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4 LIGHTING AND ENERGY STANDARDS AND CODES

4 Lighting and energy standards and codes

4.1 Review of lighting standards worldwide
41.1 Introduction
The major international organization in charge afordinating the management of standards,

recommendations, and technical reports in the fafltighting is the Commission Internationale de
'Eclairage (CIE). The CIE has published severataemmendations for indoor lighting and has
contributed to a joint ISO-CIE standard 1SO 8995aIE, 2001/ISO 2002) concerning indoor
working places.

The CIE publications related to indoor lighting disted below:

CIE 49-1981:Guide on the Emergency Lighting of Building Interso

CIE 52-1982:Calculations for Interior Lighting: Applied Method

CIE 55-1983: Discomfort Glare in the Interior Working Environmien

CIE 60-1984:Vision and the Visual Display Unit Work Station

CIE 117-1995:Discomfort Glare in Interior Lighting

CIE 123-1997:Low vision - Lighting Needs for the Partially Sigtd

CIE S 008/E: 2001/ISO 8995-1:2002(E)-ighting of Work Places - Part 1: Indoor

CIE 146/147:2002 :CIE Collection on Glare 2002

CIE 161:2004:Lighting Design Methods for Obstructed Interiors

CIE S 010/E:2004/ ISO 23539:2005(EPhotometry - The CIE System of Physical Photometry
CIE 097:2005: Maintenance of Indoor Electric Lighting SystemsdZadition

CIE S 009/E:2002/IEC 62471:2006Photobiological Safety of Lamps and Lamp Systems

ISO 11664-2:2008(E)/CIE S 014-2/E:2006€CIE Standard llluminants for Colorimetry

CIE 184:2009:Indoor Daylight llluminants

The recommendations of the CIE have been intergratalifferent manners in different countries.
Hence some differences exist among lighting recomstaéions worldwide. Furthermore, in the
North America, the Illuminating Engineering Society North America (IESNA) is active in
developing its own recommendations. The best knoewouments are the IES Lighting Handbooks
which are regularly updated. The working groupgte IESNA have their own references and it is
quite typical that some approaches differ from #no$ the CIE. For example, IESNA uses the term

Visual Comfort Probability (VCP) for glare ratingsues (Rea 2000), whereas the CIE glare rating
is called the Unified Glare Ratio (UGR) (CIE 1995).
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4 LIGHTING AND ENERGY STANDARDS AND CODES

In the Annex 45 work the lighting recommendationsngwide were compared. The comparison is
useful in identifying the potential for amendingete standards, considering the growing need for
the increasing energy efficiency of lighting. Thevrew focused on office buildings.

4.1.2 Data collection

The first task was to collect the documents presgnnational lighting recommendations from
different countries through network of experts, dodranslate the various published criteria of non
English documents into English. The lighting recosmdation data was collected from eleven
countries/regions, including both industrialisedlateveloping countries. The collected documents
related to indoor lighting recommendations fromfeliént countries are listed below.

Argentina:
Tonello, G. y Sandoval, J.,"Recomendaciones panaithacion de oficinas” Asociacion Argentina
de Luminotécnia (AADL), 1997.

Australia:

AS/NZS 1680.0-1998 Interior lighting - Safe moverhen

AS 1680.1-2006 Interior and workplace lighting -1@&eal principles and recommendations.

AS 1680.2.0-1990 Interior lighting: Part 2.0 - Resmendations for specific tasks and interiors.
AS 1680.2.1-1993 Interior lighting: Part 2.1- Citation spaces and other general areas.

AS 1680.2.2-1994 Interior lighting - Office and sen-based tasks

AS 1680.2.3-1994 Interior lighting: Part 2.1- Edticaal and training facilities

Brazil:
CIE 29.2-1986: Guide on Interior Lighting

China:
GB 50034-2004 Standard for lighting design of binigks.

Europe:
EN 12464-1:2002: Light and lighting- Lighting of wioplaces- Part 1: Indoor Work Places.

India:

IS 3646 (Part 1):1992, Code of practice for interidumination: Part 1 General requirements and
recommendations for working interiors.

National Building Code of India 2005 (NBC 2005) P8r Section 1

Japan:
JIES-008 (1999)- Indoor Lighting Standard.

Nepal:

J.B. Gupta, Electrical installation estimation azwbting, S.K. Kataria & Sons. New Delhi 1995 7
edition.

Russia:

SNiP 23-05-95 Daylight and Atrtificial LightingConstruction Standards and Rules of Russian
Federation.

South Africa:
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SANS 10114-1:2005 - Code of Practice for Interioglhting.
USA:
ANSI/IESNA RP-1-04, American National Standard Riee for Office Lighting.

4.1.3 Method

The Table 4.1 shows various lighting parameters clwhivere selected in collecting the data.
Specifications for collecting data were dividedarthree categories: individual needs, social needs
and environmental needs.

4.1.4  Display using world maps

Details of the lighting recommendations for offikghting are presented iAppendix Aln order to
give a general view of the consistency of and d#fgces in specifications in lighting standards and
codes across the world, the main recommended vauepresented on world maps, Figures 4-1
4-7. ISO/CIE standard recommendation values are pissented in the map for comparison with
the national/regional recommendations. Most lighgtiacommendations include specifications on:

Minimum illuminance levels on work planes (Figurely
Minimum illuminance when working on computers (Figut-2)
Minimum illuminance in the surroundings (Figure #-3
Luminance ratios near task areas (Figure 4-4)

Glare rating (Figure 4-5)

Luminances on the ceiling and shielding angle (IFegd-6)
Indoor surface reflectance (Figure 4-7)

These specifications are essential, since they sapihe measures to maintain the quality of
lighting. These measures are the production of mimn quantities of light (lumen) in room and in
task areas, recommendations in the distributiorthef light in the task and surrounding areas,
recommendations on the glare, etc.
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Table 4-1.Various lighting parameters selected in collectithg data from the national lighting recommendations

A. INDIVIDUAL NEEDS

llluminance (horizontal) on task area

VISUAL PERFORMANCE llluminance ( vertical) on task area

llluminance (horizontal) on computer ( keyboard, mo use)
llluminance for drawing

llluminance of immediate surroundings

llluminance (vertical) on screens

Luminance ratio on the task area (luminances on wall s, ceilings, task plane,
etc.)

