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Disclaimer Theauthor and IEA 4E Solid State Lighting Annex have made their best endeavours to
ensure the accuracy and reliability of the data used herein, however neither they nor the IEA 4E
Implementing Agreement make warranties as to the accuracy of data herein oeptaany liability for

any action taken or decision made based on the contents of this refaathermore, itshould be noted

that this report is issued as advice for governments and does not necessarily reflect the views or policies
of the governments who are part of the SSL Anfiéxsreport doesnot mention the lamp brandsro
modelsassociated with the measudedata or analysigReported results are indicative because they are
represented byaverages of¢6 lamps (often the sameodellampbut a different unittested in

different laboratorieg. Product photographs are included stricftyr clarity and easy ofnderstanding

and are not necessarily related to the data presentidhall be noted that in no way does the mention

of these brands or models constitute an endorsement by the IEA 4E, the IEA 4E SSL Annex or any of the
member governments.

About the IEAME Solid State Lighting Annex

¢KS {{[ !'YYySE ¢6la SaidGlotAaKSR Ay wnmn dzy RSNJ G KS
Energy Efficient Endse Equipment (4E) Implementing Agreement to provide advice to its member
countries seeking to implement quliassurance programmes for SSL lighting. This international
collaborationwas established bthe governments of Australia, Denmark, France, Japan, The
Netherlandsthe Republic of Korea, Sweden, United Kingdom thiedJnited States of America. China
worksas an expert member of the 4E SSL Annex. Further information on the 4E SSL Annex is available
from: http://ssl.iea-4e.org/

About the IEA Implementing Agreement on Energy Efficient £is® Equipment (4E)

4E is an International Energy Agency (IEA) Implementing Agreement established in 2008 to support
governments to formulate effective policies that increase production and trade in efficient electrical
end-use equipment. Globally, electrical equipment is afi¢he largest and most rapidly expanding

areas of energy consumption which poses considerable challenges in terms of economic development,
environmental protection and energy security. As the international trade in appliances grows, many of
the reputablemultilateral organisations have highlighted the role of international cooperation and the
exchange of information on energy efficiency as crucial in providingeffesttive solutions to climate
change. Twelve countries have joined together to form 4& fasum to cooperate on a mixture of

technical and policy issues focused on increasing the efficiency of electrical equipment. But 4E is more
than a forum for sharing informatioqit initiates projects designed to meet the policy needs of
participants. Peicipants find that pooling of resources is not only an efficient use of available funds, but
results in outcomes which are far more comprehensive and authoritative. The main collaborative
research and development activities under 4E include:

TheElectic Motor System#&nnex(EMSA)
TheMapping and Benchmarkingnnex

TheSolid State Lightingnnex(SSL)

TheElectronic Devices and Networkanex (EDNA)

= =4 =4 =9

Current members of 4E are: Australia, Austria, Canada, Denmark, France, JaparmH&ietherlands,
Switzerland, Sweden, UK and UBéther information on the 4E Implementing Agreement is available
from: www.iea4e.org
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Executive Summary

Smart LE@QLight Emitting Dioddamps. 2 NJ Y2 NB O2YY2yf dareaAYLIX & aay
appeaingmore andmore in(i 2 R & Q amarkek. Arese layid provide opportunity for

the consumeto benefit fromsmart services, better product quality and energy savimgs.

F20dza 2F (KA A& NBLIZ2 NI thasdlanipgn tdrnds didéichergy npactwa Y I NI y
utilisingi KS WaYlI NI Q FdzyOlAz2ya

Smart lamps combine technology breakthroughs in wireless communications andrbEies.
arefour different categories of smart lampdentified: 1) Domestic useifocused features
wireless cabur tuning,dimming, integrated audio speaker, etc., Pata delivery- connectivity
enabling lamp®.g, with activation of serviceand/or securitymonitoring, 3) Professional
featuresg e.g.maintaining a constant flux over life timand4) Economisingamps- including
sensors and controls in order to optimise and sanergy.

Currently, smart lamps fall exclu“sively into one of the above four categories; however in the
FdzidzZNB > A0Qa SELISOGSR GKIFG &Yl téfouf datagbis. YI & Ay
In this report, he focusand measurements aren the first category ofampsbut a lot of the

analysisalsocovers smart lamps including data delivery features.

Wireless lamp feature.g.,colourtuning, dimminggradually chanigg betweenlighting
scenesover timg connectivity etc.) implies tlat smartlamps consume energyhenevermains
power isswitchedon, even when they are ngtroviding lighting butvaiting (i.e., monitoringin
standby) for an instruction from a&ontrol device like asmartphoneor remote control unit
And, smart lamp systemdten alsorequirea separate energy consuming gatevasyicefor
translating the communication signal between the control device thedamps.

The first indicative measurementofn Australia, Europe andSA showthat the standby

functionscanRNJ A G A OF £ £ & Ay ONB I & Sandddépéndifglorthedily hard G | £ S\
of operation the standby energyconsumptioncanevenbe larger than the energy used for

providing lightingln the future,householdgotentiallymay havedozens of wirelessly
controlledsmartlamps irstalled which together coul@ontribute to veryhighstandbyenergy

consumption

Therefoe, the IEA 4E SSL Annex launched a study on the energy performance of smart wireless
lighting. Examination of the lamps as well as the communication protocols and gateways
provides an evidence base for makpglicyrecommendations to governments.

