNL reports;
« |EC/PAS 62612 Ed.1 "Performance requirements folf-tsdlasted LED lamps"
giving a complete survey of relevant parameters;
» CIE 127:2007 standard addressing individual LEDs.

From a consumer perspective, the most important &ty factors referred are:

1. Lumens rated output best for the LED luminaire le¢ LED lamp (data for the LED
chip is irrelevant). Requirements to the manufaegucould be measurement of total
luminous flux e.g. by use of goniometer in orderct@racterize the light-distribution
pattern;

2. Requirements to minimum lamp efficacy in lumens/W;

3. Lifetime in hours for the LED luminaire or lamp ¢ror the LED chip alone);

4. Lamp efficacy as a function of time. A high-qualit)D can maintain high lighting
levels for tens of thousands of hours, while thgpatiof low quality products declines
more rapidly. Long-term measurements require 12#ith®so it is important to find a
short-term approach for measuring;

5. Requirement to how fast the light should come staintly when turned on;

6. Colour: CCT (Correlated Colour Temperature) and @GRilour Rendering Index);

7. Glare: Measurement of the intensity of light frohe tsource itself. This is important

given the small size of LED lights and their cop@sding brightness, which can cause
discomfort glare as well as injury if users lookedtly into the light. A very recent test
reports glare varied by a factor 1.4 and that is &whove the acceptable threshold in
most cases. Anyhow, glare will not be greater thih "traditional" DLS. Limiting
glare (UGR) values are specified for many commeagiglications;

8. Information about if the lamp is available with dning, automatic daylight shut-off
and/or motion sensors (especially important fodoot models);

9. Requirement to stroboscope effect and flicker. Rosgpplies using pulse-width
modulation makes the LED blink/flicker with a cemntdrequency (typically between
100 and 150 Hz). The flicker frequency is not diseisible but may lead to: a)
Stroboscopic effects on rotating objects (makingatk like it is not moving or like it
rotates at another speed or direction). b) “Casgadf bright points in the visual field
when moving the visual direction rapidly ie. whenning the head,;

10. Minimum warranty in years.

LED lamp requirement are needed in order to avadrpmarket introduction due to bad
consumer experience, similar to CFLi see also @it As a first step it is recommended to
introduce minimum requirements (Table 8.2 and T&0B for retrofit LED lamps both for

NDLS&DLS. Therefore it is necessary to complet® dlse Commission Regulation (EC) No
244/2009 for NDLS. The minimum requirements shonddude the most important of the ten
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factors mentioned above while other or more straaguirements could be the subject of a
new European quality label.

Table 8.2: Staged performance requirements foofétt ED lamps (DLS&NDLS)

Performance Tier 1 Tier 2 Tier 3 Benchmark
parameter

Minimum rated >10000 h >10000 h >10000 h >30000 h
lamp lifetime for

L70FSO

Number of >5000 (30 sec >10000 (30 sec >20000 (30 sec | >100000 (30 sec
switching cycles on/off) on/off) on/off) on/off)

(IEC 62612 Ed1)

Premature failure >100h >100h >200h >200h
rate for L gsFos

For any LED lamp that explicitely refer to beinghalogen or GLS retrofit lamp’ additional
colour rendering (CRI) and colour temperature negqonents are recommended (see Table
8.3).

Table 8.3: Extra requirements for LED lamps claighaquivalence to halogen or GLS lamp

Performance Tier 1 Tier 2 Tier 3 Benchmark
parameter

Minimum CRI 80 80 80 90
Maximum CCT 3200 3200 3200 2700-2900

For HIDI-R lamps, similar requirements can be res@mmded as in the tertiary lighting sector
for Metal-Halide lamps (see Table 8.4).

Table 8.4: Staged requirements for HIDI-R lampsr@i@ GLS-R-HW and HL-MV-R-HW)

Performance Tier 1 Tier 2 Tier 3 Benchmark
parameter

Minimum rated >8000 h >10000 h >12000 h >16000 h
lamp lifetime
(LSF>0.5)

Minimum lamp >0.6 >0.7 >0.8 >0.85
lumen
maintenance
(LLMF)

Minimum CRI >80 >80 >85 >90

8.1.1.7 Specific ecodesign requirements for househo  |d luminaires

Requirements for any general illumination luminainat is unable to host a lamp equivalent
to at least label B

It is recommended to prohibit that these lampspdaieed together with the luminaires on the
market (coupled sales).

15



Requirements for any luminaire with socket R7s#sR

The sales of all luminaires with holders R7s or Rithout an incorporated presence detector
and that are not at least IP 44 should be prolipgee also section 8.1.1.6.

Also all luminaires with Rx7s can only be broughttbe market if they have a build-in ballast.
Timing: ASAP

Requirements for any luminaire with socket G9/GU9:

It is proposed to prohibit the sales of these lamgs, because there is no expected efficient
retrofit (the lamp is too small for LED retrofitr@s).
Timing: ASAP

Proposed requirements for all household luminaires

If the luminaire does not incorporate dimming delligent controls, it shall not consume any
power when the operated lamps do not emit any iighbrmal operating conditions.

Unless the luminaire has IP44 or stronger protactihe incorporated halogen converter
efficiency shall be at least 85 %.

8.1.1.8 Generic ecodesign requirements for luminair  es

It is recommended that for any general illuminatiominaire a simplified design rule check is
performed by the luminaire designer and includedh technical construction file of the
luminaire. This part of the technical constructide should be available for all users of the
luminaire and market surveillance.

The follow items should be checked and in caseobtthoosing the most efficient solution the
deviation should be motivated in the technical cautsion file (for details consult chapter 6):
- Luminaire should be designed to host the mostiefiidamps, therefore:
o Design luminaires that create a positive lock-ieatfinto efficient lighting by
using CFLni lamps or ultra-efficient LED modules;
Use coloured LEDs to create coloured light instegiiters;
Design luminaires with appropriate and efficienbicol electronics:
Design luminaires that incorporate or are compatith dimmers;
Design Luminaires with incorporated motion sensansre appropriate;
Design outdoor luminaires with incorporated dayihigensors;
Eliminate standby losses when power supplies rex@porated in luminaires;
0 Use electronic gears instead of magnetic (conveallidow voltage halogen;
- Options to increase the optical efficiency of luanies:
o0 Use material with increased light transmittance fagible parts that are
transparent / translucent;
0 Use materials with increased reflectance for ibigsiparts that are not
transparent/translucid;

O O O0OO0O0Oo
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0 Alternatively luminaires can be designed with ahhigOR or LER (for LED
luminaires);

It is also recommended to agree with the sectaréebn on an uniform reporting method.

Proposed timing:
As soon as possible

8.1.2 Scenario analysis

Different policy scenarios 2007-2020 are drawn up illustrate quantitatively the
improvements that can be achieved through the cepiant of the base-cases with lamps with
higher energy efficiency at EU level by 2020 versubusiness-as-usual scenario (reference
scenario).

The five scenarios listed below have been analysedrder to provide an assessment of
various alternative policy options as close as ipessvithin the limits of the model of this
study:

» Business-as-Usual (BAU)

* Best Available Technology with lock in (slow)
* Best Available Technology with lock in (fast)
* Best Available Technology without lock in

* Best Not Yet Available Technology

These scenarios are presented and analysed ialithweirig sections. For each of them, results
are presented for each year between 2007 and 282@mpp technology (i.e. GLS-R, HL-
MV-R-HW, HL-MV-R-LW, HL-LV-R, HID-R,and LEDi-R in the last scenario) in terms of
stock, sales, electricity consumption (during tlse phase), COemission$ (during the use
phase), and mercury emissions (due to electricégegation during the use phase and
emissions at end-of-life for HID-R and CFLI-R).

Finally, a comparison of scenarios is presentedsaction 8.1.2.7 as a Vvariation of
environmental impacts in reference with the BAUrnsac® both for the specific year 2020, and
for the cumulated total between 2010 (i.e. entty iorce of the implementing measure) and
2020.

General remarks

* The first Tier for an implementing measure is in 200 as this was the earliest
possible date. In reality, however, a time shift Vli occur depending on the real
timing of implementation measures.

* Scenarios are calculated not for the domestic sectonly but for all sectors; they
are based on the lamp technology and not the end plcation.

% The emissions factor used is 0.43kg/kWh accorttirtpe MEEuP methodology.
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The scenarios analysis is based on outcomes of cteap 1 to 7, and one has to
keep in mind than they are average results based amssumptions (e.g. annual
burning hours, wattage, and lamp efficacy).

The model used is a simplification of reality basedn 'discrete’ base-cases as
defined in chapter 5 and connected discrete improweent options as defined in
chapter 7. This discrete base-case model approach reflected in abrupt changes
in calculated energy consumption and lamp sales. Imeality, this would be
smoother due to spreading in lamp wattages, operatnal hours, new products,
and proactive user behaviour (storing phase out laps, green procurement,
promotional campaigns, choice of retrofit options,etc.). These items will be
discussed qualitatively in the next sections.

For the scenario without lock in effect, a base-casis replaced with a lamp that
also requires luminaire replacement, e.g. the bassse GLS-R E27 with a HL-
LV-R GUS.3. Environmental impacts due to the luminare replacement are not
assessed and thus not taken into account in the segio analysis. Differences in
luminaires is considered in the sensitivity analysi

In some scenarios, a base-case is replaced with amp, identified as an
improvement option for reducing life cycle cost andenvironmental impacts,
whereas the light quality is not exactly similar, eg. a GLS-R replaced with a
LEDi-R. Therefore, the scenario analysis is done ira quantitative way as the
gualitative assessment was already done in previogbapters.

In the tables presenting the scenarios (except fothe BAU), minimum
requirements (i.e. minimum energy class) are setff@ach tier. In order to analyse
these scenarios, a specific lamp technology is usasl replacement lamp, e.g. HL-
MV-R-LW xenon replacing the base-case GLS-R in thérst tier (2010-2013) for
the scenario ‘BAT with lock in effect (slow)’. This assumption, based on
improvement options identified in chapter 7, does ot mean that this technology
(HL-MV-R-LW xenon) is the only possible way to meethe requirement.

The tables should be interpreted from the point oview of the defined base-cases
and improvement options. For this reason, it was rntaequired to discuss upper or
lower lamp lumen limits for future legislation in this section.

Sometimes reference is made to ‘labels’, this refence is in line to the
recommendation for extending the household lamp ladd to DLS lamps as
proposed in section 8.1.4.1. Please note that thedel might change in future.

8.1.2.1 Assumptions used for the scenario analysis

Several assumptions had to be made in order taedeéienarios and to assess economic and
environmental impacts:

As the scenario analysis concerned all sectorgjatmuirning hours used for each base-
case are those defined in section 2.2.6: 484 IGid8-R, 555 h for HL-MV-R-HW,
555 h for HL-MV-R-LW, and 695 h for HL-LV-R. Thesealues were based on a
weighted average of sales and annual burning Houfsoth the "domestic sector" and
"other sectors". Please note also that the sameahbarning hours were used for the
improvement options (see chapter 7) as for the-base, e.g. even if we replace a
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GLS-R with an LEDI-R as an improvement option, tiginal annual burning hours
were used.

* When a lamp with a specific technology is remowvexnf the market, for the year 'n'
(‘'n’ being any year after the removal from the n&jk the stock of this lamp was
calculated with the following formula, assumingtttiae lamp lifetime is X.YZ years:

Stock (n) = Stock (n-1) - 0.YZ*Sales (n-1-X) - (YA)*Sales (n-X)
When the result of this calculation is null or niégm it means that this lamp is no
longer operating in the EU-27.

* Mercury emissions to air due to electricity constionp were calculated using the
emission factor of 0.016 mg Hg/kWh, as in chapfeasnd 7.

* For HID-R, we assumed that only 20% of lamps aogaled for all years and that the
mercury content is 2.5 mg in the base-case.

» Mercury emissions occurring at the end-of-life (fEdbr HID-R sold during the year
‘n’ were integrated in the calculation of mercungigsions for the year ‘n’ and not for
the year ‘n+HID-R lifetime’, in order to facilitatédhe model. This assumption may have
an influence when looking at mercury emissionsaf@pecific year, but has a negligible
impact when looking at total, cumulative mercuryissions from 2010 to 2020.
Therefore, the formula for HID-R is:

Mercury emissions (n) = 0.016*Electricity consunoptin) + 80%*2.5*Sales (n),
where mercury emissions is in kg, electricity cangtion in GWh and sales in million
units.

» Sales and stock data (and therefore environmiempalcts) are similar for all scenarios
(including the BAU) for the years 2007 - 2009, las éntry into force of any legislation
is assumed to be in 2010.

8.1.2.2 Calculation principle used for the lamp sce  nario analysis

The general principle of the environmental anali@is4 scenarios (excluding the BAU) is that
the total annual lumen needed for each base-cddai{ed in the BAU scenario) has to be
kept constant and is the key parameter in estignairanges in sales when switching from a
base-case to its improvement option(s). For a Bpgear ‘n’ the annual lumen needed for a
base-case A is calculated in the BAU as follow:

Annual lumen needgdn) = Stock (n) x Annual Burning hougsx Lumen outpuyt

Therefore, when analysing one of the 4 scenarshe year ‘n’, for the base-case A with its
improvement options (i.e. replacement lampsg)A%, As, the following formula was used:

Annual lumen needgdn) = Annual lumen providedn) + Annual lumen provided (n) +
Annual lumen provided (n) + Annual lumen provided (n)

And the ‘Annual lumen provided for the lamp Ai is computed with the followingrimula:
Annual lumen provideg(n) = Stock; (n) x Annual Burning hougsx Lumen output

Until the base-case A is removed from the market therefore not replaced with an
improvement option, the following equality has ®\erified:

Annual lumen needgdn) = Annual lumen providedn)
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When the base-case is replaced with an improveopian (e.g. GLS-R with HL-MV-R-LW
xenon) in the year ‘n’, the total amount of annluahen provided by the GLS-R decreases
gradually from the year ‘n’ onwards, until the dtaaf this specific lamp reaches zero. At the
same time, the amount of annual lumen providedhbyirhprovement option HL-MV-R-LW
xenon is rising year by year in order to compensi#erease GLS-R sales and to keep the
‘Annual lumen needegls.r constant.