Ceiling luminance

Maximum luminance from overhead luminaries

Maximum wall luminance

Maximum window luminance

VISUAL COMFORT Recommended surface reflectances

Specification of flicker-free light sources

llluminance uniformity on the task area

Discomfort Glare Rating

Discomfort glare in the case of use of Visual Display Terminals (VDT)
Control of reflected glare and veiling reflections

Possible specifications regarding lighting fixtures

Color rendering index (CRI)
Correlated color temperature(CCT)
Possible use of saturated colors
Possible use of color variations of light

COLOR APPEARANCE

View to the outside

Light quality through lighting modelling

Directional lighting

WELL-BEING Biophilia hypothesis (Expression of recommendations to maximize daylight)
Lighting quality / Aesthetics of space

Aesthetics of lighting equipment

Individual or programmed lighting and daylight control

Role of spectral power distribution

Daylight exposure through value of daylight factor
Daily exposure to daylight

Frequency of light (Hz)

UV/( Ultra Violet) content of light

Infra red exposure associated to lighting

NON VISUAL EFFECTS

B. SOCIAL NEEDS

Cost, budget

User satisfaction (expressed by reduction of complai nts)

Impact of lighting quality on productivity through reduction of failures, higher
satisfaction and less fatigue

Reduction of maintenance through improved quality of equipment

Impact of lighting on security issues

Impact of lighting on feeling of safety

C. ENVIRONMENTAL NEEDS

Reduction of power consumption for lighting through e fficient light sources
and luminaries

Ability of lighting system to minimize peak load de mand (use of daylight,
adjusted power consumption)

Lighting controls (use of daylight, use of occupancy sensors)

Reduction of harmonics and power losses in electricit y distribution networks
Reduction of resources for making lamps (increased | ife of sources)
Reduction of environmental impact (low production of pollutants)
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Comparison on specifications for visual performance in offices
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Figure 4-1. Minimum illuminance on work plane (horizontal) fdrawing and minimum illuminance on conference rooms
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Minimum illuminance (horizontal) for computer. llluminance (vertical) on screens
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Comparison on specifications for visual performance in offices

Fa

,--.:_.'

& | /J' e
Minimum iﬂtﬂnmmlcerﬁérfmnmﬂer
10000x, Vert=1501x |
Hluminance {(vert) on screens :5001x,

¥

R
P e

.J-\"Jl

Hﬂlﬂnwnﬂumi;ance {hz) computer: 3201x
Hluminance (vert)on screens (simple): 2401x
luminance {vert)on Screens (detail) - 3201x

b/
o

Figure 4- 2. Minimum illuminance on work plane for offices witbmputer screens.
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Comparison on specifications for visual performance in offices
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Comparison on specifications for visual performance in offices

Luminance ratio on task area
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Comparison on specifications for visual performance in offices
Unified glare ratio (UGR), Visual comfort propability (VCP)
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Figure 4-5. Glare specifications.

67



68

4 LIGHTING AND ENERGY STANDARDS AND CODES

Comparison on specifications for visual performance in offices

Ceiling luminance and shielding angle
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Comparaison on specifications for visual performance in offices

Surface reflectance
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Figure 4-7. Surface reflectances.
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The summary of the lighting recommendations preseénin Figures 4-1- 4-7 indicate the
following.

Minimum values of illuminance on work planes forfisE work, drawing and conference
rooms vary from 200 to 500 Ix, which leads to aaiodliscrepancy of lighting power of 1:2.5
if the lighting uniformities delivered in the roonase identical.

Recommendations concern minimum horizontal and ic@rtilluminance values. The

recommendations do not take into account the lumgea of computer screens.

Ratios of luminance in the field of vision are rathconsistent and similar to the CIE work
recommendations.

Glare ratings use either the Unified Glare RatiodGR) of the CIE or the Visual Comfort

Probability (VCP) of the IESNA. These specificat®are rather consistent.

Ceiling luminance and shielding seem to be rathemststent. This is essential with the
development of direct/indirect luminaires. Howeweo, specification takes into account the
risk of overhead glare, which is an issue undecdssion at the CIE.

415 Recommended illuminance levels

Details of the recommended illuminance values fdfice lighting found in different national
recommendations worldwide are tabulated Appendix A Basically, the differences in
recommended illuminances are not high since theg te be related to the CIE recommendations.
However, there are countries which recommend lovedues of minimum illuminance.

The ISO standard ISO 8995-1:2002 (CIE 2001/1SO 2@f&tes that in the areas where continuous
work is carried out the maintained work plane illumance should not be less than 200 Ix. In all the
reviewed recommendations, the minimum work plarheminances in offices were higher. 1ISO
8995-1:2002 standard does not give any recommenaédr uniformity of illuminance on the work
plane, but suggests that the illuminance in theinig of the task should not be too low in
comparison to the illuminance on task area. Fomepie, the illuminance in the vicinity of task is
300 Ix for a task with illuminance of 500 Ix, 20@ for a task with illuminance of 300 Ix. However,
the illuminance in the vicinity of task should bgual to the illuminance in the task area if thewal
for task illuminance is below 200 Ix. In most couets which were reviewed, the minimum
maintained illuminance on desks for regular offieeork is 500 Ix, but lower values are
recommended in India (300 Ix), Denmark (300 Ix), Al@lepending on type of task) amklstralia
(320 Ix). Minimum illuminance values for loungeghbies and corridors are specified within a
range from 50 to 100 Ix depending on country.