Indicative measurements collected from laboratories in the countries participating i $he
Annex show a very large variationthe standbypower consumption from 0.15 to 2.79/. This
findingindicatesthat design improvements smart lamps are possibl

For smart lamps providingetween200and 1000lumens of light the standbyenergy
consumptionrepresentson averages1 % of the consumption when the lamps are use
hour perday and 3%6 when the lamps are usédo hours per dayThis range adiveragedaily
operating hours isypical ofthe domestic sectoin the IEA 4E SSL Annex member countries
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For smart lampgrovidingbetween 200and 1000umens of lightthe efficacy varied from 34

to 87 Im/W (averages4 Im/W). However, vinen the lamp is usedne hour per day, theverall
efficacy variedfrom 9to 51Im/W (average 30m/W) where afew smartlampshad an overall
efficacybelow that ofincandescent lamp&Vhen thenumber of operation hourss increased to
two hours per day, theverall efficacywaried from 16to 64 IMAWW (average 40m/W). This is

still lowcompared to norsmartLED lampdue to the additional electrongassociated with the
WA Yl NI y S aeécassabgsiamiby inkdgpower consumptiorwhen they are off.

In addition to the standby consumption in the smart lamps, many systems also use a wireless
gateway to facilitate communication with smart lamps in a given space. This gateway, which
adds additional energy consumption, can typicallyoaesmodate up to 5Gmart lamps. If the
consumers use different brands of lamps, more than one gateway may be required.

Manufacturers are adding more and more services and features to smart lighting systems, and
sometimes it may be worth considering whethbat service or feature could be provided in a
more energy efficient and/or better quality way using another device or system.

In the future, theremaybe dozens of wirelessly controllsthartlamps ineveryhome, which
taken together could result imery high standbypower consumption The IEA 4E SSL Anigex
working toraiseawareness oftandbyenergyconsumption and haissueda press release
(http://ssl.iea-4e.org/news/smarilighting)andgivena number of presentations at
conferences, seminars and workshapsthis topic[ref. 3, 4, 5, 6 and7]. In raising awareness
on this important topi¢cmanufacturerswill be encouragetio makedesign improvementthat
lower the standbypower consumptionassociated witlsmart lighting.

The SSL Annex is also concerned aboulatle of hnteroperabilitybetween different
manufacturesQlighting productswhich could represerd barrier for large scale use of smart
lightingparticularly in residetial situations.The producteing developedincluding smart
lamps, gateways, luminaires, controls, meters and management systems (softeraiep rely
on proprietary hardware and softwarén the home, smart lampoenmunicationis performed
by a number of wireless protocoldowever, even where communicatiaises thesame
protocol for different products, the user may still have to use different software applications
(apps) to control each product. Thak of interoperabilitymay result inthe user being
restricted topurchasingall products from a single manufacturerorder toensurecompdibi-
lity and easynanagement With the evolution of technology, features and softwareer time,
even users relying on one manufactureay have to make decision toeither start over or live
with an existing, increasingly unsuitable or outdated smart lighting system.

Other standards/protocols are used in building automation systems for commercial buildings.
Efforts to bring more standdisation and interoperability to the market are underway within
YIydzZFl OGdINBENEQ fftAlFyOSa YR AYUSNYlFGA2YI €
organised around each communication protocol.

! Efficacy is theatio of light output (lumens) of a lampverthe power input (watts)NB LJ2 NJuSéhs geywatlt 0 f.Y K 2 0
2Ly (KAA NBQRABEITERQBOE S NYI § ShourteBangeNddriodeBectitezeffitacy Haking into
account the energyansumed inON-mode andSTANDBYhode. See definition in theectiondKey terms used in the repdrt

Pagev

ax


http://ssl.iea-4e.org/news/smart-lighting)

IEA 4E SSL Annex Task 7Smart Lighting; First Status Report

Table of Contents

EXECUTIVE SUMMARLY. ...ttt et et e e e e et e e s eer e e e e et e e e e aat e e e e e taa e e s emreeeeatanseesaanaeeentanaeesannaaes \Y]
O VI =@ ] 1 L 1 [ ] 2
2 KEY TERMS USED INETRHEPORT ... .ottt ettt ettt e e e e e s et e e e st e e e seaae e e s e bassmre b e eseaans 4
2.1 DEFINITION GREYTERMS ... otuiiiitiee it ee et e et e e e ettt e ettt e e et e e et e e eat e e e eaa e s staneessanaesannsassnnneeerneeesnnnened 4
2.2 (O = W == = To7Y 0 2SR 6
2.3 COMMUNICATIONPROTOCOLS. ..tuueeiiti ettt e e ettt e ae ettt e e et e eeetaeeeeaa e e et reetaaeeetaesasanrastanaeennnsersnnaasstnaaeesnnaaes 8
2.3.1 LAY PR 8
2.3.2 8] PR 3
2.3.3 = o T 1 i PP PTRPTSN 9
2.3.4 4] =] = =PSRRIt 9
2.35 ZAWAVE ....ccee ettt et e et e e ettt e et e e et ee ittt eeetaaeeeteeeetaeeeataetttaaeeet e eraneaeranaaaatans 9
2.3.6 BLOWWP AN . ...ttt ettt e e ettt e e e e eet e e e e e e e st eeee e e s st s aesessban s aeeseessbansaeesenbananeeees 10
2.3.7 N T = 2 = 1 7R 10