In some scenarios, the replacement of the base-&Gis8-R and HL-MV-R-HW, may lead to
an excess lumen output compared to the annual lueeds of these base-cases in the BAU.
This has two main causes: on one hand, this istaluke constant reduction of the ‘Annual
lumen needed’ for these base-cases from 2010 t6 B8Rause the stocks of these lamps is
reducing naturally, and on the other hand, thedridifetime of the replacement lamps, mainly
with the HID-R. In this case, the ‘lumen surplus’compensated by adjusting the sales of the
corresponding base-case(s). For instance, whebadeecase HL-MV-R-HW is replaced with
a HID-R, which some years after the replacementiges more annual lumen than needed by
the HL-MV-R-HW according to the BAU, e.g. differenof 100 billion lumen, the number of
new HID-R used as replacement lamp for the base-edB-R is adjusted so as to provide
100 billion lumen less that needed for this baseda BAU. Therefore, the total annual lumen
needed for all base-cases remains constant.
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DISCLAIMER: The statements, figures and graphs prov  ided on this page have to be read in
the context set out in the beginning of section 8.1 .2 and in sections 8.1.2.1 and 8.1.2.2

8.1.2.3 Scenario “BAU” part 2 lamps

The first step required in order to build scenarot define the Business-as-Usual scenario
that will serve as reference for the base-cases.

First, the number of DLS lamps per household {ingéhe domestic sector) per lamp type for
the year 2011 and 2020 was estimated as specifieldapter 2, section 2.2.3. Moreover, data
in 2006 is already known and provided in chapter 2.

Data presented in Table 8.5 shows that the totabeu of lamps in the domestic sector was
assumed to constantly increase (+54% in 2020 caedpar 2007). Please note that CFLI-R,
LEDI-R, and HIDi-R were not included due to lacksafles data and negligible DLS market
share. A scenario based on a hypothetical expaditime LED market is shown in section
8.1.2.6.

Table 8.5: Forecasts of number of DLS lamps pessbbald in the domestic sector (BAU)

GLS-R | HL-MV-R-HW HL-MV-R-LW HL-LV-R TOTAL

Nb/hh Nb/hh Nb/hh Nb/hh Nb/hh
2007 1.33 0.43 0.49 2.34 4.59
2008 1.22 0.57 0.68 241 4.88
2009 111 0.70 0.88 2.47 5.17
2010 1.01 0.83 1.09 254 5.46
2011 0.90 0.94 131 2.60 5.75
2012 0.89 0.95 1.41 2.65 5.90
2013 0.88 0.97 1.50 2.69 6.04
2014 0.87 0.98 1.60 2.74 6.19
2015 0.86 0.98 1.71 2.78 6.33
2016 0.85 0.99 1.81 2.83 6.48
2017 0.84 0.99 1.92 2.87 6.63
2018 0.84 0.98 2.04 2.92 6.77
2019 0.83 0.98 2.15 2.96 6.92
2020 0.82 0.97 2.27 3.01 7.07

Based on these lamp stocks per household, the stondkthe sales per lamp type were
calculated for the years from 2007 to 2020 for dieenestic sector. In chapter 2, sales and
stock data were also computed for 2007 for all@scti.e. domestic sector + other sectors).
For the total stock and sales from 2007 to 202@ai& assumed that the share of the domestic
sector remains constant in order to calculate fatall sectors. These estimates are presented
in Table 8.6 and are similar to those presentechapter 2 (see Table 2.16 in section 2.2.6),
and detailed results are presented in Annexe 8-1.

Several observations can be made from this table:
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» As expected, even without any legislation, the rmaarkhare and the stock of
incandescent lamps (GLS-R) decrease in line wighcthapter 2 assumptions. Between
2010 and 2020 the stock and sales of GLS-R aremassto be reduced by 18% (i.e.

about 41 million units) and 8% (i.e. about 8 millionits) respectively.

» According to the assumptions made in chapter B, eixpected that the share of HL-
MV-R-LW lamps in the HL-MV-R market increases (frod3% in 2007 to 70% in
2020), while that of HL-MV-R-HW decreases (from 472007 to 30% in 2020).
This is based on projections of recent sales trends

Sales and stock data are presented in Figure 8Higtoe 8.4 both in % and in units. As
explained for Table 8.5, CFLi-R’s, HID-R’s and LERIs were not included as they currently

make up a negligible amount of overall DLS.

Table 8.6: Market data for the BAU scenario (forsectors)

GLS-R HL-MV-R-HW HL-MV-R-LW HL-LV-R

Stock Sales Stock Sales Stock Sales Stock Saleq
2007 | 291 591 919] 126 096 260 107 306 006 67 257|00P1 004 645 75843 00§ 584 873 78063 000 00Q
2008 | 268 863 050 115731198 136 773513 75 207|2762 562 458 91 406 649 599 377 64155 109 283
2009 | 246 134 181] 105366 147 164 383 435 83 157|585 977 856 106 970 297 613 881 51157 218 564
2010 | 223405311] 9500106 190135771 91 107|83%1 250 840, 122533 946 628 385 38159 327 849
2011 | 200 676 442| 8463599} 214030522 99 0581288 381 410 138 097 59 642 889 24861 437 132
2012 | 198 644 874] 84924173 217 465872 95 023|1879 997 310, 145576 591 654 094 28863 600 532
2013 | 196 613 306] 85212 35Q 220 246 085 90 988|282 268 397| 153 055 588 665 299 33065 763 931}
2014 | 194581739 85500529 222371012 86 953|3265194 670 160 534 585 676 504 37067 927 331
2015 | 192550 171] 85788701 223840802 829183988 776 130, 168 013 582 687 709 41570 090 730
2016 | 190518 603| 86 076 88¢ 224 655 406 78 8834693 012 776/ 175492 578 698 914 45572 254 129
2017 | 188487 035| 86 365064 224 814 823 74 848|5897 904 609 182 971 576 710 119 49674 417 529
2018 | 186 455 467| 86 653 243 224 319 053 70 813|6263 451 629 190 450 57 721 324 331176 580 924
2019 | 184 423900 8694142] 223168097 66 778|6889 653 835 197 929 560 732 529 57078 744 328
2020 | 182392332 87229600 221361955 62 743]7516 511 227] 205 408 566 743 734 62180 907 727
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Figure 8.1: BAU — Evolution of lamps stocks (in %)

BAU - Stocks
1,000,000,000
RN
b
500,000,000
2007 2009 2011 2013 2015 2017 2019

=4—GLS-R ——HL-MV-R-HW  —d—HL-MV-R-LW  ====HL-LV-R

Figure 8.2: BAU — Evolution of lamps stocks (intghi
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Figure 8.3: BAU — Evolution of lamps sales (in %)
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Figure 8.4: BAU — Evolution of lamps sales (in ghit

The previous stock and sales analysis is requireatder to proceed with the environmental
analysis. Three environmental impacts were assessed

» Electricity consumption during the use phase (¢hégje represents at least 90% of the
total electricity consumption over the whole lifecke for the four base-cases);

* CO; emissions due to the electricity consumption dytire use phase (proportional to
the electricity consumption); and
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* Mercury emissions to air due to the electricity amption during the use phase and
the end-of-life phase for HID-R, as this lamp tygeatains mercury.

The evolution of these environmental impacts is@nged in Figure 8.5 from 2007 to 2020. It
can be seen that in the Business-as-Usual scertagototal electricity consumption will
increase despite the slow replacement of GLS-Rdanith more efficient lamps (HL-MV-R-
LW and HL-LV-R) because of an increasing use of bemof lamps and lighting (in the
domestic sector from 4.59 lamps/households in 2007.07 lamps/household in 2020). Thus,
in 2020, the electricity consumption (during thee yghase) would reach a level of 51 TWh
owing to the use of these four lamp types whatéversector, i.e. an increase of about 59%
compared to 2007. The increases of,@&missions (22.0 Mton in 2020 compared to 13.8
Mton in 2007) and mercury emissions (0.82 Mton @2@ compared to 0.51 Mton in 2007)
are similar.
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Figure 8.5: BAU — Evolution of annual environmeritapacts
For the ‘Electricity consumption’, Figure 8.6 prete the contribution of each lamp
technology from 2007 to 2020. Due to the large ¢tyaon the market at that time, it is

expected that HL-LV-R be the major consumer oftelgty with 39%, followed by HL-MV-
R-LW with 28% and HL-LV-R-HW with 24%.
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Figure 8.6: BAU - Evolution of the contribution thle lamp types to the electricity
consumptions of the total lamp stock

The following sections present the analysis of4h&cenarios setting minimum lamp efficacy
requirements. For each section, the presentatidheoinalysis is similar and divided in three
parts:

a) Presentation of the scenario with the requiremantisthe Tiers,
b) Presentation of sales and stocks data both ind4namits from 2007 to 2020,
c) Presentation of the environmental impact from 2@0Z020.

For each scenario, detailed data (sales, stockekudiricity consumption) are presented in
Annexes.

8.1.2.4 Scenario “BAT with lock-in effect” part 21  amps

The BAT with lock-in effect scenario is a scenano which the best available retrofit
technology is quickly introduced into the marketsémmary of the scenario is shown in Table
8.7 with the recommended requirements expresséshéngy Label classes together with the
consequence in terms of replacement technologye Mt the replacement option chosen for
HL-MV-R-HW was the HIDI-R. However, the improvemenption of CFLI-DLS would also
meet the energy standard of B+, and would oftesuperior in certain applications where less
concentrated light is needed. Additionally, the nayement option in 2013 of HL-LV-R to
HL-LV-R IRC + silv/dich is not due to an increase legislative standards, but rather an
assumed natural improvement in reflective coatfogshis type of lamp.
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Table 8.7: BAT with lock in effect — Replacementgda for each tier

Present 2010 2013 2016
Level E Level B Level B
GLS-R
HL-MV-R-LW xenon + opt| HL-MV-R-LW transf + IRC + | HL-MV-R-LW transf + IRC
fil + silv/dich + anti-ref silv/dich + anti-ref + silv/dich + anti-ref
Level B+ Level B+ Level B+
HL-MV-R-HW
HID-R? HID-R? HID-R?
Level E Level D Level D
HL-MV-R-LW -
HL-MW-R-LW xenon + | HL-MV-R-LW xenon + opt fil | HL-MV-R-LW xenon + opt
opt fil + silv + anti-ref fil + silv + anti-ref
Level B Level B Level B
HL-LV-R
HL-LV-R xenon + IRC HL-LV-R IRC + silv/dich HL-LV-R IRC + silv/dicH'

The BAT with lock-in effect scenario would implyaltomplete phase-out of GLS-R and HL-
MV-R-HW lamps, with a large portion of HL-LV-R ardL-LV-R-LW, as seen in Figure 8.7.
More detailed analysis can be found in Annexe 8-2.
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Figure 8.7: BAT with lock in - Evolution of lampsesks (in %)

% CFLi-R would also be a sufficient replacement opti
* Natural improvement in relective coatings.
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Figure 8.8: BAT with lock in - Evolution of lampeaks (in units)

The sales of HL-MV-R-LW jump initially order to cqgensate for the lumen needed during
the phase-out of GLS-R, and then again around 281X#4e original lamps need to be replaced.
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Figure 8.9: BAT with lock in - Evolution of lampaes (in %)
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Figure 8.10: BAT with lock in - Evolution of lamgales (in units)

From 2009 onwards, total electricity consumptiomd(atherefore total CO emissions)
decreases until 2014 and then increases slightily2020.

In 2020, total electricity consumption is expectede about 28 TWh, i.e. 45% lower than in
the BAU scenario. The reduction is the same fog @@issions (12 Mton in 2020).

Regarding mercury emissions, the total amount asae in 2009 due to the high increase of
HID-R sales (since mercury emissions occurringhatr tend-of-life are attributed to the sales
year). Then, the emissions decrease until 2014#advards stay relatively constant. In 2020,
total mercury emissions to air due to the eledyriconsumption of lamps during to the use
phase, and due to emissions occurring at EoL of-RIBre about 450 kg, which means a
reduction of about 45% compared to the BAU scenario

Figure 8.12 shows that after 2012, electricity comgtion is only due to HL-LV-R (46.7%),
HL-MV-R-LW (48.7%) and HID-R (14.6%), as the otHamp types have been phased out.
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Figure 8.11: BAT with lock in— Evolution of annualvironmental impacts
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Figure 8.12: BAT with lock in - Evolution of thentnbution of the lamp types to the
electricity consumptions of the total lamp stock

8.1.2.5 Scenario “BAT without lock-in effect” part 2 lamps

The BAT without lock-in effect is a scenario in whithe best available technology is quickly
introduced into the market, regardless of retraffiity or not. A summary of the scenario is
shown in It is important to understand that thiansunrealistic scenario in terms of timing, as
it is very unlikely that a requirement resulting liminaire change prior to 2020 could be
established. However, in keeping with the time faaf this study, a luminaire change is
assessed for 2016 in order to have a preliminag af possible outcomes. Additionally, as in
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the BAT with lock-in effect scenario, there is assamed natural improvement in reflective
coatings, regardless of legislative standards.

Table 8.8 with the recommended requirements expdessEnergy Label classes together with
the consequence in terms of replacement technologyimportant to understand that this is
an unrealistic scenario in terms of timing, asivery unlikely that a requirement resulting in
luminaire change prior to 2020 could be establishtmvever, in keeping with the time frame
of this study, a luminaire change is assessed @46 2n order to have a preliminary idea of
possible outcomes. Additionally, as in the BAT witdtk-in effect scenario, there is an
assumed natural improvement in reflective coatinggardless of legislative standards.