4.2 Energy codes and policies
4.2.1 Europe — Energy performance of buildings directive

The building sector in the EU area is using 40%tbé total EU energy consumption and is
responsible for 36% of the GCemissions. There are 210 million households areldtea of the
households is 15 000 Kmwhile the area of offices is 6 000 KmThe EU building sector offers
significant potential for cost-effective energy says. (Wouters 2009)

The Europe Energy Performance of Buildings Direet(EPBD) offers holistic approach towards
more energy efficient buildings. The objective dPBD is to promote the improvement of energy
performance of buildings within the EU through cestective measures. The EPBD requires all EU
countries to enhance their building regulations amdntroduce energy certification schemes for
buildings. The countries are also required to heagpections of boilers and air-conditioners.
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All EU member countries have produced a status rejmo2008 about the implementation of the
EPBD in their country; the compiled country repoese available at the website of Concerted
Action of EPBD. Many countries have set new reqoiemts for instance for the U-values
(coefficient of thermal transmission) or for theimpary energy demand per square meter. (CA
EPBD 2008). According to Maldonado et al. (2009psftive aspects of the EPBD are e.g.: new,
more demanding building regulations to be in fotikceoughout the EU, and further on the plans call
for tougher regulations every five years. Therea@s® now clear targets for what can be considered
high-performance buildings in most member states, the awareness of the importance of building
energy efficiency is increased in EU. (Maldonad®2p

4.2.2  Energy efficient building codes and policies in tHdS

In the US buildings consume more energy than amgosector of the US economy. Almost three-
quarters of the 81 million buildings in the US wdrailt before 1979. The building sector accounts
for about 40% of the primary energy use and about4i0% of energy-related G@missions. The
US buildings contribute 9% of the world G@missions. Lighting consumes about 11% of the
energy of residential sector and 26% of the enexjiyhe commercial sector. (Sunder 2009)

The following Actions have building related program
— Energy Policy Act (EPAct 2005)
— Energy Independence and Security Act (EISA 2007)
— American Recovery and Reinvestment Act (ARRA 2009)

For instance the EPAct directs R&D for new buildgngnd retrofits including onsite renewable

energy generation and extends the ENERGY STAR punogne (Ch. 4.4.1) by adding new energy
conservation standards and expands energy effigmduct labeling. The EISA upgrades energy
standards for appliances, equipment and lighting arandates the zero-net energy commercial
building initiative. The ARRA invests to improve ergy efficiency of Federal buildings, schools,

hospitals, and low-income houses using existingt-efiective technologies. The application of

existing technologies yields efficiency improvemnof 30-40%. (Sunder 2009)

4.2.3  Energy efficient building codes and policies in Cha

Urbanization is speeding up in China. Today thelegmal footprint in China is 1.6 global hectares
per capita, whereas the world average is 2.2 glbleatares per capita. In 2006 the building area in
China was estimated to be 175 000%(75 Mnt), and the forecast for year 2020 is 30000 000
km? (30 Gnrf). (Wang 2009)

Wang gives annual energy consumption in 2004 fenoercial buildings (kWh/a) (government
office, hotel, shopping mall, office, comprehensibaisiness building). The majority of the
buildings use less than 150 kWHna and almost all buildings less than 300 kwhén The 1{'
Five-Year Plan of China has set a target of impngvenergy efficiency. The key goal is that energy
intensity relative to the country’s gross domegiroduct should be reduced by 20% from 2005 to
2020. The targets for buildings are to build nevergy efficient buildings of 1.6 Ghbuilding area
with 50% increase in efficiency and to retrofit alidc654 Mnf of existing residential and public
buildings. In addition, 15 Mrhof renewable energy demonstration projects is tdbit. (Wang
2009)

4.2.4  Energy efficient building codes and policies in Bedl

In Brazil 47.5% of the total energy consumptiorpi®duced by renewable energy, including hydro
power and power from sugar cane products. Howetee, share of non-renewable energy is
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increasing. Lighting uses 17% of the energy constiompin the residential sector. In commercial

buildings the share of lighting energy of the tabalilding energy consumption is from 12% to 57%,

being 22% on average. In the public sector lightuges 23% of the total energy consumption,
while HVAC uses 48%, other equipment 15% and otleads 14%. In Brazil there are few laws

and standards that include demands for energyieffcy and building performance, these are the
Law 9991- 2000 Investments in R&D and energy eéitty by utilities and the Law 10295 — 2001

Energy efficiency law. The standard ABNT 15220 cents thermal performance and the ABNT
15575 gives minimum performances.

4.2.5 Energy efficient building codes and policies in StuAfrica

The CQ emissions of the total energy in South Africa dieided per sector as follows: residential
13%, commercial 10%, transport 16%, manufacturi@§o4 mining 11% and other 10%. The
energy efficiency strategy was created in 2004 dnadding regulations have been renewed
recently. The SANS 0204 will set out the generajugements for improving energy efficiency in
all types of new buildings. SANS 0204 will be ingmrated into National Building regulations.
(Milford 2009)

The energy efficiency strategy sets national tagdet final energy demand reduction by 2015. The
targets are 10% reduction in the residential seatwt 15% in the commercial sector. Targets are
expressed in relation to the forecast national gnelemand in 2015. The means to reach the targets
are legislation, efficiency labels and performarstandards, energy management activities and
energy audits and promotion of efficient practicksaddition there are some local initiatives. The
draft for Gauteng energy strategy aims to replatandescent lamps in government buildings by
energy efficient lighting by 2012, and to reducesegy demand by 25% in government buildings by
2014. (Milford 2009)

4.2.6 25 Energy Efficiency Policy Recommendations by IEA THE G8

The IEA recommendations document reports the outahnthe IEA three-year programme in
support of the second focus area of the IEA G8 @hgles programme: energy efficiency policies.
(IEA 2008). The recommendations cover 25 fieldsaation across seven priority areas: cross-
sectoral activity, buildings, appliances, lightingansport, industry and power utilities. It is eot
that the saving by adopting efficient lighting texlogy is very cost-effective and buildings account
for about 40% of the total energy used in most does. The fields of action of buildings and
lighting are outlined below:

Buildings
— Building codes for new buildings
— Passive Energy Houses and Zero Energy Buildings
— Policy packages to promote energy efficiency inséixig buildings
— Building certification schemes
— Energy efficiency improvements in glazed areas
Lighting

— Best practice lighting and the phase-out of incaugat lamps
— Ensuring least-cost lighting in non-residential ldings and the phase-out
of inefficient fuel-based lighting
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4.3 Energy-related legislation in the European Union

431 Introduction

Several directives, regulations and other legislai are in force or under development in the
European Union. The most important directives attteo legislations at European level regarding
the lighting sector are listed below:

— EuP, Energy-using Products Directive (EC 2005) wihizas recast in 2009 by directive of
ecodesign requirements for energy related products

— Ballast Directive (EC 2000)

— EPBD, Energy Performance of Buildings Directive (2Q02)

— ESD, Energy Services Directive (EC 2006)

— EEL, Energy Efficiency Label (EC 1998)

4.3.2 EuP Directive

Directive 2005/32/EC of the European Parliament afithe Council of July & 2005 establishes a
framework for the setting of ecodesign requiremefus energy-using products and amending
Council Directive 92/42/EEC and Directives 96/57/E@nd 2000/55/EC of the European
Parliament and of the Council. This so called Euirebtive or the Ecodesign Directive defines for
which types of products shall be implementing measishall be done and how (EC 2005).