2.4 FOURTYPES OBOMMUNICATIOMRCHITECTURE ....uuiittieeeitteeetieeetueeeatneeeasneestnneesstneaesnnessnnaeessneasennsares 11
24.1 COMMUNICATIORRCHITECTUREPEA ..ottt et ettt s e e ettt e e e e et e e e e e e e ta s e e e eeeta s e e e e eetraeeeeeaetannns 11
2.4.2 COMMUNICATIORRCHITECTUREPEB. .....uuciiitieieieee et e et e e et e et e e e et e e e eae e s st e e e eaa e e esan e e s et eeeaaaes 12
2.4.3 COMMUNICATIORRCHITECTUREPEC. .....u i eeeiteeeteee et e e et e e este e e et e e eaa e e ssaaesssteeeeaa e e ssnnaessraeeraanns 12
244 COMMUNICATIORRCHITECTUREPED ..ottt eeii et e et e et e e et e e et e e e e e e et e e e abe e e e et e e et e eeannes 13

3 PRODUCT INFORMATION. . ...ctui ettt it e ettt e e e st e e e e e bt ime et s e e s saaeeese st eesssasmestanseessstnaeesssaanns 14
4  METHDDOLOGY FOR SMARMBATESTING......ouiiiiiiiiiiiiiie ettt e e e e amie e e e e abn e e e e ana e e e eerans 16
4.1 PRODUCTEAMPLING. ... it ee et et e e e e e e ettt e e eat e e et e e e et e s et e e e taaaetaeessanesstnaaessnseesnnnaaees 16
4.2  LABORATORY AKENVIRONMENTAIONDITIONS. ... eetittttieeeeeteettueeeeeesstieeeessettnaeeeeesstaeeessstnnaeeeesssnnnaenes 16
4.3 CONFIGURATION FOBST .utuuueeetrtttuneeesessntaseeessstunaeeeessstaaaeseetansreesssstnaeeseessnneeessstnnaeeseessinnreesenes 16
R © =] =1 ¥y 1 ] SN 16
4.5 B ECTRICAESTOONDITIONS. .. cetu ettt eeeeie ettt e e e ettt e ettt e et et e e e et ee e st eeeaa e eeetn e e eaaneesstnaasstnaeeeaneeesnaeeesnnns 16
4.6 S =TI ST [ N PSP 17
4.7 MEASURMENTPERIOD. .. ..ceuuiiiteeeitieeette e e et ee et ee e et e e e et ee e s eeeaanses st e eesasaesannastnnaasannsassnnaeestnaaeesnnnees 17
4.8 B ECTRICAAEASUREMENEDUIPMENT . ... ituittiitett ettt esaes st esanessasesasstasean s saesnsetsesanessneraestnsannessnennns 17
4.9  STANDBNOWERMEASUREMENTS......ccttuieteetttttiieeeetttnaeeeseesttnaeesestsnaeeesssstaeeersrrnaeesssstanieeeeesnne, 17
4,10 GATEWAPOWERMEASUREMENTS .uuuuieiititttieieeteettuieeeeessttteeseestanasesrasatseeseestnieeesessstinreesesstaniereeees 17
4. 11 ONMEASUREMENTS. .ottt ieittteeeteee et et et ee e e e e st e e e eaa e e e e ee e st e eeaaeeesaneee et e eetnseesnnesetaeerstnseesnneessnns 18
4.11.1 LAMPS WITHADJIUSTABIEBDLOUREMPERATURE. .. .cevtiiiiie et ee et e et e e et e e e e e e e e e et e e eaaeeeeaneeeeeas 18
4.11.2  DIMMABLELAMPS . ..ottt ee ettt e e e et e e ettt e e e et eee et e e e at e e e et e e et e e et e e eaaeeeaaaeeetaeenaanaes 19
4.11.3  MEASUREMENTS. .. .citttiiitt ettt e e et e et e e et e e e eet e e e et e e e et e e eaa e esaa e eeta e e eanes et eeetaaeestnessnnaeeeranns 19

5 RESULTS OF PRELINRMAMART LAMP TESTIUN.....couiiiiiiiieie et eeaae e e eee 21
.1 STABILISATION. ... ettitttie et eeteettt e eeeeesataaaeeses sttt eeeeesstaaaessssaanaeessssstnnsaasessannsaeeesssannnseesssstanreeeerssnnnnss 21
5.2 GATEWAYPOWERTONSUMPTION. . .uuuuueeettetttnteeteessuneeeesssstnntaeesesssuneesesssnneeesssssnnaeessestnnieeessessanieeeeees 22
53 LUMINOUSHUX ANBDOLOURI EMPERATURE . ...cvuuteiite e eeetieee et eeesteeeean e e st eesateeesaasessanaeeetneeeasnseeraneeerens 22
5.4 STANDBYPOWERCONSUMPTION. ....ceettueeetuneteteeeeaneeesseessseseeaneeeaansssanseessneeesaneseraeeesrsersnnsereraeeernnns 23
55 ENERGYONSUMPTION FARIARTLAMPSPROVIDIN@OOGLOOOLM. ..cvvviiieeieeiiiie et e e e e e e e e e e 25
5.6 ENERGYONSUMPTION FAXECORATIOBMARTLAMPSPROVIDINGOGCTS LM .uvuuiieeiieiiiieeeeeeeie e e e e e e e 26
5.7 EFFICACY FARIARTLAMPPROVIDIN@OOCLOOOLM...cuuuieiiiieiii et e et e et e e e e e et e e e e e e et e e eaaaeeeenneaees 27
5.8 EFFICACY FIIECORATIORMARTLAMPSPROVIDINGOC 75 LM...cvuniiiiiieeei et e et e et e et e e e e e e e e ee 28
5.9 1D K@ TN I Y= 29