Table 8.8: BAT without lock in effect — Replacenhemips for each tier

Present 2010 2013 2016
Level E Level B Level B
GLS-R
HL-MV-R-LW xenon + opt| HL-MV-R-LW transf + IRC + | HL-MV-R-LW transf + IRC
fil + silv/dich + anti-ref silv/dich + anti-ref + silv/dich + anti-ref
Level B+ Level B+ Level B+
HL-MV-R-HW
HID-R® HID-R® HID-R®
Level E Level D Level B
HL-MV-RLW HL-MW-R-LW + | HL-MV-R-LW + opt fil
-MW=R-LWW'xenon -MV-R-LWXENON +optit) ) ) v.R IRC + silv/dict?
opt fil + silv + anti-ref
Level B Level B Level B
HL-LV-R
HL-LV-R xenon + IRC HL-LV-R IRC + silv/dich HL-LV-R IRC + silv/dich

The BAT without lock-in effect scenario would imglye complete phase-out of GLS-R, HL-
MV-R-HW and HL-MV-R-LW lamps by 2016, with all lighoeing provided by HL-LV-R and
HID-R, as seen in Figure 8.13. More detailed amalyan be found in Annexe 8-3.

® CFLi-R would also be a sufficient replacement apti
® Low voltage lamps that do not come with an integgtaransformer would require a luminaire change.
" Natural improvement in relective coatings.
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Figure 8.13: BAT without lock in - Evolution ofi@s stocks (in %)
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Figure 8.14: BAT without lock in - Evolution oft@s stocks (in units)

The sales of HL-LV-R and HID-R jump initially ordéo compensate for the lumen needed
during the phase-out of the other lamps. HL-MV-R-Inékds to be replaced roughly after 3
years, which causes the small jump in 2014. HL-L\hWéed to be replaced roughly every 7
years, and hence the next jump in sales seen in 201
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Figure 8.15: BAT without lock in - Evolution of lamsales (in %)
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Figure 8.16: BAT without lock in - Evolution of lamsales (in units)

From 2009 onwards, total electricity consumptiomd(atherefore total CO emissions)
decreases until 2012 and again in 2016 with thénlaine change.

In 2020, total electricity consumption is expectede about 24.5 TWh, i.e. 52% lower than
in the BAU scenario. The reduction is the sameJ@x emissions (10.5 Mton in 2020).

Regarding mercury emissions, the total amount asge in 2009 due to the high increase of
HID-R sales (since mercury emissions occurringhatr tend-of-life are attributed to the sales
year). Then, the emissions decrease until 2012a#advards stay relatively constant. In 2020,
total mercury emissions to air due to the eledyriconsumption of lamps during to the use
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phase, and due to emissions occurring at EoL of-RIBre about 390 kg, which means a
reduction of about 52% compared to the BAU scenario

Figure 8.18 shows that after 2017, electricity comgtion is only due to HL-LV-R (83%), and
HIDI-R (17%), as the other lamp types have beenptet@ly phased out.
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Figure 8.17: BAT without lock in — Evolution of arah environmental impacts
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Figure 8.18: BAT without lock in - Evolution of thentribution of the lamp types to the
electricity consumptions of the total lamp stock

8.1.2.6 Scenario “BNAT LED” part 2 lamps

The BNAT LED is a scenario in which LEDs are rapimitroduced to the market, assuming a
double in efficacy by 2016 (see chapter 6). A surgnad the scenario is shown in Table 8.9.
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Note that this scenario is assuming that retrofttilable LEDI-R linearly increase in efficacy
up to twice the current efficacy in 2016. It is gagted that the European Commission reviews
the LEDI-R situation in 2013 in order to considettimg A level standards in order to require
the use of LEDI-R on the market. This scenario nseaercise into showing the savings
potential of LEDI-R replacements.

Table 8.9: BNAT LED — Replacement lamps for eaah ti

present 2010 2013 2016
GLS-R linear increase to 2016 linear increase to 2016 iLER2 efficacy
Level A/B+ Level A/B+ Level A/B+
HL-MV-R-HW
HID-R® HID-R® HID-R®
HL-MV-R-LW linear increase to 2016 linear increase to 2016 iLER2 efficacy
HL-LV-R linear increase to 2016 linear increase to 2016 iLER2 efficacy

The BNAT LED scenario would imply the complete phasit of GLS-R, HL-MV-R-HW,
HL-MV-R-LW and HL-LV-R lamps, with all light beingrovided by LEDI-R and HID-R, as
seen in Figure 8.19. More detailed analysis calotyed in/Annexe 8-4.
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Figure 8.19: BNAT LED - Evolution of lamps sto@ks%)

8 CFLi-R would also be a sufficient replacement opti
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Figure 8.20: BNAT LED - Evolution of lamps sto@ksunits)

The sales of LEDi-R and HID-R jump initially ordéo compensate for the lumen needed
during the phase-out of the other lamps. The nurabsgles is quite high for LEDI-R as the
luminous output is still low compared to the baases, and thus more lamps are needed to
provide the same lumen output. Because of the leegy lifetime of both LEDI-R and HID-R
(18 years), additional sales are only due to irsmddumen demand rather than replacement
sales.
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Figure 8.21: BNAT LED - Evolution of lamps salas%b)
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Figure 8.22: BNAT LED - Evolution of lamps salesynits)

From 2009 onwards, total electricity consumptiomd(atherefore total CO emissions)
decreases until 2012 and then increases slightily2020.

In 2020, total electricity consumption is expectedbe about 15.5 TWh, i.e. 70% lower than
in the BAU scenario. The reduction is the sameCi@ emissions (6.65 Mton in 2020).

Regarding mercury emissions, the total amount as&e in 2009 due to the high increase of
HID-R sales (since mercury emissions occurringhatr tend-of-life are attributed to the sales
year). Then, the emissions decrease until 2012a#tadvards stay relatively constant. In 2020,
total mercury emissions to air due to the eledyriconsumption of lamps during to the use
phase, and due to emissions occurring at EoL of-RIBre about 250 kg, which means a
reduction of about 70% compared to the BAU scenario

Figure 8.24 shows that after 2012, electricity comgtion is only due to LEDI-R (74%), and
HID-R (26%), as the other lamp types have beenguhast.
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Figure 8.23: BNAT LED - Evolution of annual envineental impacts
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Figure 8.24: BNAT LED - Evolution of the contrilartiof the lamp types to the electricity
consumptions of the total lamp stock

8.1.2.7 Comparison of scenarios part 2 lamps

Based on the analysis of the four scenarios (BA¥itnprovement’ scenarios), environmental
impacts in 2020 are presented in Table 8.10, imuudariations both in units and in % with
reference to the BAU scenario, and illustratedigufe 8.25.
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Table 8.10: Environmental impacts in 2020 for eacénario

EIectricity errfi:s?sizons Me_rcury
consumption (Mton) in emissions (ton)

(TWh) in 2020 2020 in 2020

BAU Value 51.1 22.0 0.82

Difference to BAU 0.0% 0.0% 0.0%

_ Value 28.0 12.0 0.45

BAT V\Ilgh lock Difference to BAU (units) -23.2 -10.0 -0.37
Difference to BAU (%) -45.3% -45.3% -45.3%

_ Value 24.5 10.5 0.39

BA;I(;\CA{(ItiI:]OUt Difference to BAU (units) -26.7 -11.5 -0.43
Difference to BAU (%) -52.1% -52.1% -52.1%

Value 15.5 6.7 0.25

BNAT (LED) Difference to BAU (units) -35.6 -15.3 -0.57
Difference to BAU (%) -69.7% -69.7% -69.7%
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Figure 8.25: Comparison of scenarios in 2020

As already mentioned, looking only at the environtatimpacts in 2020 can be confusing. For
example, the mercury emissions on 2020 are redbygedthie same amount as the electricity
consumption because there are few sales of HIDHhAhave mercury embedded. Therefore,
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in order to allow a ‘fair’ comparison, cumulatedveanmental impacts from 2010 (assumed as
the entry into force of the legislation) to 202@deo be analysed. Such a comparison presents
more logical results and the resulting rankingtbé‘most environmental friendly scenario’ is
as expected: the BNAT LED scenario presents thatgse reductions in environmental

impacts.

Table 8.11: Cumulated environmental impacts frorh@® 2020 for each scenario

Electricity

consumption (TWh)

CO2 emissions

(Mton) from

Mercury emissions
(ton) from 2010

from 2010 until 2020| 2010 until 2020 until 2020

BAU | Value 508.4 218.6 8.1

Difference to BAU 0% 0% 0%

_ Value 304.8 131.1 5.6

BAT "‘I’gh lock ™ Diference to BAU (units) -203.6 87.6 256
Difference to BAU (%) -40.1% -40.1% -31.4%

_ Value 293.9 126.4 5.4

BALZ‘(('t:r‘]O“t Difference to BAU (units) 2145 92.2 2.7
Difference to BAU (%) -42.2% -42.2% -33.5%

Value 186.8 80.3 4.3

BNAT (LED) Difference to BAU (units) -321.6 -138.3 -3.8
Difference to BAU (%) -63.3% -63.3% -46.8%
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Figure 8.26: Comparison of scenarios between 2092020

8.1.2.8 Calculation principle used for the luminair e scenario analysis

In addition to improvements related on the lampicady, optic and control system
improvements on the luminaire are also possible d&pter 6 and section 8.1.1.8). Please
note that luminaires can also create a positivk-ioeffect, e.g. by using a pin based CFLni
[see remark on CFLni in 8.1.1.7]. After extensivensultation with CELMA, educated
estimations were made in order to determine thentgyaof savings currently possible from
luminaire improvements. An example of these esasaan be found in Figure 8.27. The full
spreadsheet with all calculations is availabler@ngroject websife

% www.eup4light.net
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General comment: all figures in the tables are estimated values with the knowledge of CELMA members as of today.

Option: dimmable application
Your country: CELMA
Saving method  JLuminaire is only operated at max power for functional use. The rest of the time the luminiare is dimmed. This is applicable for external and
description internal dimmer systems.
Sample picture Sample picture
best practice worst practice
Energy
Category of Is this option How big is the JWhat proportion of How many How many What proportion of | Chararactertic | Chararactertic
luminaires applicable to this market share the energy can be |luminaires [EU27|luminaires [EU27| the energy can be |[parameter best parameter
category or not [EU27 sales] of | saved comparing |sales] are among|sales] are among| saved on average performer worst
improvable worst to best the worst 30 % the best 30% assuming all performer
luminaires in its practice performers in the] performers in |luminaires sold are in
category category the category the range of 30 %
best performers
YN % % % % max min
operational operational
energy energy
consumption consumption
(W) (W)
Downlights y 75 30 50 25 15 <=30 >=60
(recessed
mounted)
Suspension y 75 30 70 10 21 <=30 >=60
(chandeliers)
wall&ceiling y 70 30 60 10 18 <=30 >=60
Desk n
Table y 30 30 80 20 24 <=20 >=40
Floor y 75 30 70 20 21 <=50 >=100
Spot&ghts y 75 30 80 20 24 <=30 >=60
Outdoor n
lower higher
powerconsumpti powerconsumpti
on because on because of
used at 50% use of high
dimming or use wattage lamps in
of low wattage  not dimmable
lamps applications
Note: For dimmable applications cleaning is relevant since the consumer will use more energy in direct relation with the dust on the luminaire

Dimmability is focused on filament lamps, only a very small quantity of CFLI(ni) is dimmable today.

Figure 8.27: Example of CELMA luminaire improvemeata

Data was aggregated in the following manner:

* The analysis begins by taking the market shareefech category of luminaire, as
presented in Table 2.12 of Part 2.

The average wattages given by CELMA are used tbdimnveighted average of the total
market of 79.75 W.

The wattage for each category is divided by theglted average of the total market to
obtain the “relative energy weight” for each catggd his value means the variation
away from the weighted average for each categotiage.

Multiplying the relative energy weight by marketash, a per unit “market average
wattage” is obtained. After this, the market shames wattages have been converted to
a more useful “energy share” for each categorychvis the percentage of energy out
of the total market that each category consumes.

* As we know the total market to use 141.4 TWh/yelar poth NDLS and DLS
applications), this figure is multiplied by the “rkat average wattage” to obtain an
energy usage in TWh for each category.

» The savings potential in TWh was found by multipdylenergy usage by columns “How
big is the market share of improvable luminairesitg category?”, “how many
luminaires are among the worst 30% performers | thategory?”, and “what
proportion of the energy can be saved comparingstvty best practice?”. The
reasoning is the following:

0 How big is the market share of improvable luminaireits category? — defined
what part of the market share is improvable.
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0 How many luminaires are among the worst 30% perosnn the category? —
defines the percentage of improvable luminaires dh@ among the worst 30%.

o0 What proportion of the energy can be saved compavrst to best practice?
— defines the percentage of energy that is savesh wdplacing a worst practice
luminaire with a best practice luminaire.

* Rather than summing, this savings potential is ipligil as a weighted percentage in
order to avoid overlap of savings. For examplertisa with 100% energy use, and
10% energy savings in two separate categoried, éntgy savings would be 100% -
(100%-10%)*(100%-10%) = 100% - 90%*90% = 100% - 81%9%.

» Taking the percentage of energy savings, thisas thultiplied with energy usage to find
the energy savings in TWh.

These improvements with their quantified savingseptial are summarised in Table 8.12:
Luminaire technical savings potential. Note thally ggercentage savings can be given, as the
luminaire improvement is applied on top of othempaimprovements. Thus, the absolute
improvement potential due to luminaires is reduasdamps become more efficient. For other
scenarios please see section 8.1.2.10.

Table 8.12: Luminaire technical savings potential

Luminaire improvement option Applicable to part | Applicable to part 2 | Savings potential (%)
1

Dimmable y y 8.32%

Motion sensor y y 5.76%

Day/night sensor y y 2.44%

Reflectors y n 5.64%

Correct application of luminaire (education) y y 9%%

Diffusing material y n 1.05%

Total (%) 25.2% 19.9% 24.1%

8.1.2.9 Scenario “Luminaire improvement options int roduced on top of scenarios
BAT” part 1&2 lamp stock

As additional information on future predictionsioiplementation of luminaire improvements
that are not related to lamp efficacy is not awalathe full technical savings potential is
assumed to be achieved on a linear basis by 202, The scenarios already analysed could
see additional improvements.