The directive promotes environmentally consciousdoct design écodesigh and contributes to

sustainable development by increasing energy efiicy and the level of environmental protection
Ecodesign means the integration of environmentgeets in product design with the aim of
improving the environmental performance of the prodthroughout its life cycle. The EuP
directive also increases the security of the eneugyply at the same time.

The procedure for creating implementing measuredeurthe EuP directive is defined in the
directive. In practice, product groups are ideetfiby the European Commission. Preparatory
studies on these products aim to identify and recmnd ways to improve the environmental
performance of products. The performance of thedpots is considered throughout their lifetime at
their design phase based on a methodology calle@EWEE (methodology study for ecodesign of the
energy-using products). MEEUP defines eight aredsetincluded in each preparatory study:

Product Definition, Standards and Legislation
Economics and Market Analysis

Consumer Analysis and Local Infrastructure
Technical Analysis of Existing Products

Definition of Base Case(s)

Technical Analysis of Best Available Technology (BA
Improvement Potential

Policy, Impact and Sensitivity Analysis

ONoOhA~WNE

The use of MEEUP ensures that all the necessargsaagee taken into account in the preparatory
studies.

The European Commission writes draft implementingasures, starting from these preparatory

studies and consulting the stakeholders in congBatitsforums. These measures are voted by the
Member States and are then given to the EuropediaReent for the final vote.
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According to the EuP directive, the requirements ba generic or specific ecodesign requirements.
A generic ecodesign requirement is based on théogazal profile of an EuP, and it does not set

limit values for particular environmental aspedtsspecific ecodesign requirement is a quantified
and measurable ecodesign requirement related @otecplar environmental aspect of an EuP, such
as energy consumption calculated for a given uhduiput performance during usage.

The EuP directive is a product directive and hakract consequence on tiE markingof the new
products. Before an EuP covered by implementing suess is placed on the market, a CE
conformity marking shall be affixed. A declaratiaf the conformity shall be issued whereby the
manufacturer or its authorised representative esssand declares that the EuP complies with all
relevant provisions of the applicable implementmgasure. (EC 2005)

Lighting products have been selected as one ofpiterity product groups in the EuP directive.
Preparatory studies have been prepared for stdBte and residential lighting products. The
outcome of these studies is two regulations in éom@nd one under construction. The two
implementing measures have been published in tha fof Commission Regulations and entered
into force on the 13 of April 2009 in all Member States:

— Commission Regulation (EC) No 245/2009 of March"12009 implementing Directive
2005/32/EC of the European Parliament and of theur©@d with regard to ecodesign
requirements for fluorescent lamps without integdaballast, for high intensity discharge
lamps, and for ballasts and luminaires able to afgesuch lamps, and repealing Directive
2000/55/EC of the European Parliament and of thar@d.

— Commission Regulation (EC) No 244/2009 of March"12009 implementing Directive
2005/32/EC of the European Parliament and the Cibuwgéh regard to ecodesign
requirements for non-directional household lamps.

These regulations give generic and specific requéets for lamps, luminaires and ballasts. The
directive 2000/55/EC - the so called ballast dineet- is repealed by the regulation 245/2009 one
year after the regulation enters into force.

The Preparatory Study for Eco-design RequiremeritE€wPs on "Domestic lighting — Part 2:
Directional lamps and household luminaires" is aétneeady and discussion with stakeholders has
started.

In the lighting sector, there are three implemegtmeasures of the EuP directive:
Regulation 244/2009 for non-directional househaliohps
Regulation 245/2009 for fluorescent lamps withontegrated ballast, for high intensity
discharge lamps, and for their ballasts and lumggi
Regulation under construction for directional langp&l household luminaries

Regulation 244/2009 sets requirements for lampgally used in households: incandescent lamps,
halogen lamps and compact fluorescent lamps witbgrated ballast. The following lamps are
exempted from the Regulation: (a) non-white lampisromaticity coordinates limits defined); (b)
directional lamps; (c) lamps having a luminous flo&low 60 lumens or above 12 000 lumens; (d)
UV- lamps (limits are defined); (e) fluorescent Ipmwithout integrated ballast; (f) high-intensity
discharge lamps; (g) incandescent lamps with E14/B22/B15 caps, with a voltage equal to or
below 60 volts and without integrated transformeStages 1-5. Table 4-2 and Table 4-3 show how
the regulation will affect the lamp market.

74



4 LIGHTING AND ENERGY STANDARDS AND CODES

Table 4-2. Regulation 244/2009 on Non-directional householahjtes.

Stage | Date Lamps to be banned (i.e. can not be "placed on the market" anymore)

1 1 Sept 2009 All non-clear lamps not equivalent-class A (any pow er)

Clear lamps equivalent-class D, E, F, G with lumino us flux = 950 Im (e.g. power =
100 W incandescent lamps, 230 V >60 W halogen lamps )

Clear lamps with luminous flux < 950 Im equivalent- class F, G

2 1 Sept 2010 Clear lamps equivalent-class D, E, F, G with lumino us flux =2 725 Im (e.g. power=
75 W incandescent lamps, 230 V =60 W halogen lamps)
Clear lamps with luminous flux < 725 Im equivalent- class F, G

3 1 Sept 2011 Clear lamps equivalent-class D, E, F, G with lumino us flux = 450 Im (e.g. power =
60 W incandescent lamps, 230 V =40 W halogen lamps)
Clear lamps with luminous flux < 450 Im class F, G or equivalent

1 Sept 2012 Clear lamps equivalent-class D, E, F, G any power

4
5 1 Sept 2013 Enhanced functionality requirements
6 1 Sept 2016 Poor efficiency halogens (C)

The regulation defines maximum allowed power fovegi luminous fluxes. For lamps with energy labéljs easy to link the
regulation requirements with class limits. In tlable, the word "equivalent-class" is then used.

Table 4-3.Regulation 244/2009 on Non-directional householahpes: Requirement for Clear Lamps.