6 LARGE MARKET POTRIMTL . ..ottt e e e e e e e e e e e et rme et e e e s aete s e e e st e e e e ssnmretan s eesansnnaeeenns 30
7 THE CHALLENGE FORIBO MAKERS.. ..ot ittt e e e et e e et e e e e et s emra s 32




IEA 4E SSL Annex Task 7Smart Lighting; First Status Report

7.1 METHODOLOGY FORARTLAMP TESTING. .. ittiittiittiettieitieetieetteest st s st esateestesb sttt saneasntesbsetnsrsnessnsasnnns 32
7.2 MAXIMUMST AND B POWE RIMIT S, e ettt tttttttteetnetateestsstesaessseessestasesnstsssesssstnsrsnsssnsessestresessssersnestnrees 32
7.3 RATED PERFORMANCE B RRTLAMP S .1 ittt ittt et et eea e e b st e s aa e e st e et e ean s st aeanestaees 33
A I O Y/ = = I = = =i 0\ o 7S 33
T = | o N[O 0 TR 34

List of Tables
Table 1. DefinitioNS Of KEY TEIMMIS........uuiiiiii ittt e e e e e 4
Table 2. Product information t0 re€CALA...........oviiiiiieiiee e 14
Table 3. Nominal CCTs and associated X,y centre points for SSL products (ANSRG¥8)377..18
Table 4. ON Measuremenfsombinations of CCTs and lighting output) to be included in testirp

List of Figures

Figure 1Smart lamp examples from the domestic Services categary...........cccvveeerrriiineeeeeennnnns 2
Figure 2. Example of variation in overall efficacy of thregV/l€mart &amps providing 700m with
different standby powers (1, 2 or\®) for all hours of ON usage per day..............cce..... 6
Figure 3. Relative overalffieacy forPstanogPonbeing 5, 10, 15, 20 Or ZB........cocvvvvveeeeeiiiiiiieenen. 7
Figure 4. Communications architecture Type A using WiFi, gateway and another protocal...11
Figure 5. Communications architecture Type B based on either WiFi or Bluetaath................ 12
Figure 6. Communications architecture Type C using WiFi and one lamp including gateway that
communicate to the other lamps using another protacal...........cccciiiieeii e, 12
Figure 7. Communications architecture Type D using a remote control and a proprietary proi@col
Figure 8. Examples of stabilisation measurements for luminous flux and power.................... 21
Figure 9. Nearly constant gateway consumption witfagying number of lamps in operation.....22
Figure 10. Two examples of measured total luminous flux as a function of. CCT..................... 23
Figure 11. Standby power consumption for smart [amps...........ccccoeoe s 23
Figure 12. Standby power consumption analggssoportion of models in each power hin......... 24
Figure 13. Annual energy consumption forstart lamps models in operationhbur/day............. 25
Figure 14. Annual energy consumption 27 smart lamps models in operationfdurs/day........... 25
Figure 15. Annual energy consumption fatécoration smart lamps iaperation 1hour/day......... 26

Figure 16. Annual energy consumption for 5 decoration smart lamps in operatioar@/day....... 26
Figure 17. ON efficacy and overall efficacy fos@art lamps models in operationhbur/day........ 27
Figure 18. ON efficacy and overall efficacy fos@art lamps models in operationtdurs/day......27

Figure 19. Efficacy fordecoration smart lamps in operationhbur/day............ccccceeeviiiiieneeennne 28
Figue 20. Efficacy for 8ecoration smart lamps in operationfdurs/day...............cccvveveeerniiiinnn. 28
Figure 21. Comparison of DimTone LED lamp al #i@andescent lamp.........ccccccovviiiiineeennnnne 29
Figure 22Sony multifunctional smart [UMINAILE. ..........ccoiieiiiiiiiiiee e e e 30

Pageuvi




IEA 4E SSL Annex Task 7Smart Lighting; First Status Report

4E
ANSI
CCT
CIE

CRI
DTU

EDNA
ECEEE
EMSA
GLS
IEA
IEC
LED
Im
RGB
SSL
UK
USA

Acronyms and Abbreviations

Energy Efficient Erdse Equipment

American National Standards Institute

Correlated Colour Temperature

Commission Internationale de I'Eclairg@@ternational Commission on
[llumination)

Colour Rendering Index

Danmarks Tekniske Universit@theTechnical Universitgf Denmark
Chromatic distance to planckian locus