The accepted luminaire lifetime is assumed to beydds (as stated in section 2.2.5). The
replacement of luminaires is considered to naturaltcur during the scenario. More
background information on the impacts is includedaction 8.2.

As Table 8.13 shows, the relative savings over B@ith improved luminaires) remains
almost exactly the same as those in Table 8.1@s®lrote that the most important savings are
due to increasing the lamp efficacy. Luminaires cantribute as well by avoiding a negative
but creating positive lock-in effect, e.g. pin b&<&FLni luminaire or efficient LED luminaire
(see chapter 3 and 6 for details).
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Table 8.13: Environmental impacts 2020 without amith luminaire improvement for DLS

Electricity o Mercury
. CO2 emissions o
consumption (TWh) (Mton) in 2020 emissions (ton)
in 2020 in 2020
Value WITHOUT
luminaire 51.1 22.0 0.82
BAU improvement
Value WITH
luminaire 40.9 17.6 0.7
improvement
Value WITHOUT
luminaire 28.0 12.0 0.45
BAT with improvement
lock in Value WITH
luminaire 224 9.6 0.4
improvement
Value WITHOUT
BAT luminaire 245 10.5 0.39
without improvement
lock in Value WITH
luminaire 19.6 8.4 0.3
improvement
Value WITHOUT
BNAT . luminaire 15.5 6.7 0.25
(LED) improvement
Value WITH
luminaire 12.4 5.4 0.2
improvement

Table 8.14: Environmental impacts 2020 without amith luminaire improvement for NDLS

Electricity
) . Mercury
consumption | CO2 emissions emissions (ton)
(TWh) in (Mton) in 2020 in 2020
2020
BAU Val Vr\)/ITH luminai
aug uminaire 100.7 43.3 2.3
improvement
' Value WITHOUT luminaire 96.0 41.3 1.6
Option 2 improvement
clear B fast inai
Valug WITH luminaire 71.8 30.9 1.2
improvement
Value WITHOUT luminaire 475 20.4 0.85
BAT improvement
Valug WITH luminaire 355 15.3 0.6
improvement
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8.1.3 Sensitivity analysis

The robustness of the outcomes of the study depemdke underlying assumptions. These
assumptions have been explicitly mentioned at ¢fevant steps of the study. In this section,
the sensitivity of the results to the most critiparameters and assumptions is tested, related
namely to:

e The economic data, such as the electricity tai discount rate, and the purchase
price of BAT lamps, which have an influence on th€C when implementing
improvement options,

e The behavioural data such as the annual operatiimals as well as the maximum
lamp lifetime, which have an influence on the LCMase-cases and their improvement
options,

« The replacement of a lamp and its luminaire cong&oethe replacement of the lamp
only.

8.1.3.1 Assumptions related to the electricity tari ~ ff

For the base-cases, an average EU-27 electricitfyab0.1528 €/kWh was used, based on the
data from Eurostat (see chapter 2, section 2.#@)vever, if the lowest electricity tariff (i.e.
0.0658 €/kWh in Latvia) and the highest electri¢ayiff (i.e. 0.2580 €/kWh in Denmark) are
applied, this could lead to different LCC for thesb-cases.

As shown in in the following figures, the modificats in the electricity tariff have a strong
impact on the LCC. Indeed, the major part of theCLi€ due to the electricity costs during the
use phase as specified in chapter 5. Because spfth@ economics of improvement options
changes with the electricity tariff.

The EU-27 average electricity tariff of 0.1528 €R&Ws denoted by the dashed line in the
figures, whereas 0.1619 €/kWh represents the agdretyveen the lowest and the highest rate.
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LCC per lumen per hour (10-6 €/Im/h)

25.00
20.00
15.00
0.0658 €/kWh 0.1619 €/kWh 0.258 €/kWh
Electricity tariff

=—=Base-case GLS-R
= (Optionl: Halogen reflector lamp, R63, E27 (B22d), xenon
=== Qption2: Halogen reflector lamp, PAR20,E27 (B22d), xenon +optimized filament wire design
== (Qption3: Halogen reflector lamp, PAR20,E27 (B22d), xenon +optimized filament wire design + dichroic/silver + anti-reflective
=== (Qption4: Halogen reflector lamp, PAR20,E27 (B22d) transfo inc
===(Qption5: Halogen reflector lamp, PAR20,E27 (B22d) transfo inc + IRC
Option6: Halogen reflector lamp, PAR20,E27 (B22d) transfo inc + IRC + dich/silv + anti-refl
Option7: LED retrofit reflector lamp, R63, E27 (CCT 2700K)

Figure 8.28: GLS-R sensitivity of LCC to electydiariff

In the case of GLS-R and its improvement optioherd is a wide change of LLCC option as
the electricity tariff changes. At the low end, iopt1 is the LLCC option. In the midrange,
option 5 is just barely the LLCC, and afterwards@p6 becomes the LLCC option.
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=== Base-case HL-MV-R-HW
=== Option1: HID retrofit reflector lamp. PAR38. E27 (average of all presented in Chapter 6)
Option2: Compact fluorescentreflector lamp. PAR38(R120).E27

Figure 8.29: HL-MV-R-HW sensitivity of LCC to elsdty tariff

As the electricity tariff increases, the LCC of iopt 1 reduces until it becomes the LLCC
option. If the electicity tariff of Latvia is useas reference, however, option 2 leads to the
LLCC.
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=== Base-case HL-MV-R-LW
=== O ption1: Halogen reflector lamp, MR16, GU10, xenon
Option2: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design
=== (Qption3: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design + silver

=== Qption4: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design + silver + Anti-Reflect

Figure 8.30: HL-MV-R-LW sensitivity of LCC to eledty tariff

With very low electricity tariffs, the base-casex@ually the LLCC. Towards higher tariffs, the
energy savings of option 4 reduce the costs entugkcome the LLCC.
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== Base-case HL-LV-R
=== (ptionl: Halogen reflector lamp, MR16, 12V, GU5.3, xenon
Option2: Halogen reflector lamp, MR16, 12V, GU5.3, IRC + xenon
=== ption3: Halogen reflector lamp, MR16, 36°, 12V, GU5.3, IRC + silver/dichroic
====(Qption4: Halogen reflector lamp, MR16, 36°, 12V, GU5.3, IRC + silver/dichroic + Anti-Refl

Figure 8.31: HL-LV-R sensitivity of LCC to electtyctariff

At the very lowest electricity tariff, the base-eas the LLCC option. Afterwards, option 3 is
the LLCC.

8.1.3.2 Assumptions related to discount rate

For the base-cases, the EU-27 discount rate (sttesee minus inflation rate) was assumed to
be 1.8%. This could be considered as very low, @alhe for the year 2009. Thus, the
sensitivity to the discount rate is analyed considea much wider range of discounts rates of
all the Member States, from 1.77% in multiple to5#8% in Latvia. However, as the following
figures show, the discount rate does not haverdfisant impact on the LCC of the base-cases
and improvement options. For all base-cases, th€Q.loption remains the same despite
changes in the discount rate (keeping the EU-27abeectricity tariff).
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== Base-case GLS-R
== Option1: Halogen reflector lamp, R63, E27 (B22d), xenon
=== (Option2: Halogen reflector lamp, PAR20, E27 (B22d), xenon +optimized filament wire design
= Option3: Halogen reflector lamp, PAR20, E27 (B22d), xenon +optimized filament wire design +
dichroic/silver + anti-reflective
=== Option4: Halogen reflector lamp, PAR20, E27 (B22d) transfo inc
=== Option5: Halogen reflector lamp, PAR20, E27 (B22d) transfo inc + IRC

=== (Qption6: Halogen reflector lamp, PAR20, E27 (B22d) transfo inc + IRC + dich/silv + anti-refl

====Qption7: LED retrofit reflector lamp, R63, E27 (CCT 2700 K)

Figure 8.32: GLS-R sensitivity of LCC to discouater
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=== Base-case HL-MV-R-HW
=== Qption1: HID retrofit reflector lamp. PAR38. E27 (average of all presented in Chapter 6)

====Qption2: Compact fluorescentreflector lamp. PAR38(R120).E27

Figure 8.33: HL-MV-R-HW sensitivity of LCC to disob rate
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=== Base-case HL-MV-R-LW

=== (Optionl: Halogen reflector lamp, MR16, GU10, xenon

=== (Qption2: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design

=== QOption3: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design + silver

=== (Qption4: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design +silver +
Anti-Reflect

Figure 8.34: HL-MV-R-LW sensitivity of LCC to disct rate
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=== Base-case HL-LV-R
=== (Qption1: Halogen reflector lamp, MR16, 12V, GU5.3, xenon
Option2: Halogen reflector lamp, MR16, 12V, GU5.3, IRC + xenon
= Option3: Halogen reflector lamp, MR16, 36°, 12V, GU5.3, IRC + silver/dichroic

Figure 8.35: HL-LV-R sensitivity of LCC to discouate

8.1.3.3 Assumptions related to the price of BAT pro  ducts

Due to uncertainty in the prices of the BAT produgsed as improvement options, the prices
are analysed +/- 30% to determine the effectsnyf @n the LLCC option. As seen in the
following figures, only the LLCC option of base-eadL-MV-R-HW changes from option 1
to option 2 as price increases.
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Price variation
=== Base-case GLS-R
=== Qption1: Halogen reflector lamp, R63, E27 (B22d), xenon
=== Qption2: Halogen reflector lamp, PAR20, E27 (B22d), xenon +optimized filament wire design
= Option3: Halogen reflector lamp, PAR20,E27 (B22d), xenon +optimized filament wire design + dichroic/silver +
anti-reflective
=== OQption4: Halogen reflector lamp, PAR20, E27 (B22d) transfo inc
=== Qption5: Halogen reflector lamp, PAR20, E27 (B22d) transfo inc + IRC

=== Qption6: Halogen reflector lamp, PAR20, E27 (B22d) transfo inc + IRC + dich/silv + anti-refl

=== Option7: LED retrofit reflector lamp, R63, E27 (CCT 2700K)

Figure 8.36: GLS-R sensitivity of LCC to BAT pradoigce
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== Base-case HL-MV-R-HW
=== (Qption1: HID retrofit reflector lamp. PAR38. E27 (average of all presented in Chapter 6)
=== ption2: Compact fluorescentreflector lamp. PAR38(R120).E27

Figure 8.37: HL-MV-R-HW sensitivity of LCC to BAg@uct price
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Price variation

== Base-case HL-MV-R-LW

=== Optionl: Halogen reflector lamp, MR16, GU10, xenon

=== Option2: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design

=== Option3: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design + silver

=== Option4: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design +silver + Anti-Reflect

Figure 8.38: HL-MV-R-LW sensitivity of LCC to BA@uct price
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=== Base-case HL-LV-R
=== (O ption1: Halogen reflector lamp, MR16, 12V, GU5.3, xenon
Option2: Halogen reflector lamp, MR16, 12V, GU5.3, IRC +xenon
=== OQption3: Halogen reflector lamp, MR16, 36°, 12V, GU5.3, IRC + silver/dichroic
=== OQption4: Halogen reflector lamp, MR16, 36°, 12V, GU5.3, IRC + silver/dichroic + Anti-Refl

Figure 8.39: HL-LV-R sensitivity of LCC to BAT pumtl price

8.1.3.4 Assumptions related to operational hours

The sensitivity of the life cycle analysis to chasgn operation hours per year is conducted by
varying operating hours by -20% / +40%. As the regubelow show, all lamps generally
change in the same manner, thus keeping the difesein LCC relatively constant. However,
it is important to note that for the longer lifeentamps (LEDi-R, CFLI-R, HIDI-R), there are
greater changes because of the assumed behavitatimk limit of 18 years. As operating
hours change, the actual usage hours of theseliferlgmps change and therefore the LCC
changes more drastically. Nonetheless, only the@loption of the GLS-R base-case changes
due to variations in operation hours.
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Operation hours per year variation

e====Base-case GLS-R
= QOptionl: Halogen reflector lamp, R63, E27 (B22d), xenon
= (Qption2: Halogen reflector lamp, PAR20,E27 (B22d), xenon +optimized filament wire design
== (O ption3: Halogen reflector lamp, PAR20,E27 (B22d), xenon +optimized filament wire design + dichroic/silver + anti-reflective
=== (Qption4: Halogen reflector lamp, PAR20,E27 (B22d) transfo inc
====Qption5: Halogen reflector lamp, PAR20,E27 (B22d) transfo inc + IRC
Option6: Halogen reflector lamp, PAR20,E27 (B22d) transfo inc + IRC + dich/silv + anti-refl
Option7: LED retrofit reflector lamp, R63, E27 (CCT 2700 K)

Figure 8.40: GLS-R sensitivity of LCC to operatibhaurs per year

As the lifetime of the LEDI-R is capped by the babaral lifetime limit of 18 years, there is a
very strong variation due to operation hours. A% it has the highest LCC and at 40%, it is
the LLCC option.
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Base-case HL-MV-R-HW
=== Qption1: HID retrofit reflector lamp. PAR38. E27 (average of all presented in Chapter 6)
=== Qption2: Compact fluorescentreflector lamp. PAR38(R120).E27

Figure 8.41: HL-MV-R-HW sensitivity of LCC to opeoaal hours per year
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== Base-case HL-MV-R-LW

=== Optionl: Halogen reflector lamp, MR16, GU10, xenon

~===Qption2: Halogen reflector lamp, MR16, GU10, xenon +optimized filament wire design
=== O ption3: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design + silver

=== (Qption4: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design + silver + Anti-Reflect