= c = c
&5 | 5| ¢
S| &| & B
. g & 8| =
o Requirement = = = =
o) - <
S Date Scope (allowed energy =5 = = = 5 ~ =
2 classes) §§ K)g 8§ 8% g %:)
NZ|nNE|NE vzl gl s
28|9808la5| 8 8|50
b S S LIJ
OO0 |Oo0|OF| T |XT|O |1
1 |1 Sep 2009 for>950 Im (z80W) |A B C'D E F G
for the rest A B CDEFEG
A B CDEF
2 |1 Sep 2010 for >725 Im (265 W) G
for the rest A BCDEFG
A BCDEFG
3 |1sep2011 for >450 Im (245 W)
for the rest A B CDEFG
4 |1Sep2012 |for>60Im(27W) |A B C D E F G
5 |1 Sep 2013 | "&ising quality ABCDETFG
requirements
i A BCDEFG
6 |1Sep 2016 special cap halogen
for the rest A B CDEFG

Regulation 245/2009 applies to lamps, ballasts landinaires generally used in tertiary sector i.e.
fluorescent lamps without integrated ballast anghhintensity discharge lamps. The regulation sets
requirements for lamps, ballasts and luminairesasaely. The most important effects of the
regulation 245/2009 are:

. T8 halophosphate fluorescent lamps phased out fk8rpril 2010

. Stand by power consumption 1 W per ballast fromAi8il 2010 and 0,5 W per ballast from
13 April 2012

. T10 and T12 halophosphate fluorescent lamps phaseftom 13 April 2012

- High pressure mercury lamps phased out from 13 IA&015, retrofit high pressure sodium
lamps banned then also
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Allowed ballast energy efficiency indexes A1 BAT2BAT and A2 from 13 April 2017
Efficacy and performance requirements for high ptee sodium lamps and metal halide
lamps

The tertiary sector lighting regulation repeals the called ballast directive (2000/55/EC). The
ballast directive classified the ballasts for flascent lamps according to their energy efficiencg a
banned two of the most inefficient classes: baflagith energy efficiency indexes (EEI) C and D.
The regulation 245/2009 introduces two new EEIs,BAT and A2 BAT, and phases out all other
classes but A2 and these two new EEIs from 13 AR@L7. This means phasing out all magnetic
ballasts as they are not able to reach the enefifgpiency requirements.

Both of the regulations on lighting sector use fitegase “placing on the market”. The requirements
are set on the placing on the market of the prosluctthe scope. The placing on the market means
the first time the product is made available on € market. Products not complying with the
requirements can not be placed on the market froengiven date on. Examples of placing on the
market:
When one company manufactures, stores and sellpribduct, the placing on the market
takes place when the company sells the product,
In a corporation when the product is transferrednirthe possession of manufacturing
department to the distribution chain, and
Manufacturing outside the EU, placing on the markates place when the product is
transported to the EU.

After being placed on the market, the product ifowkd to be further sold regardless of the
requirements.

4.3.3 Energy performance of buildings

The four key points of the Directive 2002/91/EC tive energy performance of buildings are (EC

2002):
. acommon methodology for calculating the integrageergy performance of buildings;

minimum standards on the energy performance of haildings and existing buildings that

are subject to major renovation;

systems for the energy certification of new andséirig buildings and, for public buildings,

prominent display of this certification and othexl@vant information. Certificates must be

less than five years old;

regular inspection of boilers and central air-cdimtiing systems in buildings and in

addition an assessment of heating installationwich the boilers are more than 15 years

old.

Deadline for transposition in the Member States Wwds2006.

EN 15193- Energy requirements for Lighting LENI

The Lighting Energy Numeric IndicatdENI) has been established to show the annualtiligh
energy per m2 required to fulfil lighting requiremts in the building specifications.

LENI = W—f\m KWh/nPlyear (4-1)
where

Wiight total annual energy used for lighting [kWh/year]

A total useful floor area of the building [th
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The LENI can be used to make direct comparisongheflighting energy used in buildings which
have similar categories with different size and foguration.

In CEN/TC 169Light and Lighting substructure WG 9 (Energy performance of buildingas
developed the standard EN 151B@jhting energy estimatio(EN 2007). The standard considers
different aspects of energy consumption, namely;
— Installed load. This includes all installed lumires
— Usage during the dayl'his can be controlled by using daylight-dependigtiting control
and occupancy control systems.
— Usage at night. This can be controlled by usingugancy control
— Use of constant illuminance. This means contrahatial illuminance (maintenance control)
— Standby. This represents parasitic power in cotadolighting components
— Algorithmic lighting and scene setting. This incksl reduced energy consumption of
installed power.

The standard uses the basic formula to measurecatmilate the annual lighting energy for a
building (WL ,):

W= Y[Pax Fex{(toxFoXx Fp) + (tn XFo) }J/ 1000  kWh (4-2)

Additionally, the annual parasitic power @) for the evaluation of stand-by power losses and
power for emergency lighting completes the energlgalation.

Wp = Y{[PpcX {ty- (to + tn )+ (PemX te) }/ 1000  kWh (4-3)

where

Pn total luminaire power in a zone [W]

Fc constant illuminance factor

ty time when parasitic power is used [h]

tp time for daylight usage [h]

tn time for non-daylight usage [h]

Fo daylight dependency factor

Fo occupancy factor

Poc parasitic power in a zone (which generally meaasdby losses) [W]

ty time in a standard year (8760 h)

Pem total installed charging power for emergency ligigtiuminaires in a
zone [W]

te emergency lighting charging time [h]

The total annual energy used for lighting is
Wiight = WL + Wp kWh/year

The standard provides both a quick method and aprehrensive method. An example of the use of
the quick method is given below

t, > R
Wight = 6 A+ “1000” kWh/year (4-4)

where

tu = (to X Fp X Fo) + (tn X Fo) is the effective usage hour
A'is the total area of the building.
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The valuesg ty, Fp , Fo are tabulated in EN 15193.
6 A indicates the energy consumption for emergdrgiyting and parasitic power.
Example for offices:
tu = (to X Fp X Fo) + (tn X Fo)
tp =2250 h,t, =250h, =08, =0.9
t,=1845h

4.3.4  Energy Efficiency Label

Directive 98/11/EC sets the requirements for endelpel for household lamps. In practice, only

incandescent and compact fluorescent lamps areded. All other light sources are excluded. It
implements the directive 92/75/EEC, which is an hnella” labelling directive. It establishes that

household appliances shall be labelled accordintipéar energy consumption, and that the product
information shall be harmonised.