Electronic Devices and Networks Annex

European Coundior an Energy Efficient Economy

Electric Motor Systems Annex

General Lighting Servi¢anon-directionalincandescent lamp
International Energy Agency

International Electrotechnical Commission

Light Emitting Diode

lumen

Red Green Blue (referring to colour mixicEgBDlamps)

Solid State Lighting

United Kingdom

United States of America

Watts
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1 Il ntroducti on

LED products offer a number of opportunities to bring nemart features to the lighting
market, enhancing the usegxperience and improving quality and servicegeneral, the smart
lighting products market breaks down intour categoriesof service

T Domestic The first group offersmartlampfeatures’ that are domestic usefocused
such as wireless colour tuning and dimming, programmed sessions where brightness
and colours change over tinand integrated audio speakefypically, a smartphone
app is used to control the lamps with network access and communication between the
lamps by wireless network interface such asRViBluetooth, Zigbee, and 6LoWPAN.

9 Data Delivery A second group of smart lamps are connectivitalding lamps
distributed throughout a premise to provide extended wireless range, security data,
data ofconsumer movements around a shop pogsiith activation oflocation
specificconsumer sarices, etcMonitoring and adjustment of such systemssossible
from anywhere in the world.

1 Professional Athird group of smart lampand luminairessaimed more at the
professional markeprovidingfeatures suctas prolonging the lif¢hroughactive
thermal control or regulation of the drive curreahd maintainng constantlux output
over time.

1 EconomisingA fourth group of smart lampand luminairesncludes sensors and other
controlsin order tooptimise the operationenergyand economysavingsThis group
includes smart street lighting that dind®wn when there is no traffic.

Including Bluetooth speaker
360 degree radiation

1017 Im
2700 — 8000 K

130 degree radiation

Control options with no battery
Powered by fingerpress (kinetic
eneray)

815 Im
2700 K
Only dimming

Scene settings: reading, TV, dinner, ...

Figure 1. Smart lamp examplefrom the domestic servicesategory

®In this report this category only includes smart lasytput smart luminaires are about to appear in the market.
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Currently, snart lamps falexclusivelynto one of the above four categorigsowever n the

A X s oA

future,A G Q& S E LsiBafl al§f8nayiirfcltdé a mix of features from the four categories.

In order to better understand smart lighting features and the energy use associated with these
features, the IEA 4E SSL Annex has launched this study on the energy performance of smart
lighting including lamps, communication protocols and gateways. The study is expected to
provide an evidence base for making policy recommendations to governments.

The IEAIESSL cooperatemnd is coordinating its wonkith the IEAMEEDNAThe paragraphs
below provide a description of the wodonducted bythe two annexes

| The IEA 4E Solid State Ligh8§).Annexincludes Task d¢ b S¢g TSI igdzZNEa A YL
[ 95 Sy SNHe& 02y adzy LEmarglgpabrodgkldbdrataiyr a1 a G dzRA S
measurement®f standbypower and how the new smart features such as colour
GdzyF 6AftAGE YR RAYYAY3 FFSOG I LINRRAzOGQa&
standbyconsumption) efficacyand thelighting quality(luminous flux, colour
temperature, colour rendering, Wy etc.). More information about the 4E SSL Annex
work on Smart Lamps can be found fattp://ssl.iea-4e.org/product
performance/newproductfeatures

1 The IEA 4E Electronic Devices and Netsvdmnex (EDNAQcuses on alliifferent
types of networkconnected devicessome of whiclarelightingproducts EDNAS
workingto collect indicativenon-laboratory approximate measurement$ a wide
range of networkconnectedproducts including smatamps The workis being carried
out by semitechnical people in home, offi@ndretail environmens. EDNA aims to
ensure that such devices use electricity as efficiently as possible and will help align
government policies in this area. More Information the IEA 4E EDNA and its
programme of work can be found dittp://edna.iea-4e.org/

x

ThislEA 4E SAnnexreport focuses omlomesticsmart lighting(the first category listedbove)
with identification and measurement of energy consumption (sucktasdbypower)
associated with the new features incorporated irgmart SSL products

At present, there are no definitions of any efficiency based metrics that adequately capture
both the potertial functionality and standby modes of sm#mpsweighted by the number of

hours in the two modes. Thereis also no international or regional test methodology against which
to measure these metricand smart featuress part of a possible regulatiohhe US

Department of Energ(DOER has just finalised a test procedure for LED lamps [ref. 14] which
references IEC 62301 for the standby mode test metbhadtl this procedure desnot includea
calculation of the overall efficac¥nergy Star also has attesethod for measuring standby
mode consumption

Thisreport providesinitial guidanceon a draft laboratory tesing ofsmart lampsecommended
for useasefficiency based metriantil arecognsed test method or standard is published
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| Re g dhret

The primary focus ohis reportisthe domesticsectorincluding use o$mart lamg with
wirelessfeatures such asolour tuning dmming, lighting scenesprogrammedlighting scenes
where brightness plusolours change over timetreamingof music played by speaker
embedded with the produgtetc.

2.1 Definition of Key Terms

Below is defined the key terms used in this report.

Tablel. Definitions of key terms

Subject

Key Term

Definition

Smartness

Smart
lamp

Alamp that can be controlled via a wireless signal using a sphate, remote
control unit or other device.