Figure 8.42: HL-MV-R-LW sensitivity of LCC to opeoaal hours per year
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e==Base-case HL-LV-R
=== (ptionl: Halogen reflector lamp, MR16, 12V, GU5.3, xenon
Option2: Halogen reflector lamp, MR16, 12V, GU5.3, IRC + xenon
== ption3: Halogen reflector lamp, MR16, 36°, 12V, GU5.3, IRC + silver/dichroic
=== (Qption4: Halogen reflector lamp, MR16, 36°, 12V, GU5.3, IRC + silver/dichroic + Anti-Refl

Figure 8.43: HL-LV-R sensitivity of LCC to operata hours per year

8.1.3.5 Assumptions related to behavioural lamp lif  etime limit

The behavioural lamp lifetime limit is used becawsemsumers often replace lamps due to
renovations or redecorating, rather than at the @nthmp lifetime. Considering this, a
preliminary value of 18 years was assumed. Theitsatysof this value is considered -20%
(i.e. 14.4 years) / +40% (i.e. 25.2 years) in ti®Wwing figures. Only the base-cases of GLS-
R and HL-MV-R-HW show changes as their improvemeptions are restricted by the
behavioural lifetime limit. The LLCC option of GLR-base-case changes to the LEDI-R as
behavioural lifetime increases, while HL-MV-R-HWdao change in LLCC option.
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R63, E27 (B22d), xenon

PAR20,E27 (B22d), xenon +optimized filament wire design

PAR20, E27 (B22d), xenon +optimized filament wire design + dichroic/silver + anti-reflective
PAR20,E27 (B22d) transfo inc

PAR20,E27 (B22d) transfo inc + IRC

PAR20, E27 (B22d) transfo inc + IRC + dich/silv + anti-refl

LED retrofit reflector lamp, R63, E27 (CCT 2700 K)

Figure 8.44: GLS-R sensitivity of LCC to operatibhaurs per year
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== Base-case HL-MV-R-HW
=== (QOptionl: HID retrofit reflector lamp. PAR38. E27 (average of all presented in Chapter 6)
=== (QOption2: Compact fluorescentreflector lamp. PAR38(R120).E27

Figure 8.45: HL-MV-R-HW sensitivity of LCC to opeoaal hours per year
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=== Base-case HL-MV-R-LW
=== Option1: Halogen reflector lamp, MR16, GU10, xenon
Option2: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design

===(Qption3: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design + silver

=== (Qption4: Halogen reflector lamp, MR16, GU10, xenon + optimized filament wire design + silver + Anti-Reflect

Figure 8.46: HL-MV-R-LW sensitivity of LCC to optoaal hours per year
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e===Base-case HL-LV-R
=== (Qptionl: Halogen reflector lamp, MR16, 12V, GU5.3, xenon
Option2: Halogen reflector lamp, MR16, 12V, GU5.3, IRC +xenon
==—=Qption3: Halogen reflector lamp, MR16, 36°, 12V, GU5.3, IRC + silver/dichroic
=== (Qption4: Halogen reflector lamp, MR16, 36°, 12V, GU5.3, IRC + silver/dichroic + Anti-Refl

Figure 8.47: HL-LV-R-LW sensitivity of LCC to opeoaal hours per year

8.1.3.6 Impact related to ‘lamp’ vs ‘luminaire +la  mp replacement’

As presented in Section 4.1.5, an EcoReport cosgrais conducted between a typical lamp
and an alternative lamp requiring luminaire changee lamps chosen were the base-case HL-
MV-R-LW, and the HL-LV-R to accompany the luminaireplacement. As the figures below
show, the luminaire and lamp replacement offersiced energy consumption by 34%, as well
as decreased LCC by 20%.
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Figure 8.48: Lamp vs luminaire + lamp replaceméBER and LCC comparison
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Figure 8.49: Lamp vs luminaire + lamp replacemea¥VP and Mercury comparison
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Figure 8.50: Lamp vs luminaire + lamp replacemetigctricity cost and LCC comparison

Table 8.14 shows a more detailed comparison ofetheronmental impacts. As the table
shows, the replacement luminaire often causesaserein environmental impacts. The biggest
increases include hazardous waste (+151%), PAHB8%2, and eutrophication (+251%).
This increases are due mainly to the productiomaterials needed to construct the luminaire.
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Table 8.15: Comparison of luminaire replacemeni@mpenvironmental factors

Base-case HL-MV/

R-LW Case 1 DSL
main environmental . value per lumen value per lumen
L unit
indicators per hour per hour

J 1783.70 1169.41
Total Energy (GER) variation with the
base-case 0.00% -34.44%
_ . J 1667.70 1046.13
of which, electricity variation with the
base-case 0.00% -37.27%
pltr 111.77 77.71
Water (process) variation with the
base-case 0.00% -30.47%
_ pltr 4444.46 2788.94
Water (cooling) variation with the
base-case 0.00% -37.25%
Hg 2165.96 1856.47
Waste, non-haz./ landfill variation with the
base-case 0.00% -14.29%
Waste, hazardous/ _ .ug i 40.60 101.82
incinerated variation with the
base-case 0.00% 150.81%
Emissions (Air)
Greenhouse Gasem rﬁg.COZleq. 82.86 54.37
GWP100 variation with the
base-case 0.00% -34.38%
o Hg SO2 eq. 456.01 309.09
Acidifying agents (AP) variation with the
base-case 0.00% -32.22%
Volatile Org. Compounds — ng i 775.62 849.20
(VOC) variation with the
base-case 0.00% 9.49%
3.
Persistent Org. Pollutants 107pgi-Teq 12.26 9.59
(POP) variation with the
base-case 0.00% -21.75%
ng Nieg. 35.89 27.96
Heavy Metals(HM) variation with the
base-case 0.00% -22.08%
ng Nieg. 8.88 27.32
PAHs variation with the
base-case 0.00% 207.68%
Particulate Matter (PM, _ .ug i 19.68 36.65
dust) variation with the
base-case 0.00% 86.28%
Emissions (Water)
ng Hg/20 11.49 15.39
Heavy Metals(HM) variation with the
base-case 0.00% 33.95%
o ng PO4 80.15 281.42
Eutrophication (EP) variation with the
base-case 0.00% 251.14%

An EcoReport comparison is also conducted for aL8lBxample. The lamps chosen were
the base-case HL-MV-HW, and the LFL-T5 to accompimeyluminaire replacement. As the
figures below show, the luminaire plus lamp reptaest results in significantly lower energy
use (-81%)and LCC (-70%). Mercury emissions are® akduced by 64%, despite the
embedded mercury within the fluorescent lamp.
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Figure 8.52: Lamp vs luminaire + lamp replacemea¥VP and Mercury comparison
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Figure 8.53: Lamp vs luminaire + lamp replacemetigctricity cost and LCC comparison

Table 8.16 shows a more detailed comparison ofetheronmental impacts. As the table
shows, the replacement luminaire causes decreaseionmental impacts of around 60-80%
for all categories except PAHs (-36%), Particuldegter (-38%), and Eutrophication (-24%),
which is due to environmental impacts from produti
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Table 8.16: Comparison of luminaire replacemeni@mpenvironmental factors

Base-case HL-MV/

R-LW Case 1 NDSL
main environmental . value per lumen value per lumen
L unit
indicators per hour per hour

J 615.22 118.37
Total Energy (GER) variation with the
base-case 0.00% -80.76%
_ . J 608.48 113.17
of which, electricity variation with the
base-case 0.00% -81.40%
pltr 40.57 7.79
Water (process) variation with the
base-case 0.00% -80.80%
_ pitr 1622.56 301.67
Water (cooling) variation with the
base-case 0.00% -81.41%
Hg 713.54 166.23
Waste, non-haz./ landfill variation with the
base-case 0.00% -76.70%
Waste, hazardous/ _ .ug i 14.15 5.67
incinerated variation with the
base-case 0.00% -59.96%
Emissions (Air)
Greenhouse Gasem rﬁg.COZleq. 27.14 5.32
GWP100 variation with the
base-case 0.00% -80.40%
o Hg SO2 eq. 158.24 30.60
Acidifying agents (AP) variation with the
base-case 0.00% -80.66%
Volatile Org. Compounds — ng i 236.44 64.11
(VOC) variation with the
base-case 0.00% -72.89%
3.
Persistent Org. Pollutants 107pgi-Teq 4.04 1.03
(POP) variation with the
base-case 0.00% -74.48%
ng Nieg. 10.80 2.45
Heavy Metals(HM) variation with the
base-case 0.00% -77.30%
ng Nieg. 1.54 0.99
PAHs variation with the
base-case 0.00% -35.70%
Particulate Matter (PM, _ .ug i 3.55 2.21
dust) variation with the
base-case 0.00% -37.65%
Emissions (Water)
ng Hg/20 3.94 1.03
Heavy Metals(HM) variation with the
base-case 0.00% -73.96%
o ng PO4 19.26 14.68
Eutrophication (EP) variation with the
base-case 0.00% -23.79%

Impact related to ‘lamp’ vs ‘luminaire + lamp repdement’ NDLSAs presented in Section
6.1.8, an EcoReport comparison is conducted betveeduminaire with HL-LV-R and a
luminaire with LED. As the figures below show, thED offers significantly reduced energy
consumption by 80%, as well as decreased LCC by. 42%
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DISCLAIMER: The statements, figures and graphs prov  ided on this page have to be read in
the context set out in the beginning of section 8.1 .2 and in sections 8.1.2.1 and 8.1.2.2
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Figure 8.54: Lamp vs luminaire + lamp replaceméBER and LCC comparison
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Figure 8.55: Lamp vs luminaire + lamp replacemea¥VP and Mercury comparison
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DISCLAIMER: The statements, figures and graphs prov  ided on this page have to be read in
the context set out in the beginning of section 8.1 .2 and in sections 8.1.2.1 and 8.1.2.2
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Figure 8.56: Lamp vs luminaire + lamp replacemetigctricity cost and LCC comparison

Table 8.18 shows a more detailed comparison ofetheronmental impacts. As the table
shows again, environmental impacts are reducedfisagily, roughly between 75% and 90%,
except for POPs at 47% reduction.
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DISCLAIMER: The statements, figures and graphs prov  ided on this page have to be read in
the context set out in the beginning of section 8.1 .2 and in sections 8.1.2.1 and 8.1.2.2

Table 8.17: Comparison of luminaire replacemeni@mpenvironmental factors

Base-case HL-MV/

R-LW Case 1 DSL
main environmental . value per lumen value per lumen
L unit
indicators per hour per hour

J 1169.41 234.64
Total Energy (GER) variation with the
base-case 0.00% -79.94%
_ . J 1046.13 207.32
of which, electricity variation with the
base-case 0.00% -80.18%
pltr 77.71 15.17
Water (process) variation with the
base-case 0.00% -80.49%
_ pitr 2788.94 546.72
Water (cooling) variation with the
base-case 0.00% -80.40%
Hg 1856.47 474.28
Waste, non-haz./ landfill variation with the
base-case 0.00% -74.45%
Waste, hazardous/ _ .ug i 101.82 23.55
incinerated variation with the
base-case 0.00% -76.87%
Emissions (Air)
Greenhouse Gasem rﬁg.COZleq. 54.37 11.20
GWP100 variation with the
base-case 0.00% -79.40%
o Hg SO2 eq. 309.09 60.33
Acidifying agents (AP) variation with the
base-case 0.00% -80.48%
Volatile Org. Compounds — ng i 849.20 139.21
variation wi e
(VOC) tl th th
base-case 0.00% -83.61%
3.
Persistent Org. Pollutants 107pgi-Teq 9.59 5.05
(POP) variation with the
base-case 0.00% -47.37%
ng Nieg. 27.96 6.74
Heavy Metals(HM) variation with the
base-case 0.00% -75.89%
ng Nieg. 27.32 2.61
PAHs variation with the
base-case 0.00% -90.46%
Particulate Matter (PM, _ .ug i 36.65 11.16
dust) variation with the
base-case 0.00% -69.56%
Emissions (Water)
ng Hg/20 15.39 3.48
Heavy Metals(HM) variation with the
base-case 0.00% -77.39%
o ng PO4 281.42 60.28
Eutrophication (EP) variation with the
base-case 0.00% -78.58%
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8.1.4 Suggested additional requirements for the appropriate implementation

8.1.4.1 Additional recommendations for the lamp lab  elling (Directive 98/11/EC)

It is recommended that the labelling also includes:

* lamps not operated on the mains voltage;

» reflector lamps or directional light sources a$ingel in part 2 of this study (LED
modules or luminaires could be voluntary for redgcdministrative impact that could
hamper the introduction of these new technologyt tiraquently changes in
performance)

It is recommended to redefine the label minimunuiregments in order to:
* introduce a label between the current B and A ag#p between both is too large (see
Figure 8.57 where level 5 = B and level 7 = A);
» streamline the A-label formula with the B labelrfaria;
* have more ambitious labels compared to A;
* it could be considered to introduce a correctiadafor lumen maintenance (LLMF),
especially for LEDs or HID-R lamps.

Please note that the equivalent ‘labels’ usedigigtudy are intended for this study alone, the
debate on the revision and the format of the lsbeutside the scope of this preparatory study
on the Ecodesign Directive 2005/32/EC. The labskdun part 2 are equivalent to those of
part 1 for reasons of comparison. In principle lddeels used in this study are in the extend
possible similar to those in the current the Lahetctive 98/11/EC anno 2009.

The used energy labels in this study are presant€dble 8.18 and they are graphically shown
in Figure 8.57 and Figure 8.58.
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Table 8.18: New definition of lamp efficacy levaatsl labels used in this study

Level Label Maximum system power Minimum light source efficacy
(this (this demand (Psystem) related to (including control gear losses)
study | study) lamp luminous flux (®*°) Nsource = @/ Psystem
(W] [Im/W]

0 G >1,30

1 F 1,30 ® /1,30

2 E 1,10 ®/1,10

3 D 0,95 ® /0,95

4 Cc 0,80 ® /0,80

5 B 0,6 ®/0,6

- X (0,88V®+0,0490)

6 B (B+) 0,4 ®/04 x 1/(0,88V® + 0,0490)

7 A* 0,225 ® /0,225

8 A (A+)’ 0,209 ® /0,209

9 A(A++)" | 0,178 ® /0,178
=BAT
level

10 | A(A+++)" | 0,116 ® /0,116

* It must be noted that the formula for the currexitdl A as defined in Directive 98/11/EC
does not completely corresponds with the proposedfarmula, but the difference is very
small (the current formula is 0.24+0.0103p).