4.3.5 Disposal phase of Lighting Equipment in Europe
Legislation

The material contents and the disposal of lightaagiipment are chiefly regulated by two directives
that apply to electrical and electronic equipment:

— The RoHS Directive: Directive 2002/95/EC of the Bpean Parliament and of the Council
of 27" of January 2003 on the restriction of the use eftain hazardous substances in
electrical and electronic equipment

— The WEEE Directive: Directive 2002/96/EC of the Bpean Parliament and of the Council
of 27" of January 2003 on waste electrical and electregjgipment

These directives complement European Union measorefandfill and incineration of waste.
Increased recycling of electrical and electronigides will limit the total quantity of waste going
final disposal. Producers, including manufacturargl importers, will be responsible for taking
back and recycling electrical and electronic desicEhis will provide incentives to design electiica
and electronic equipments in more environmentaligrfdly and a more efficient way considering
waste management aspects fully. Consumers willlide 8 return their waste equipments free of
charge.

RoHS Directive

The first directive, ROHS, is mainly related to theoduction phase of the products, as it deals with
the material compositiorof the products. It is not allowed to put on thearket products with
hazardous substances (heavy metals: lead, mercagmium and hexavalent chromium) and
brominated flame retardants [polybrominated bipher{i?BB) or polybrominated diphenyl ethers
(PBDE)] exceeding fixed limits (EC 2003a). The RoldiBective is strongly related to the disposal
phase. The absence or limited amount of hazardausstances will limit the generation of
hazardous waste.

As the RoHS directive is a harmonizing directivieapproximates the legislation in Member States.

The aim of the directive is to protect human headthd the environment, and to encourage
environmentally sound recovery and disposal of watéctrical and electronic equipment.
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The directive includes a list of exemptions. Sonagérdous substances may be present in different
components of equipments used for lighting. Forregke:

— Lead in soldering alloys, electronic components] anglass,

— Cadmium in glass, and

— Mercury in discharge lamps (fluorescent lamps, higlessure sodium lamp etc.) (EC
2003a).

WEEE Directive

The second directive, WEEE, aims to prevent theggation of waste from electrical and electronic
equipment. It promotes the reuse, recycling anaotays of recovery of such waste to reduce the
disposal. The directive obliges producers to beoesible for the collection, treatment, recovery
and environmentally sound disposal of WEEE. It agplalso to lighting equipment in which the
following products are included:

— Luminaires for fluorescent lamps except luminairesouseholds,

— Straight (linear) fluorescent lamps,

— Compact fluorescent lamps,

— High intensity discharge lamps, including high mee sodium lamps and metal halide
lamps,

— Low pressure sodium lamps, and

— Other lighting or equipment for the purpose of sgi;g or controlling light except filament
bulbs (EC 2003b).

Ballasts are not explicitly mentioned. In the commoase where luminaires are equipped with

ballasts, the ballasts are considered as part @fiuminaire. There is a trend to consider separate
ballasts also as products under WEEE directBare LEDs are not included in the directives as

lamps. However, when LEDs are equipped with refiegtlenses, they are considered as luminaires
and then as products under the scope of WEEE dwect

Example: the lamps case

In the following, material composition, and dispbghase and recycling techniques of lamps will
be discussed.

Material composition of lamps
Lamps are made of components which can be grouped a

— lamp structure (lamp envelope, metal support padp)

— electrical parts (electrodes, filaments, wiringllast)

— lamp envelope additives (inert gas, getter, emittarercury, sodium, metal-halides,
fluorescent powder)

The component materials are selected for their dbahor physical properties for optimal light
emission properties. The average material compmositif lamps is described in Table 4-4. HID
lamp group includes many different lamp types. Métalide lamps (MH) are selected to represent
indoor applications and high-pressure sodium (HRBhps are selected to represent outdoor
applications.
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Table 4-4. Material composition of typical lamp representatv@&LC 2009a).

Lamp Group Example Weight [g]
Total Glass Metals Electronics | Plastics rest

GLS 60W 33 30 3 - -- 0.01
Halogen 35W 2.5 2 0.5 -- -- 0.01
Fluorescent 36W 120 115 3 -- -- 2
CFL- 11W 120 65 4 25 25 1
integrated
CFL-non- 13w 55 40 3 - 10 2
integrated
HID MHL400W | 240 195 42 - - 3

HPS150W | 150 105 44.5 - - 0.05

The rest are the lamp envelope additives includehgctrodes, capping paste and ceramic parts
(ELC 2009a).

Disposal Phase of lamps

The main goals of lamp recycling are the recovefythee mercury and the neutralisation of the
sodium metal. Gas discharge lamps contain mercwhgreas incandescent lamps are free from
mercury and other environmental sensitive substandgecycling of glass and metal from

incandescent lamps is not a common practise asibt economically feasible.

Recycling techniques for fluorescent lamps

Basically, two types of techniques are utilized fecycling of fluorescent lamps. One technique is
known as end cut, a process by which both endshefftuorescent tube are removed before the
materials are separated and processed to a highy guoduct. The other technique is known as
shredder (crush and sieve). It crushes the completduct and the various ingredients are separated
and processed after crushing. All the recoveredenas can be re-used in different types of
applications. Table 4-5 shows an overview of thetenal components and their outlet channels.
The lamp manufacturers buy many fractions of theokeered materials. They use these material
fractions to substitute for the virgin material atids last process closes the life cycle loop (ELC,
2009Db).

Table 4-5. Overview of recovered materials and their custon{&isC 2009b)

Materials Customer

Glass Lamp industry
Glass industry
Glass bricks/concrete bricks

Metal Lamp industry
Alu-cap Controlled landfill
Brass

Fluorescent powder, glass powder
(mercury containing or mercury-free)

Mercury after distillation Mercury industry
Lamp industry

General considerations on disposal phase for thedl user

The RoHS and WEEE directives are important not anlyerms of environmental issues, but also
in the life cycle analysis (LCA) framework. Althohgstudies have shown that the main
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environmental impact of lighting equipment occursiridg their useful life time (energy
consumption during operation), the disposal phasstill to be correctly taken into account. With
the progressive shift from incandescent lamps tergy efficient lamps, it is important to consider
proper disposal of these energy efficient light sms containing environmentally sensitive
substances like heavy metals.