Some smart lamp products are part of a dedicated home automation systen
including many appliances and an integrated energy management system.

Four
categories
of smart
products

1. Domesticg smart lamps offering @mestic useifocused services such as
dimming, colour tunability, mood setting and integrated speaker for
streaming music;

2. Data Delivery, connectivity enabling lamps distributdtiroughout a
premise to provide extended wireless range, security data, consumers
movements around a shop

3. Professionat smart lamps and luminaires for the professional market
offering features such as prolonging life, thermal control and constant
flux;

4. Economising; smart lamps and luminaires that incorporate energy saving
features including sensors and controls.

Actual smart lamps typically fall into one of the above four categories. In thg
future, smart lamps might include a mix of features from therfoategories;
some lamps already do that.

Communication

User
interface

The communication device through which a user controls smart lamps, typi
via an app on a smart phone or a remote control.

Userlink

Wireless communication network between tlser interface and the gateway,
e.g. using protocols such as WiFi or Bluetooth.

Gateway

A device facilitatingommunication between the user interface andtai
smart lamps as well as between the smart lamps. A gateway is typically hoy
in aseparate enclosure supplied by mains power, but it can also be containg
within one of the lamps. In situations where the lamp communicates by use
the general wireless communication, e.g. Bluetooth (provided by sptavhes)
or WiFi (provided by a rout there will not be a separate gateway.

Lamplink

Wireless communications network used as an interface to the lamps and
between the lamps. Some lamps use the same network as for the user link
the protocols WiFi or Bluetooth while other lamps usgadéeway to in order to
shift to use ofprotocols withlower bandwidth and lower energy consumption
such as Zigbeey#ave or 6LoWPAN
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Subject

Key Term

Definition

Protocol

A wirelessnetwork communication protocol facilitates the transmission of dat
between components of a smart lighting systebefinitions andnformation
about the communication protocols WiFi, LiFi, Bluetooth, Zighee& and
6LOWPANire included in part 2.and 2.4of this report

Power
consumption

ON

Mode where the lamp is producing light in a default state without any dimmi
The energy consumption for this mode is defined by the power consumptior
the rated luminous flux. Furthermore, the magnitude of the fluxl ahe power
consumption are dependent on the selected CCT and this parameter is typi
not specified for the rated valudsy the manufacturer. For some lamps this
mode might also include fully integrated extra services as music from the la
where the® extra services may be difficult or impossible to switch off.

STANDBY

Mode where the lamp is connected to a mains power source and at least or
smart network function is activated. For lighti®TANDBMode occurs when
the lamp is turned OFF by thiser interface or dimmed to zero visible light bu
the lamp continues to use energy in order to be ready to receive the next
wireless communication from the user interface. Testing has established thg
lamps where the light can be switchetf by an OF button or dimmed to zero,
the STANDBower is the same.

Efficacy

Overall
Efficacy

The light output per unit power taking into consideration both the energy
consumed in ON plus in STANDBY. The overall time periad mmasimallybe
per day, but the acuracy impr@es with longer periods such as a week or a fu
year.

5 b 0l RO bl 0 6 & Q8 "QOENYQA Q
vo Rl O O QI YQa Q UE D QI oYQdQ

Relative
Overall
Efficacy

When the Overall Efficacy is divided by the efficacy for the ON ntloele,
Relative OverallHficacyis calculated as shown below
0.0, 01 @00 000

YQa @06 Q0 oda ﬁwawg,‘Q,‘QQ& 506

YQa Q
YQG4Q ———— ¢1 YQaQ

In case the power consumption is known for the ON mode and the STANDEH
mode, this formula can be used to calculate the Overall Efficacy fadumagion
of ONtime. Page 7providesan example on how to do this calculation.
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2.2 Overall efficacy

Figure2 givesan example ohow the overall efficacyariesfor a 10W smart lamp providing
700lm when the standby power is set toW, 2W or 3W and the ON hours are varied between

1 and 24hours. This example shows:

T

80

70

30

Overall Efficacy (Im/W)

20

10

With an ON time of hour/day, the overall efficacy is at the level of an
incandescent lamp for & and 3W standby power and halogen lamps fowl
standby power;

With an ON time of hours/day, the overall efficacy is tite level of a halogen
lamp for 3W standby power, and rises to approximately twice that of a
halogen lamp for W standby power;

With an ON time below ours/day, the overall efficacy of these smart lamps
with standby power 2V or 3W are all below the #ficacy of a CFL while the
similar limit is below 4ours/day for standby power W;

The ON period has to be greater thanHdurs/day (for 1W standbypower)
increasing to 1'hours/day (for 3V standbypower) before the overall efficacy
rises above thatfoa CFL.

When the ON time is 24 hours/day, the overall efficacy is naturally equal to the
ON efficacy of 70m/W.

— 1-Watt Standby
= J-Watt Standby
— 3-Watt Standby

sl i L
T e e
B
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Timegy,

Figure2. Example of variation in overall efficacy of three Y@ smart lamps providing
700Im with different standby powers (1, 2 or @) for all hours of ON usage per day
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Figure3 shows the Relative Overall Efficacy wiefanogPonrespectively is 5, 10, 15, 20 and
25% which covers the standby power range reported from then®dels tested which provide
200c1000lumens.