It must also be noted that in the proposed formsyatem power (= lamp + control gear /
power supply) is used. As a consequence the samalfocan be used for all lamps GLS-
lamps, CFLi’s, HL-MV as well as fluorescent lamidg-LV and HID-lamps.

The values should be measured in compliance witraBNCIE standards (see chapter 1) (i.e.
lamp lumen output measured after a defined periazperation) with the following additional
corrections:
* For halogen reflector lamps, GLS-R or LED-R retr@mps the nominal luminous flux
in a 90° cone of the lamp multiplied by 1,25;
* For CFLi-DLS lamps claimed to be retrofit lamps talogen lamps, the nominal
luminous flux in a 90° cone multiplied by 1,25;
* For CFLIi-DLS lamps that make no claim to retrofiildgen lamps, the nominal
luminous flux in a solid angle af sr or a 120° cone multiplied by 1,25;

Rationale behind this 1,25 correction factor:

In a reflector lamp, there is always lumen loss ttuéhe reflector; a typical LOR for a good
reflector lamp, compared to a non reflector lamp lba considered as 0,8. To make a good
evaluation for the labelling of a reflector lamptlwthe same formula as a non-reflector lamp,
the rated luminous flux in the 90° cone shall berected by multiplying it by 1,25; this
correction also reflects the opinion of represeveadtakeholders.

10 For reflector lamp®g
Y For reflector lamp®g
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Efficacy(lamp+gear) versus lamp lumen
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Figure 8.57: Defined lamp efficacy levels 4 - 9
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Figure 8.58: Power demand for the defined lampcaffy levels (except level 0)

A table with corresponding values per defined leefifzacy level is included in part 1 of this
study.
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Table 8.19: Examples of efficacy levels and lab@i€xisting lamp types

Level Proposed Example for domestic lighting
(this label
study) (this
study)
0 G GLS-R
HL-MV-R
1 E HL-MV-R
2 E GLS-MV-R
HL-MV-R-HW
HL-LV-R
3 D HL-MV-R (BNAT)
4 C HL-MV-R-transfo inc
HL-LV-R
5 B ol 7 ) _— HL-MV-R-transfo inc (BNAT)
@ %  Sul & HL-LV-R (BAT)
\"j/ l { CFLIi-DLS(R63) as retrofit and non retrofit
L; g;- €
6 B HIDI-R
(B+) . - CFLi-DLS (R120 - BNAT) as retrofit
. LED-MV-i-R
“§hH
7 A
A y T LED-MV-i-R
(A) “§ )
9 A None
=BAT (A++)
level
10 A None
(A+++)

8.1.4.2 Recommendations to promote the most efficie nt luminaires for general
illumination

It is recommended to introduce an ecolabel or otlvduntary labelling for the most efficient
luminaires, this will facilate horizontal promottial campaigns and rebate programmes (see
8.1.4.3 and 8.1.4.4).
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The proposed ecolabel criteria (see Table 8.20cammected to the luminaire improvement
options as discussed in chapter 6. However it ap@sed to limit the ecolabel to luminaires

that have photometric data available and as a qgoesee LOR or LER criteria are proposed.
Please note that for the tertiary sector similardften stronger proposals were made in lot 8
and 9 for office and street lighting.

The ‘Minimum lock-in label’ means that it is progakto limit the label to those luminaires that
have a positive lock-in effect as discussed in tdraf, e.g. incorporated ballast for CFLni

(minimum A label) or incorporated transformer (minm B label).

Table 8.20: Proposed criteria for awarding an edmato domestic luminaires

Non LED LED
© x ~| S
o) = ol o -
o = = a0 5 ol 4«
c 2oZ 22l |ao| v |z Elg 2
. T |l |cWw o O vl +«=]|E SIE
Category of luminaires < ojuw iz oz = = d
S Sl kA8 Al 2lE EE ¢
= o5 9 Ols|<S | 8k S
o —_ o -~ (&)
= — elz| S| 9
S ~ i
%[ Im/W % %
Downlights (recessed mounted) |A 80| 45 280 99|n n n n
Suspension (chandeliers)-D A 75| 45 =>80|n n n y
Suspension (chandeliers)-DLS  |A 701 40 >80] >50|n n n y
Suspension (chandeliers)-DI A 80] 50 <80|n n n y
wall&ceiling A 701 40 - -In n n n
wall&ceiling (uplighter) A 80] 50 - -ly n n n
Desk A 70] 40 - -|In n n n
Table A 701 40 - -In n y n
Floor -D or -DI A 75| 45 -] >80|n n y -
Floor-I (uplighter) A 85| 55 -] <80|n n y -
Spotlights B(CRI>90)or A| 80| 30 >80] 95|n n n y
Outdoor -B B(CRI>90)or A| 80| 30 >80] 95|y y n y
Outdoor -A A 701 40 -]  95|n n n y

note: D=Direct | = Indirect lighting

Moreover these luminaires should be free of hazassdoaterial, designed for recycling and
contain cleaning and maintenance instructions.

Please note that these LOR/LER criteria could bgewsed when more market data is
available, see recommendations for further R&D.

8.1.4.3 Recommendations to introduce rebate program  mes for efficient luminaires to
retrofit luminaires with inefficient lamps lock-in effect

It is recommended to focus rebate programmes asethuninaire categories that show a large
lock-in effect and that are not easy to replace.

Desk, Table and Floor luminaires have a plug aml e€asily be replaced by the end user

themselve. Hence the retrofit cost is low and t®u$ should be on the other categories of
luminaires, especially downlights or spotlights.
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Downlights or spotlights are designed to closelyd®the reflector lamps. When considering
smaller form factor lamps such as MR16 and AR144& lamp itself can be a structural part of
the fitting. Additionally the beam and field angiéthe reflector lamp are key operating factors
so replacement lamps have to have identical beasnacteristics to the lamp they are
replacing.

8.1.4.4 Recommendations to introduce a quality labe | for LED lighting

Section 8.1.1.6 describes which ten factors thahtmbe included with requirements in a
quality label for LED lighting.

LED lighting requirements or a quality label wilk@d barriers for sales of LED due to bad
consumer experience with LED lamps/luminaires. frfi@mum requirements(section 8.1.1.5)
should include the most important of the ten faxtoentioned above while other or more
strong requirements could be the subject of aBempean quality label for LED lighting.

8.1.4.5 Awareness campaign for luminaire designers

In order to have a maximum effect it is recommenidedreate an awareness campaign about
the proposed ecodesign requirements in sectionl.8.ltowards luminaire and lighting
designers. Complementary to this campaign it isortgnt to collect feedback in order to
improve and update any further requirement.

8.1.4.6 Warning about a potential direct rebound e ffect caused by the introduction of
new energy efficient lighting (e.g. LED)

See part 1.

8.1.4.7 Reduced impact caused by lack of market sur veillance and loopholes in
legislation

See part 1.

8.1.4.8 Complementary recommendations on users info  rmation, product developers
and service providers skills

See part 1.

8.1.4.9 Complementary recommendations on policy act ions to smoothen market
transformation and lamp sales

See part 1.

8.1.4.10 Complementary recommendations on policy ac tions to increase mercury
recycling

See part 1.
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8.1.4.11 Warning on comparing US with EU minimum la  mp efficacy targets

See part 1.

8.1.4.12 Complementary recommendations to reduce th e sensitivity of lighting to line
voltage variations

See part 1.

8.1.4.13 Complementary recommendations to reduce ne gative impact from UV
radiation

See part 1.

8.1.4.14 Complementary recommendations to reduce ba rriers for SMEs and market
surveillance authorities by improving access to EN standards and standards
development related to eco-design requirements

See part 1.

8.1.4.15 Recommendations for the revision
A revision period of 4 years is recommended ancigpattention should be given to LED
light sources and luminaires.

8.1.5 Suggested additional research

This study has been made with the few luminairdoperance data and user application data
available. It is recommended to perform a more eptd study that includes performance
measurements of these luminaires. Moreover alsce mesearch is needed to application
parameters and user behaviour for domestic lureigair

See also part 1

8.1.6 Required new or updated measurement or product standards

None of the existing EN or IEC lamp standards refexcifically to reflector lamps; it should
be proposed to complete these standards (see chapte

Standard EN 130324_{ghting applications — Measurement and presentatd photometric
data of lamps and luminaireshould be adapted by introducing a system powesunement
Psystem [W] in Operational conditions together with the R@neasurement; for luminaires that
can house different lamp types, it is also necgdsatio the measurents for all these types.

It becomes urgent to draw up standards for LED: Igghurces, especially for the sources that
claim to retrofit GLS and halogen lamps, to avdié introduction of incompatible and low
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quality products that could create aversion agaamstrgy efficient solutions. A start was
already taken by introducing a draft EN 62612 (despter 1).

In this draft, also the definition of lifetime i®honly based on LSF as in other lamp standards;
lifetime in this draft standard also takes intoaadt the lumen maintenance (LLMF) of the
lamp. It should be suggested to introduce thiscppie in the existing standards for other lamp

types.

See also part 1.

8.2 Impact analysis for industry and consumers

Implementing measures might affect light sourcesketed for other applications than
general illumination for human vision.

Similar to part 1.

About the projected EU27 annual sales peak angoiodic waves.
Similar to part 1.

A potential negative impact on EU27 GLS lamp predsictransporters and distributors:
Similar to part 1.

Potential barriers created by protected intelledtpeoperty:

All the proposed BAT scenarios rely on basic tedbupp already available for above 20 years,
hence for these scenarios there is no expecteccinpre info see chapter 6). The BNAT
scenario however relies on LED technology wher&ova 1000 patents are involved (more
info see chapter 6).

Impact of the proposed luminaire measures:

The implementation of the proposed generic ecodesquirement on luminaires in 8.1.1.8
should be closely monitored. The expected impadulsh mainly come from creating
awareness with the many luminaire designers agtivedustry. Impact should come from the
assumption that there is a general positive atitiodvards ecodesign and that awareness will
stimulate adoption and motivate material suppltersncrease production of more advanced
and efficient optic luminaire materials. After aripe of some years, the exceptions applied by
the manufacturers and explained in the technicalchentation files should be evaluated, to
determine whether they are well motivated by ‘funral’, ‘design’ or ‘economic’ reasons (see
also R&D recommendation in 8.1.5).

Background information about the impact of merdomryught into circulation with household

lamps:

See part 1.
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Annexes
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DISCLAIMER: The figures provided on this page have
and in sections 8.1.2.1 and 8.1.2.2

to be read in the context set out in the beginning

of section 8.1.2 (General remarks)

Annexe 8-1: Main economic and environmental datdahe scenario “BAU”

GLS-R HL-MV-R-HW HL-MV-R-LW HL-LV-R TOTAL

Total stock 291591919 | 26.4% | 107306006 | 9.7% | 121004645 | 11.0% | 584873780 | 52.9% 1104776349 | 100%

2007 Total sales 126 096 260 | 29.9% | 67257000 | 15.9% | 75 843 000 18.0% | 153000000 | 36.2% 422 196 260 100%
Electricity consumption (GWh) 7057 21.9% 5955 18.5% 3358 10.4% 15792 49.1% 32162 100%

Total stock 268863050 | 23.0% | 136773513 | 11.7% | 162562458 | 13.9% | 599377647 | 51.3% 1167576667 | 100%

2008 Total sales 115731193 | 26.5% | 75207279 | 17.2% | 91406649 | 20.9% | 155109283 | 35.5% 437 454 404 100%
Electricity consumption (GWh) 6 506 18.7% 7591 21.8% 4511 13.0% 16 184 46.5% 34792 100%

Total stock 246134181 | 20.0% | 164383435 | 13.4% | 205977856 | 16.7% | 613881514 | 49.9% 1230376985 | 100%

2009 Total sales 105366 127 | 23.3% | 83157558 | 18.4% | 106970297 | 23.6% | 157218566 | 34.7% 452 712 548 100%
Electricity consumption (GWh) 5956 15.9% 9123 24.4% 5716 15.3% 16 575 44.4% 37371 100%

Total stock 223405311 | 17.3% | 190135771 | 14.7% | 251250840 | 19.4% | 628385381 | 48.6% 1293177304 | 100%

2010 Total sales 95001060 | 20.3% | 91107837 | 19.5% | 122533946 | 26.2% | 159327849 | 34.0% 467 970 692 100%
Electricity consumption (GWh) 5 406 13.6% 10553 26.4% 6972 17.5% 16 967 42.5% 39 898 100%

Total stock 200676 442 | 14.8% | 214030522 | 15.8% | 298381410 | 22.0% | 642889248 | 47.4% 1355977622 | 100%

2011 Total sales 84635993 | 17.5% | 99058116 | 20.5% | 138097595 | 28.6% | 161437132 | 33.4% 483 228 836 100%
Electricity consumption (GWh) 4 856 11.5% 11 879 28.0% 8280 19.5% 17 358 41.0% 42374 100%

Total stock 198 644 874 | 14.3% | 217465872 | 15.6% | 319997310 | 23.0% | 654094289 | 47.1% 1390202345 | 100%

2012 Total sales 84924172 | 17.4% | 95023187 | 19.4% | 145576591 | 29.8% | 163600532 | 33.4% 489 124 482 100%
Electricity consumption (GWh) 4807 11.1% 12 069 27.8% 8880 20.5% 17 661 40.7% 43418 100%