The manufacturers are responsible for the procassg production. The consumer of the products
should also be involved actively in the disposabgess to reduce the harmful effects of the
environmentally sensitive substances. This willhede end users get the maximum benefit of the
products. In practice, there are at least two int@atr aspects:
— Procedures, infrastructures, availability of phyditools (containers for collection of burned
out lamps)
— Knowledge and consciousness of the various type®onsumers (building energy managers,
technical officers).

The practical adoption of the WEEE directive is pnogress, but the situation is different in the
different Member States.

4.3.6 Notes

Dedicated legislation on lighting design is unaghike. Requests in this context are made by various
stakeholders to deal properly with energy savingdighting installations. Also a complementary
legislation on installation phase is advisable.

A very important consequence of the legislationthe driving effect on the market trends. For
example, the Energy Label helps consumers to chéleseaight product by showing the energy
efficiency of different products on a common scaléhe Ecodesign regulations, establishing
minimum requirement for products and putting thge®ducts on the market, will in practice
progressively ban a number of less efficient pradud@hese regulations, in turn, will provide the
buyers with comprehensive product information, hedpthem to select the most appropriate
products.

It is important to highlight that the full processf developing a regulation involves intensive
discussion with stakeholders and interested pattiegiarantee that the regulation will be effective
and the objectives are really achievable. For eXdam@a sufficient timeframe is given to
manufacturers to redesign their products, cost iktgafor consumers and manufacturers
(particularly small and medium enterprises) arestaknito account, and particular emphasis is given
for market surveillance and conformity assessment.

4.3.7 Review of standards on electric and electromagnet8pects
IEC standard

The harmonic emission limits for lighting equipmentere at first specified in the standard IEC
1000-3-2, entitled "Harmonic limits for low voltaggpparatus <16A" in which lighting equipment
is defined axlass Cequipment (IEC, 2005). The International Electatteical Commission (IEC)
sets forth the limits for harmonics in the curresft small single-phase or three-phase loads (less
than 16 A current per phase) in Electromagnetic patibility (EMC)-Part 3-2: Limits for harmonic
current emissiongfrom IEC 61000-3-2). The last edition of this stird is IEC 61000-3-2 Ed. 3.0

b: 2005.
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CENELEC standard

The text of the IEC standard was approved by CENEL&S European Standard EN 61000-3-2
“Limits for harmonic current emissions (equipmemiput current up to and including 16A per
phase)”. IEC standard describes a total harmorstodiion (THD) for current of less than 33% and
a power factor (PF) of more than 0.95 for lightiegluipment. No limits apply for lamps with
integrated ballasts, dimmers, and so-called semitharies with an active power of less than 25W.
In practice, this means that there are still no &stan limits for integral compact fluorescent lamps
Equipment that draws current between 16A and 75Aptese is covered by IEC/TS 61000-3-12.
Harmonics measurement and evaluation methods ftir ftandards are governed by IEC 61000-4-
7.

European Union EMC Directive

The EU Electromagnetic Compatibility (EMC) Directivalso deals with harmonic emission levels.
The European EMC Directive does not specify emigsavels, as it is rather general. For lighting
equipment, manufacturers must show that they comjitly the EMC Directive by giving reference
to other standards which are listed in the EU'sotdf journals.

ANSI/IEEE standards

The US standards do not specify any emission linhais equipment. IEEE Standard 519-1992
"Recommended Practices and Requirements for HaenGontrol in Electrical Power Systems”
only provides the guidelines for permissible injeas of harmonic currents from individual
customers (including only for lighting) into the wer system (IEEE, 1992). The IEEE Single Phase
Harmonics Task Force (P1495) is developing a stethdlar single phase loads of less than 40 A.
There is, however, still no agreement on what stlictits should be, or whether limits are even
needed. Most of the ongoing works by the IEEE reljag harmonic standards development has
shifted to modifying the Standard 519-1992 (McGrgiman 2001).

IEEE Standard 519-1992 provides recommended lifoitharmonic levels at the point of common
coupling (PCC) between the customer and the powstesn (the location from where other
customers could be supplied). The recommended gelthstortion limit for the PCC is 5% for the
total harmonic distortion (TH[) and 3% for individual harmonics. The task forcenking on the
revision to Standard 519 is considering higher tsriior the interiors of the facility and making
these limits frequency-dependent. The limits spediin IEC for low-voltage systems allow THD
of 8% and include limits for individual harmonic sgponents, which decrease with frequency.

The harmonic filter working group, which is part tifie capacitor subcommittee, has completed a
harmonic filter design guide known as IEEE Standds31 (IEEE, 2003). A number of differences
between European and US power systems (IEEE 208fest that any harmonic limits for the US
should be different from the IEC standard. The Ewgan system uses no neutral on overhead
medium voltage distribution and a cable sheathtiierunderground portion, and they use delta wye
transformers to step down the voltage to 400/23@\¥ a result, it is less susceptible to tripled €3,

9 etc.) harmonic distortion than the US system. Hueopean system includes extensive 400/230 V
secondary distribution, creating higher-impedantityidistribution than the US system. The US
system has higher secondary impedance beyond tim gocommon coupling, however, because
of smaller distribution transformers used.
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Harmonic Currents Limits
European Standards

The International Electrotechnical Commission (IE@dopted a philosophy of obliging
manufacturers to limit their products consumptiohaoirrent harmonics in their standard IEC
61000-3-2 (IEC 2005). This standard applies tosatigle-phase and three-phase loads rated at less
than 16 A current per phase. The standard class#iectrical loads as shown in Table 4-6. The
standard as originally published used the classiifons on the left side of the table, with the sipéc
waveform defined in Figure 4-8. The special waveiois the limiting envelope for the current
waveform. The current has to fall within this wawef for each half cycle 95% of the time. After
negotiations with manufacturers who opposed to timaits, Amendment Al4, with its
classifications on the right side of the Table 4af3s published. The manufacturers had three years
time by which they could use either of the setsctafssifications (IAEEL 1995, Fenical 2000). The
amendment A14 has been in force since Janudn2d04. The harmonic current limits are for
individual harmonics, and do not specify total hamit distortion (THD). These limits are given in
Table 4-7 and Table 4-8.