100%

90% %
80% / )//
70%
60% / /y Psranpey / Pon
/ /y ——5%
0% d —m—10%
4
0% —20%
st 259
30%

20%
/

10%

Relative Overall Efficacy

0%

T T T T T T T T T T T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Timegy

Figure3. Relative overall efficacyor PstanosiPonbeing 5, 10, 15, 20 or 2%

Figure3 can be used to calculate the overall efficacy in any situation vilgesogPonis 25%
or less. The procedure is:

1 MeasurePstanpsand Pon

1 CalculatePstanpgPon

1 Find the relatve overall efficacy in FiguBbased on the two valueRstanpgPonand
the hours per day when ON.

1 Multiply with the efficacy when ON.

Example: IPstanoePon= 10% and the lamp is ON farhour/day, then in Figur@ the curve
reveals the relative overall efficacy as%0 Thus with an efficacy when ON ofli@w, (similar
to the example lamp used in Figi2ethe overall efficacy of the lamp is effectivelyl&G¥W
(30% of 70m/W), whichis in agreement with Figur2
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2.3 CommunicationProtocols

This section of the report provides an overview of the most common wireless network
communication protocols used with smart lighting.

Section 2.4 describes the applicationcommunication protocd innetwork architectures.

2.3.1 WiFi

WiFicommunicationuses radio waves to provide higpeed Internet and network
communications between device®/iFi is a trademarketgrm that refers to the Institute for
Electrical and Electronic Engineers standard, IEEE 802.11x.

The characteristics for WiFi are:

Star network protocol
High data rate

Longdistanceoperatingrange

= =2 =2 =4

High power consumptioiicompared to the last three protocols in this section)

2.3.2 LiFi
LiFicommunication usebighfrequency LED light modulation (flickeringit a speed that the

~ A s oA =

The characteristics for Lifie:

Star network protocol
Very hgh data rate

Longdistanceoperatingrange

= =2 =4 =2

High power consumptioficompared to the last three protocols in this section)

LiFi is not used in any of tisenart lamps purchased and tested in Annex Member Country
lightinglaboratories

Many withind KS € A3KGAy3 Ay Rdza (G NE Oeguseitdigud A CA I a |
feature of LED lampand thevery high data ratéapproximately10o Gb/s). LiFi ixpected to be

a pivotal technologyn future development ofdata delivery byconnectivity enablingmart

lamps distributed throughout a premise to provide extended wireless range, security data, data

of consumer movements around a shiiopuseum/building activation of location specific

consumer services, etc. Moniiog and adjustment of such systems is possible from anywhere

in the world.
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2.3.3

Bluetooth

Bluetoothcommunicationusesshort-wavelength UHF radio waves (2042.485GHz) and
references the standartEEE 802.15.TheBluetoothprotocol ismanaged byBluetoothSIG.

The characteristics for Bluetooth are:

= =4 =4 =4

234

Star network protocol
High data rate
Shorterdistanceoperatingrange

Mediumpower consumption

Zighee

Zigbeesused in smart lightingappliancesand other productdhat involvewireless
communication The ZigBee protocad maintainedand developedy the ZigBee Alliance, which
IS an open, no#profit association of approximately 430embers.

The characteristics fdigbeeare:

= =2 =4 =4

2.3.5

Meshnetwork protocol
Lowdata rate
Shortdistanceoperatingrange

Lowpower consumption

Z-wave

TheZ-Waveprotocol operates in the sugigahertz frequency range, around 9IHzandis
designed with focus on low power consumption suitable for batigpgrated deviceandlow-
latency transmission of small datagkets at dataates up to 100bit/s. The ZWaveprotocol
Is managed by the-&aveAlliance whichis an open consortium of 375 companies

The characteristics for®ave are:
1

il
il
il

Mesh network protocol
Low data rate
Shortdistanceoperating range

Low power consumption
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2.3.6 6LOWPAN

6LOWPAN is an acronym of IPv6 (IP = Internet Protocol) over Low power Wireless Personal Area

Networks and references the standard IEEE 802.15he6LoWPANbrotocol is designed for
low-power devices with limitedlata processing capabilities

Thecharacteristics fo6LoWPAMNre:

Mesh network protocol
Low data rate

Shortdistanceoperating range

= =2 =2 =4

Low power consumption

2.3.7 Interoperability
Snart lamp systemincluding smart lamps, gatewdysuminaires, controls, meters and
management systems.€.,software) tend to rely on proprietary hardware and software.

In the home, smart lamp communication is performed by a number of wireless pro{seas
above) However, even where communicatiarses thesame protocol for different products,
the user may still have to use different software applications (apps) to control each product.
Thislack of interoperabilitynay result in the user being restricted parchasingll products

from a single manufacturen order to ensurecompatibility and easynanagement

With the evolution of technology, features and softwareer time even users relying on one
manufacturermayhaveto make adecision toeither start over or live with an existing,
increasingly undgtable or outdated smart lighting system.

Other standards/protocols are used in building automation systems for commercial buildings.
Efforts to bring more standardisation and interoperability to the market are underway within
Y I y dzF I O dzNB Niat&natioha skahdgrd@isaiion drgérisations, but most are
organised around each communication protocol.