2013 Total stock 196 613306 | 13.8% | 220246035 | 15.5% | 342268397 | 24.0% | 665299330 | 46.7% 1424427069 | 100%
Total sales 85212350 | 17.2% | 90988257 | 18.4% | 153055588 | 30.9% | 165763931 | 33.5% 495 020 127 100%
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DISCLAIMER: The figures provided on this page have
and in sections 8.1.2.1 and 8.1.2.2

to be read in the context set out in the beginning

of section 8.1.2 (General remarks)

Electricity consumption (GWh) 4758 10.7% 12 224 27.5% 9 498 21.4% 17 964 40.4% 44 443 100%

Total stock 194581739 | 13.3% | 222371012 | 15.2% | 365194670 | 25.0% | 676504372 | 46.4% 1458651792 | 100%

2014 Total sales 85500529 | 17.1% | 86953328 | 17.4% | 160534585 | 32.0% | 167927331 | 33.5% 500 915 772 100%
Electricity consumption (GWh) 4709 10.4% 12 342 27.2% 10134 22.3% 18 266 40.2% 45451 100%

Total stock 192550171 | 12.9% | 223840802 | 15.0% | 388776130 | 26.0% | 687709413 | 46.1% 1492876516 | 100%

2015 Total sales 85788707 | 16.9% | 82918398 | 16.4% | 168013582 | 33.2% | 170090730 | 33.6% 506 811 417 100%
Electricity consumption (GWh) 4 660 10.0% 12 423 26.8% 10 789 23.2% 18 569 40.0% 46 440 100%

Total stock 190518 603 | 12.5% | 224655406 | 14.7% | 413012776 | 27.0% | 698914455 | 45.8% 1527101239 | 100%

2016 Total sales 86076886 | 16.8% | 78883469 | 15.4% | 175492578 | 34.2% | 172254129 | 33.6% 512 707 062 100%
Electricity consumption (GWh) 4611 9.7% 12 468 26.3% 11461 24.2% 18 871 39.8% 47 411 100%

Total stock 188487035 | 12.1% | 224814823 | 14.4% | 437904609 | 28.0% | 710119496 | 45.5% 1561325963 | 100%

2017 Total sales 86365064 | 16.7% | 74848539 | 14.4% | 182971575 | 35.3% | 174417529 | 33.6% 518 602 707 100%
Electricity consumption (GWh) 4561 9.4% 12 477 25.8% 12 152 25.1% 19174 39.6% 48 364 100%

Total stock 186 455467 | 11.7% | 224319053 | 14.1% | 463451629 | 29.0% | 721324537 | 45.2% 1595550687 | 100%

2018 Total sales 86653243 | 16.5% | 70813610 | 13.5% | 190450572 | 36.3% | 176580928 | 33.7% 524 498 352 100%
Electricity consumption (GWh) 4512 9.2% 12 450 25.3% 12 861 26.1% 19 476 39.5% 49299 100%

Total stock 184423900 | 11.3% | 223168097 | 13.7% | 489653835 | 30.0% | 732529579 | 44.9% 1629775410 | 100%

2019 Total sales 86941421 | 16.4% | 66778680 | 12.6% | 197929569 | 37.3% | 178744328 | 33.7% 530 393 997 100%
Electricity consumption (GWh) 4463 8.9% 12 386 24.7% 13588 27.1% 19779 39.4% 50216 100%

Total stock 182392332 | 11.0% | 221361955 | 13.3% | 516511227 | 31.0% | 743734620 | 44.7% 1664000134 | 100%

2020 Total sales 87229600 | 16.3% | 62743751 | 11.7% | 205408565 | 38.3% | 180907727 | 33.7% 536 289 643 100%
Electricity consumption (GWh) 4414 8.6% 12 286 24.0% 14 333 28.0% 20 081 39.3% 51114 100%
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DISCLAIMER: The figures provided on this page have
and in sections 8.1.2.1 and 8.1.2.2

to be read in the context set out in the beginning

of section 8.1.2 (General remarks)

Annexe 8-2: Main economic and environmental datdhe scenario “BAT with lock in (slow)”

BAT with lock in (slow)

GLS-R HL-MV-R-HW HL-MV-R-LW HL-LV-R HID-R TOTAL

Total stock (min) 291591919 | 26.4% | 107306006 | 9.7% | 121004645 | 11.0% | 584 873780 | 52.9% 0 0.0% | 1104776349 [ 100%

2007 Total sales (min) 126 096 260 | 29.9% | 67257000 | 15.9% | 75843000 | 18.0% | 153000000 | 36.2% 0 0.0% 422 196 260 100%
Electricity consumption (TWh) 7057 21.9% 5955 18.5% 3358 10.4% 15 792 49.1% 0 0.0% 32162 100%

Total stock (min) 268 863 050 | 23.0% | 136773513 | 11.7% | 162562458 | 13.9% | 599377 647 | 51.3% 0 0.0% | 1167576667 | 100%

2008 Total sales (min) 115731193 | 26.5% | 75207279 | 17.2% | 91406 649 | 20.9% | 155109283 | 35.5% 0 0.0% 437 454 404 100%
Electricity consumption (TWh) 6 506 18.7% 7591 21.8% 4511 13.0% 16 184 46.5% 0 0.0% 34792 100%

Total stock (min) 246134 181 | 20.0% | 164383435 | 13.4% | 205977856 | 16.7% | 613 881514 | 49.9% 0 0.0% | 1230376985 [ 100%

2009 Total sales (min) 105 366 127 | 23.3% | 83157558 | 18.4% | 106970297 | 23.6% | 157 218566 | 34.7% 0 0.0% 452 712 548 100%
Electricity consumption (TWh) 5956 15.9% 9123 24.4% 5716 15.3% 16 575 44.4% 0 0.0% 37371 100%

Total stock (min) 129677433 | 9.8% | 97126435 | 7.3% | 342685091 | 25.8% | 644293569 | 48.5% | 115876880 87% | 1329659408 | 100%

2010 Total sales (min) 0 0.0% 0 0.0% | 217219329 | 42.1% | 183412055 | 35.5% | 115876880 | 22.4% | 516508265 100%
Electricity consumption (TWh) 3138 9.2% 5391 15.8% 8116 23.8% 15 822 46.3% 1688 4.9% 34 155 100%

Total stock (min) 23585751 | 1.7% | 26689323 | 1.9% | 468920336 | 32.9% | 674705625 | 47.3% | 233401447 | 16.4% | 1427302482 | 100%

2011 Total sales (min) 0 0.0% 0 0.0% | 222310989 | 42.5% | 183412055 | 35.1% | 117524567 | 22.5% | 523247611 100%
Electricity consumption (TWh) 571 1.9% 1481 4.8% 10218 33.2% 15 069 49.0% 3400 11.1% 30 740 100%

Total stock (min) 0 0.0% 0 0.0% | 509999801 | 34.4% | 701505558 | 47.3% | 270932659 | 18.3% | 1482438018 | 100%

2012 Total sales (min) 0 0.0% 0 0.0% | 163785115 | 43.0% | 179799934 | 47.2% | 37531212 9.8% 381 116 260 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 10924 37.5% 14 249 48.9% 3947 13.6% 29 120 100%

Total stock (mln) 0 0.0% 0 0.0% | 503921483 | 33.1% | 744514408 | 48.9% | 274396 361 18.0% | 1522832252 [ 100%

2013 Total sales (min) 0 0.0% 0 0.0% | 130693569 | 39.4% | 197 890364 | 59.6% 3 463 702 1.0% 332 047 635 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 10 059 37.2% 12 983 48.0% 3998 14.8% 27 040 100%

Total stock (min) 0 0.0% 0 0.0% | 484221717 | 31.9% | 757865096 | 49.9% | 277043790 | 18.2% | 1519130603 | 100%

2014 Total sales (min) 0 0.0% 0 0.0% | 218145264 | 93.2% | 13350688 | 5.7% 2 647 430 1.1% 234 143 381 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 8 687 33.5% 13180 50.9% 4036 15.6% 25903 100%
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Total stock (min) 0 0.0% 0 0.0% | 487621177 | 31.7% | 771215783 | 50.2% | 278874947 | 18.1% | 1537711908 | 100%

2015 Total sales (min) 0 0.0% 0 0.0% | 134843531 | 89.9% | 13350688 | 8.9% 1831157 1.2% 150 025 375 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 8717 33.3% 13 377 51.1% 4063 15.5% 26 156 100%

Total stock (min) 0 0.0% 0 0.0% | 503706575 | 32.1% | 784566471 | 50.0% | 279889832 | 17.8% | 1568162877 | 100%

2016 Total sales (min) 0 0.0% 0 0.0% | 68093781 | 82.6% | 13350688 | 16.2% 1014 884 1.2% 82 459 353 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 9074 34.0% 13573 50.8% 4078 15.3% 26 725 100%

Total stock (mlin) 0 0.0% 0 0.0% | 523915150 | 32.4% | 811012445 | 50.2% | 280088 443 17.3% | 1615016038 | 100%

2017 Total sales (min) 0 0.0% 0 0.0% | 106121586 | 37.7% | 175009 739 | 62.2% 198 612 0.1% 281329 936 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 9523 35.2% 13 416 49.7% 4081 15.1% 27 019 100%

Total stock (min) 0 0.0% 0 0.0% | 544655643 | 32.7% | 840530152 | 50.5% | 280088 443 16.8% | 1665274239 | 100%

2018 Total sales (min) 0 0.0% 0 0.0% | 138760725 | 39.5% | 212929763 | 60.5% 0 0.0% 351 690 488 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 9983 36.7% 13175 48.4% 4081 15.0% 27 239 100%

Total stock (min) 0 0.0% 0 0.0% | 565928053 | 33.0% | 869789961 | 50.7% | 280088443 | 16.3% | 1715806457 | 100%

2019 Total sales (min) 0 0.0% 0 0.0% | 111789662 | 34.8% | 209 746 045 | 65.2% 0 0.0% 321535 708 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 10 455 38.1% 12 941 47.1% 4081 14.9% 27 477 100%

Total stock (min) 0 0.0% 0 0.0% | 587732379 | 33.5% | 886151888 [ 50.5% | 280088443 | 16.0% | 1753972710 | 100%

2020 Total sales (min) 0 0.0% 0 0.0% | 105109 230 | 33.3% | 210815109 | 66.7% 0 0.0% 315 924 338 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 10939 39.0% 13 057 46.5% 4081 14.5% 28 076 100%
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Annexe 8-3: Main economic and environmental dataHe scenario “BAT with lock in (fast)”

BAT with lock in (fast)

GLS-R HL-MV-R-HW HL-MV-R-LW HL-LV-R HID-R TOTAL

Total stock (min) 291591919 | 26.4% | 107 306 006 9.7% 121 004 645 11.0% 584873780 | 52.9% 0 0.0% | 1104776349 1;

2007 Total sales (min) 126 096 260 | 29.9% 67 257 000 15.9% 75 843 000 18.0% 153000000 | 36.2% 0 0.0% 422196260 | 1
Electricity consumption (TWh) 7057 21.9% 5955 18.5% 3358 10.4% 15792 49.1% 0 0.0% 32162 1

Total stock (min) 268863050 | 23.0% | 136773513 11.7% | 162562458 13.9% 599377647 | 51.3% 0 0.0% | 1167576667 1;

2008 Total sales (min) 115731193 | 26.5% 75207 279 17.2% 91 406 649 20.9% 155109283 | 35.5% 0 0.0% 437 454404 | 1
Electricity consumption (TWh) 6506 18.7% 7591 21.8% 4511 13.0% 16 184 46.5% 0 0.0% 34792 1

Total stock (min) 246134181 | 20.0% | 164383435 13.4% | 205977 856 16.7% 613881514 | 49.9% 0 0.0% | 1230376985 1;

2009 Total sales (min) 105 366 127 | 23.3% 83 157 558 18.4% | 106 970 297 23.6% 157218566 | 34.7% 0 0.0% 452712548 | 1l
Electricity consumption (TWh) 5956 15.9% 9123 24.4% 5716 15.3% 16 575 44.4% 0 0.0% 37371 1

Total stock (min) 129 677 433 10.0% 97 126 435 7.5% 315 402 478 24.2% 644293569 | 49.5% | 115876880 | 8.9% | 1302376794 1;

2010 Total sales (min) 0 0.0% 0 0.0% 189 936 716 38.8% 183412055 | 37.5% | 115876880 | 23.7% | 489225651 | 1
Electricity consumption (TWh) 3138 9.4% 5391 16.1% 7491 22.3% 15822 47.2% 1688 5.0% 33530 1

Total stock (min) 23 585 751 1.7% 26 689 323 1.9% 417 372 207 30.3% 674705625 | 49.0% | 233401447 | 17.0% | 1375754353 1;

2011 Total sales (min) 0 0.0% 0 0.0% 198 045 473 39.7% 183412055 | 36.8% | 117524567 | 23.6% | 498982095 | 1
Electricity consumption (TWh) 571 1.9% 1481 5.0% 9037 30.6% 15 069 51.0% 3400 11.5% 29 558 1

Total stock (min) 0 0.0% 0 0.0% 452177 611 31.7% 701505558 | 49.2% | 270932659 | 19.0% | 1424615827 1;

2012 Total sales (min) 0 0.0% 0 0.0% 132 138 223 37.8% 179799934 | 51.4% | 37531212 | 10.7% | 349469369 | 1
Electricity consumption (TWh) 0 0.0% 0 0.0% 9599 34.5% 14 249 51.3% 3947 14.2% 27 795 1

Total stock (mln) 0 0.0% 0 0.0% 465 176 763 31.3% 744514408 | 50.2% | 274396361 | 18.5% | 1484087532 1;

2013 Total sales (min) 0 0.0% 0 0.0% 125294 327 38.4% 197890364 | 60.6% 3 463 702 1.1% 326648392 | 1
Electricity consumption (TWh) 0 0.0% 0 0.0% 9242 35.2% 12 983 49.5% 3998 15.2% 26223 1

Total stock (min) 0 0.0% 0 0.0% 469 703 943 31.2% 757 865 096 50.4% | 277043790 | 18.4% | 1504612828 1;