Table 4-6.EN 61000-3-2 equipment (lighting) classification.

Classifications (original) Amendment A14 Classifications

Class A: Balanced 3 phase equipments, single | Class A: Balanced 3 phase equipments,
phase equipment not in other classes. household appliances excluding equipment
identified as class D, tools (except portable),
dimmers for incandescent lamps (but not other
lighting equipment), and audio equipment,
anything not otherwise classified.

Class C: Lighting equipment over 25 W. Class C: All lighting equipment except
incandescent lamp dimmers.

Another important clarification in the version ofoMember 2005 is that the current harmonics
measurement must be done on the line conductorrexicbn the neutral conductor (IEC, 2005).
However, for single phase applications this candbee on the neutral conductor but not in three-
phase applications where the values can differiBgantly if the EUT is not balanced.
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Figure 4-8. Limiting envelope for the current waveform.

Table 4-7.Harmonics limit for Class A equipment (IEC 2005,idih 2006).

Harmonic order Maximum permissible
n harmonic current (A)
Odd harmonics

3 2.30
5 1.14
7 0.77
9 0.40
11 0.33
13 0.21
n <39 2.25/n
Even harmonics

2 1.08
4 0.43
6 0.3

8< n <40 1.84/n

Table 4-8.Harmonics limit for Class C equipme@liEC 2005,Abidin 2006).

Harmonic order Maximum permissible
n harmonic current
(% of fundamental)
2
30 x circuit power factor
10
7
5
3

S O~NOWN

IA
w
©

American Recommendations

IEEE has drafted a guide to limit harmonic curr@ansumption by single-phase loads rated less
than 600 V and 40 A (Pacificorp 1998, IEEE 1992hig draft guide divides the loads into two
classes. They are listed below:

1. “Higher wattage nonlinear loads like heat pumps a8d battery chargers as well as large
concentrations of lower wattage devices like comrepworkstations and electronic ballasts found
in typical commercial offices and businesses (Regip 1998). The recommended maximum
levels of current distortion allowed for these Isadre shown in Table 4-9. The guide also
suggests a minimum power factor of 0.95 for thehhwgattage loads. Maximum THs 15% and
Maximum 3% harmonic current is 10%.
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2. “Lower wattage nonlinear loads not concentrated iaraall area (Pacificorp 1998) Table 4-9
shows the recommended limits. For these loads mawinTHD, is 30% and maximum '3
harmonic current is 20%.

Table 4-9.Recommended Full-Load Harmonic Current Limits fouipment.

Equipment Limit (% THD;
for current)

All lighting, motor drives, and other equipment
sharing a common electrical bus or panel with 15
sensitive electronic loads

All fluorescent lighting, including compact
fluorescent

30

Electrical devices, such as computers and fluongistighting systems, can send harmonic wave
forms at many frequencies back onto the power syppé, thereby distorting the waveform of the
supply current. For 4 feet long lamps, the Americllational Standards Institute (ANSI)
recommends a THOimit of 32% but some electric utilities only prade financial incentives for
ballasts that produce THf less than 20%. Ballasts that produce THiD less than 10% are
available for installations with critical power remements (Lightcorp 2009).

Fluorescent — electronic ballasts shall comply wita following ratings (Indiana 2006).

— minimum power factor 98%
— maximum THD 20%
— maximum & harmonic distortion 10%

The electronic ballasts also are to comply with tH@éC (Federal Communications Commission)
Regulations, Part 15, and Subpart J for electroretiginterference.

4.4 Examples of lighting related energy programs

44.1 ENERGY STAR

The ENERGY STAR program was initiated in the US thas now spread globally, works with
manufacturers, national and regional retailersessad local governments, and utilities to estdblis
energy efficiency criteria, label products, and e the manufacture and use of ENERGY STAR
products. ENERGY STAR products include clothes vash refrigerators/freezers, dishwashers,
room air-conditioners, windows, doors and skylighesidential water heaters, compact fluorescent
lamps, and solid state lighting luminaires. In 200& ENERGY STAR program lowered the total
energy consumption of t he year by almost 5%. Ore tENERGY STAR webpage
(www.enenrgystar.gov) there is information about ffroducts that have qualified to achieve the
ENERGY STAR. For instance for CFLs there is list mfoducts with wattage, light output, lamp
life, color temperature, and model type. To quakipare CFL lamp efficacy should be at least 50
Im/W, if the lamp power is less than 10 W, 55 Im/¥0 W < lamp power < 15 W and 65 Im/W
when lamp power is more than or equal to 15 W. Dethspecifications are given for e.g. color
quality (CRI> 80), starting and run-up time, and power factoheTlamp life is considered with
rapid cycle stress test and lumen maintenance dusurning hours (ENERGY STAR 2008). For
CFLs, the ENERGY STAR webpages provide a buyersiguind information on how they work,
their recycling, and the amount of mercury.

85



4 LIGHTING AND ENERGY STANDARDS AND CODES

4.4.2  Top Runner program

The Top Runner program was created in Japan asuateomeasure for the increase of energy
consumption on residential, commercial and trantgimn sectors. The program is incorporated in
the Japanese legislation for energy conservatind,raquires manufacturers to improve the energy
performance of their machinery and equipment. Fexanegples of the products involved are
fluorescent lamps, computers, freezers, refrigesafbVvs, VCRs.

Expectations regarding the role of energy consémmadre increasing due to global environmental
problems. Therefore, the requirements for improvihg energy efficiency of machinery and
equipment as much as possible are now a realitg. Tdp Runner program has come into existence
in light of this situation. The Top Runner programes, as a base value, the value of the product
with the highest energy efficiency on the marketla time of the standard establishment process
and sets standard values by considering potergiirtological improvements added as efficiency
improvements. Naturally, target standard valuesateemely high.

For target achievement evaluation, manufacturerse ita make sure that the weighted average
value meets or exceeds the target standard valide\this system gives manufacturers substantial
technological and economic burdens, the industigusth conduct substantial prior negotiations on
possibility of achieving standard values and adsgdes promotion measures for products that have
achieved target values.

With fluorescent lamps, target fiscal year was iflétl in FY 2005, the total luminous efficacy

(Im/W) was improved by approximately 35.7% from FO97. It was initially assumed that the
improvement rate was approximately 16.6% (Top Rur2g8).
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