2014 Total sales (min) 0 0.0% 0 0.0% 211242014 93.0% 13 350 688 5.9% 2647430 1.2% 227240131 | 1
Electricity consumption (TWh) 0 0.0% 0 0.0% 8517 33.1% 13 180 51.2% 4036 15.7% 25733 1
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Total stock (mln) 0 0.0% 0 0.0% 474951 599 31.1% 771215783 | 50.6% | 278874947 | 18.3% | 1525042330
2015 Total sales (min) 0 0.0% 0 0.0% 134 476 445 89.9% 13 350 688 8.9% 1831157 1.2% 149658290 | 1
Electricity consumption (TWh) 0 0.0% 0 0.0% 8594 33.0% 13 377 51.4% 4063 15.6% 26 034 1
Total stock (min) 0 0.0% 0 0.0% 491 036 996 31.6% 784 566 471 50.4% | 279889832 [ 18.0% | 1555493299 1;
2016 Total sales (min) 0 0.0% 0 0.0% 68 093 781 82.6% 13 350 688 16.2% 1014 884 1.2% 82 459 353 1
Electricity consumption (TWh) 0 0.0% 0 0.0% 8951 33.6% 13573 51.0% 4078 15.3% 26 602 1
Total stock (mlin) 0 0.0% 0 0.0% 511 245 572 31.9% 811012445 | 50.6% | 280088443 | 17.5% | 1602 346460 1;
2017 Total sales (min) 0 0.0% 0 0.0% 106 121 586 37.7% 175009739 | 62.2% 198 612 0.1% 281329936 | 1
Electricity consumption (TWh) 0 0.0% 0 0.0% 9 400 34.9% 13 416 49.9% 4081 15.2% 26 896 1
Total stock (min) 0 0.0% 0 0.0% 531 986 065 32.2% 840 530 152 50.9% | 280088443 [ 16.9% | 1652 604 660 1;
2018 Total sales (min) 0 0.0% 0 0.0% 138 760 725 39.5% 212 929 763 60.5% 0 0.0% 351690488 | 1
Electricity consumption (TWh) 0 0.0% 0 0.0% 9 860 36.4% 13175 48.6% 4081 15.0% 27 116 1
Total stock (min) 0 0.0% 0 0.0% 553 258 474 32.5% 869 789 961 51.1% | 280088443 | 16.4% | 1703 136879 1;
2019 Total sales (min) 0 0.0% 0 0.0% 111 789 662 34.8% 209746 045 | 65.2% 0 0.0% 321535708 | 1
Electricity consumption (TWh) 0 0.0% 0 0.0% 10333 37.8% 12 941 47.3% 4081 14.9% 27354 1
Total stock (min) 0 0.0% 0 0.0% 575 062 801 33.0% 886151888 | 50.9% | 280088443 | 16.1% | 1741303 132 1;
2020 Total sales (min) 0 0.0% 0 0.0% 105 109 230 33.3% 210 815 109 66.7% 0 0.0% 315924338 | 1
Electricity consumption (TWh) 0 0.0% 0 0.0% 10 817 38.7% 13 057 46.7% 4081 14.6% 27 954
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Annexe 8-4: Main economic and environmental datdahfe scenario “BAT without lock in”

BAT without lock in

GLS-R HL-MV-R-HW HL-MV-R-LW HL-LV-R HID-R TOTAL

Total stock (min) 291591919 | 26.4% | 107306006 | 9.7% | 121004645 | 11.0% | 584873780 | 52.9% 0 0.0% 1104 776 349 100%

2007 Total sales (min) 126096 260 | 29.9% | 67257000 | 15.9% | 75843000 | 18.0% | 153000000 | 36.2% 0 0.0% 422 196 260 100%
Electricity consumption (TWh) 7057 21.9% 5955 18.5% 3358 10.4% 15 792 49.1% 0 0.0% 32162 100%

Total stock (min) 268863050 | 23.0% | 136773513 | 11.7% | 162562458 | 13.9% | 599377647 | 51.3% 0 0.0% 1167 576 667 100%

2008 Total sales (min) 115731193 | 26.5% | 75207279 | 17.2% | 91406649 | 20.9% | 155109 283 35.5% 0 0.0% 437 454 404 100%
Electricity consumption (TWh) 6 506 18.7% 7591 21.8% 4511 13.0% 16 184 46.5% 0 0.0% 34792 100%

Total stock (min) 246134181 | 20.0% | 164383435 | 13.4% | 205977856 | 16.7% | 613881514 | 49.9% 0 0.0% 1230376 985 100%

2009 Total sales (min) 105366 127 | 23.3% | 83157558 | 18.4% | 106970297 | 23.6% | 157218566 | 34.7% 0 0.0% 452 712 548 100%
Electricity consumption (TWh) 5956 15.9% 9123 24.4% 5716 15.3% 16 575 44.4% 0 0.0% 37371 100%

Total stock (min) 129677433 | 10.4% | 97126435 | 7.8% | 125465762 [ 10.1% | 779715634 | 62.5% | 115876880 | 9.3% 1247 862 144 100%

2010 Total sales (min) 0 0.0% 0 0.0% 0 0.0% | 318834121 73.3% | 115876880 | 26.7% 434711 001 100%
Electricity consumption (TWh) 3138 9.8% 5391 16.8% 3482 10.9% 18 316 57.2% 1688 5.3% 32015 100%

Total stock (min) 23 585 751 1.9% 26 689 323 2.1% 29390019 | 2.3% | 952588703 | 75.3% | 233401447 | 18.4% | 1265655243 100%

2011 Total sales (min) 0 0.0% 0 0.0% 0 0.0% | 325873068 73.5% | 117524567 | 26.5% 443 397 635 100%
Electricity consumption (TWh) 571 2.2% 1481 5.6% 816 3.1% 20 187 76.3% 3400 12.9% 26 455 100%

Total stock (min) 0 0.0% 0 0.0% 0 0.0% | 1026045217 | 79.1% | 270932659 | 20.9% 1296 977 875 100%

2012 Total sales (min) 0 0.0% 0 0.0% 0 0.0% | 226456514 | 85.8% | 37531212 | 14.2% 263 987 726 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 20227 83.7% 3947 16.3% 24174 100%

Total stock (mln) 0 0.0% 0 0.0% 0 0.0% | 1086082090 | 79.8% | 274396361 | 20.2% 1360 478 451 100%

2013 Total sales (min) 0 0.0% 0 0.0% 0 0.0% | 214918387 | 98.4% 3463 702 1.6% 218 382 089 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 19211 82.8% 3998 17.2% 23209 100%

Total stock (min) 0 0.0% 0 0.0% 0 0.0% | 1116961744 | 80.1% | 277043790 | 19.9% 1394 005 534 100%

2014 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 30 879 654 92.1% 2647 430 7.9% 33527 083 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 19 666 83.0% 4036 17.0% 23702 100%
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Total stock (mlin) 0 0.0% 0 0.0% 0 0.0% | 1148342340 | 80.5% | 278874947 | 19.5% 1427 217 287 100%

2015 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 31380596 94.5% 1831157 5.5% 33211 753 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 20 129 83.2% 4063 16.8% 24 191 100%

Total stock (min) 0 0.0% 0 0.0% 0 0.0% | 1180223878 | 80.8% | 279889832 | 19.2% 1460 113 710 100%

2016 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 31881538 96.9% 1014 884 3.1% 32 896 423 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 20598 83.5% 4078 16.5% 24 676 100%

Total stock (mln) 0 0.0% 0 0.0% 0 0.0% | 1229823182 | 81.5% | 280088443 | 18.5% 1509 911 626 100%

2017 Total sales (min) 0 0.0% 0 0.0% 0 0.0% | 307854942 | 99.9% 198 612 0.1% 308 053 553 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 20378 83.3% 4081 16.7% 24 458 100%

Total stock (min) 0 0.0% 0 0.0% 0 0.0% | 1290203623 | 82.2% | 280088443 | 17.8% 1570292 066 100%

2018 Total sales (min) 0 0.0% 0 0.0% 0 0.0% | 384916109 | 100.0% 0 0.0% 384 916 109 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 20072 83.1% 4081 16.9% 24153 100%

Total stock (min) 0 0.0% 0 0.0% 0 0.0% | 1344104731 | 82.8% | 280088443 | 17.2% 1624193 175 100%

2019 Total sales (min) 0 0.0% 0 0.0% 0 0.0% | 299246768 | 100.0% 0 0.0% 299 246 768 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 19 963 83.0% 4081 17.0% 24043 100%

Total stock (mln) 0 0.0% 0 0.0% 0 0.0% | 1380673200 | 83.1% | 280088443 | 16.9% 1660 761 643 100%

2020 Total sales (min) 0 0.0% 0 0.0% 0 0.0% | 253679100 | 100.0% 0 0.0% 253 679 100 100%
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 20343 83.3% 4081 16.7% 24 423 100%
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Annexe 8-5: Main economic and environmental dataHe scenario “BNAT (LED)”

BNAT (LED)
GLS-R HL-MV-R-HW HL-MV-R-LW HL-LV-R HID-R LED-R

Total stock (min) 291591919 | 26.4% | 107306006 | 9.7% | 121004 645 | 11.0% | 584 873 780 | 52.9% 0 0.0% 0 0.0% | 1104 7

2007 Total sales (min) 126 096 260 | 29.9% | 67257000 | 15.9% | 75843000 | 18.0% | 153 000000 | 36.2% 0 0.0% 0 0.0% 42218
Electricity consumption (TWh) 7057 21.9% 5955 18.5% 3358 10.4% 15792 49.1% 0 0.0% 0 0.0% 32

Total stock (min) 268 863 050 | 23.0% | 136773513 | 11.7% | 162562 458 | 13.9% | 599 377 647 | 51.3% 0 0.0% 0 0.0% | 1167 5'

2008 Total sales (min) 115731193 | 26.5% | 75207279 | 17.2% | 91406649 | 20.9% | 155109 283 | 35.5% 0 0.0% 0 0.0% 437 45
Electricity consumption (TWh) 6506 18.7% 7591 21.8% 4511 13.0% 16 184 46.5% 0 0.0% 0 0.0% 34°

Total stock (mlin) 246 134 181 | 20.0% | 164383435 | 13.4% | 205977 856 | 16.7% | 613 881514 | 49.9% 0 0.0% 0 0.0% | 1230 3'

2009 Total sales (min) 105 366 127 | 23.3% | 83157558 | 18.4% | 106 970297 | 23.6% | 157 218 566 | 34.7% 0 0.0% 0 0.0% 452 71
Electricity consumption (TWh) 5956 15.9% 9123 24.4% 5716 15.3% 16 575 44.4% 0 0.0% 0 0.0% 37:

Total stock (min) 129677433 | 6.9% | 97126435 | 5.2% | 125465762 | 6.7% | 460881514 | 24.5% | 115876880 | 6.2% | 954456184 | 50.7% | 1883 4

2010 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% | 115876880 | 10.8% | 954456184 | 89.2% | 10703
Electricity consumption (TWh) 3138 10.7% 5391 18.4% 3482 11.9% 12 444 42.4% 1688 5.8% 3207 10.9% 29:

Total stock (min) 23585751 | 0.9% | 26689323 | 1.0% | 29390019 | 1.2% | 307881514 | 12.1% | 233401447 | 9.1% | 1934024271 | 75.7% | 2554 9

2011 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% | 117524567 | 10.7% | 979568088 | 89.3% | 10970
Electricity consumption (TWh) 571 2.7% 1481 7.0% 816 3.9% 8313 39.5% 3400 16.2% 6 469 30.7% 21 (

Total stock (min) 0 0.0% 0 0.0% 0 0.0% | 154881514 | 5.1% | 270932659 | 89% | 2626210882 | 86.0% | 3052 0'

2012 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 37531212 5.1% | 692186611 | 94.9% | 72971
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 4182 24.6% 3947 23.2% 8858 52.1% 16 ¢

Total stock (mln) 0 0.0% 0 0.0% 0 0.0% 0 0.0% | 274396361 | 8.3% | 3032637569 | 91.7% | 3307 0

2013 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 3463 702 0.8% | 406426687 | 99.2% | 409 8¢
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 3998 28.0% 10 285 72.0% 142

Total stock (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% | 277043790 | 8.2% | 3091084679 | 91.8% | 3368 1

2014 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2647 430 4.3% 58 447 110 95.7% 61 09
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 4036 27.8% 10 466 72.2% 14°¢
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34293

Total stock (mln) 0 0.0% 0 0.0% 0 0.0% 0 0.0% | 278874947 | 8.1% | 3150480679 [ 91.9%
2015 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1831157 3.0% 59 396 001 97.0% 6122
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 4063 27.6% 10 650 72.4% 147
Total stock (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% | 279889832 | 8.0% | 3204514685 | 92.0% | 3484 4
2016 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1014 884 5.1% 18 932 656 94.9% 19 94
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 4078 27.4% 10 814 72.6% 14 ¢
Total stock (mlin) 0 0.0% 0 0.0% 0 0.0% 0 0.0% | 280088443 | 7.9% | 3250485022 [ 92.1% | 3530 5
2017 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 198 612 0.4% 45970 337 99.6% 46 16
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 4081 27.1% 10 956 72.9% 15 (
Total stock (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% | 280088443 | 7.8% | 3297167027 | 92.2% | 3577 >
2018 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 46682005 | 100.0% | 4668
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 4081 26.9% 11 099 73.1% 151
Total stock (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% | 280088443 | 7.7% | 3344560700 | 92.3% | 3624 6
2019 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 47393673 | 100.0% | 4739
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 4081 26.6% 11245 73.4% 15°:
Total stock (mlin) 0 0.0% 0 0.0% 0 0.0% 0 0.0% | 280088443 | 7.6% | 3392666041 | 92.4% | 3672 7
2020 Total sales (min) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 48105341 | 100.0% | 4810
Electricity consumption (TWh) 0 0.0% 0 0.0% 0 0.0% 0 0.0% 4081 26.4% 11393 73.6%

15 ¢
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