U Ol 2F AYUSNRBLISNIoOoAfAGE 0Si6SSyouR fefrdsénes v (i
barrier for large scalenarket adoptionof smart lightirg, particularly inthe residential gctor.

* A component irthe communicatiorarchitecture for half of the smart lamp models tested for this study

PagelQ

YIy



IEA 4E SSL Annex Task 7Smart Lighting; First Status Report

2.4 FourTypes of Communication Architecture

Typically, a smartphone app is used to control the lamps with network access and wireless
communication between the lamps via the star network protocols WiFi (high data rate, longer
operating rate, relatively high power consumption) and Bluetooth (higl datte, short

operating rate, lower power consumption) or the mesh networks protocols Zigbeayz,
6LOoWPAN or others (low data rate, short operating rate, lower power consumption).

Some lamps are controlled by a dedicated remote control as user ingeplas a proprietary
star or mesh based network protocol lasth user link and lamp link

Four kinds of communication architectures have been found in the smart lamp products tested
by the organisations that have provided smart lamp test data.

The use othe four communicatiorarchitectures is analysed in chapter 5.

2.4.1 Communication Architecture Type A

This architecturenakesuse ofWiFifor the user interface and separategatewaythat
transfersthe communication tanother wireless communicationprotocol, e.g, Zigbee, Z
wave or 6LoWPANIsed for communication to the lamps and between the lamps.

User User

Lamp Link
Interface Link(s) ORTeWaY il

é,s
| Q\“a\«\\(\‘)'
. | (3
wireless / (( )) .

wired

- —
| W[’e/ess

I Dimy,

Wireless Communication

Figure4. Communications architectur@ype Ausing Wik, gateway and another protocol
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2.4.2 Communication Architecture Type B
Thisarchitectureis making use ofhe star based networkViFior the star based network
Bluetooth for both userlink andlamp link Use of Bluetooth is most common.

User Link and Lamp Link User Interface User Link and lamp Link
Wi,-e/e e‘és
S WS >
Comp,,* @LO«\«\“
s Wi,
¢ G elegs
\$ .
q&(‘o«@\, ©mm,

Figure5. Communications architectur@ype Bbased on either WiFor Bluetooth

2.4.3 Communication Architecture Type C
This architecture is making useWfFifor the user interface and ongateway lampthat

transfers the communication to the other lamps &yother wireless communications
protocol, e.g.,Zighee, ZAvave or6LOWPAN.

User Interface User Link Lamp Link Gateway Lamp Link
o =
wireless / €.
wired b
comms
45 Wireless
,\‘é i Commu.
qlco«\«\"

Figure6. Communications architectur&ype Quising WiFi and one lamp includingateway that
communicate to the other lamps using another protocol
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2.4.4 Communication Architecture Type D

This architectures making use ofledicated remote control as user interface plugraprietary
star or mesh based network protocol lasth user link and lamp link.

User

Interface User link and lamp link

Wireless

p é@s‘; Commu.
N\
~X“c°<(\6\
Wi, Wireless
©lag.
C S Commu.
O,

Figure7. Communications architecture Typeu3ing a remote control and aroprietary protocol
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3 Product | nf or mati on

When conducting tests on smart lampise information belowin Table2, should berecorded

about each of the models under test

Table2. Product information to record

Subject Description What to record

Notes

Manufacturer

Identity Model

Cap/base
Shape
Sze

Product and TechnicalD
purchase

Date
Where (store name and location)
Priceand currency

Purchase
information

Dimming

Colour tunability

Mood settings

Audio speaker fomusic from the lamp

Product Auto ON OFPbased ormoccupancylight, PIR,
features sound activation)

Auto ON OFRo simulate there are people in the
building (theft measure)

Name and versionumber ofthe smartphone app
Other

= =4 -4 & 4|8 4 _a _9a _9a _4a -9 -9

Smarhess

=

Is the smart lamp
part of a
dedicated home
automation
system?Ayes/no)

Rated mwer consumption
Max noof lampsper gateway

= —a =4 —a

Gateway

Onlypresentin
com.architecture
A

Wireless network structure with interface via
o smart-phone app,
0 remote control unit or

=

User interface

Included along
with the lamp in
the packaging?

Communication

0 Mesh network (Zighee #ave, WeMo,
6LOPLAN etg

o other medium (yes/no)
1 Protocol for user link Did you face
0 WiFi, Bluetooth start-up or
1 Protocol for lamp link communication
Protocol rotocol
o Star network (ViF, Bluetooth) p
challenges?

Power supply 1 Ratedpower supply voltageange

1 Ratedfrequencyrange
Power ONmode 1 Rated value on packagirtgita sheetlamp If possible, CCT
Consumption for ratedvalue
STANDBY 1 Rated value on packagirtgita sheetlamp Noteif not
mode provided
Light output Luminous Flux 1 Rated valués)on packagingdata sheetiamp If possible CCT

for rated valués)
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Subject Description What to record Notes
ceT 1 One rated value on packaging/data sheet/lamp If max CCT
(three options | T A fewrated values on packaging/data sheet/lamp | >6500K, does
- f CCT randénterval the lamp compy
?heepgrr::gﬂgsns d with blue hazard
testing
of the lamp) requirements?
1 LEDs incorporated in lamp Does the lamp
incorporate red,
Colour quality green and blue
RGB(W) lamp LEDs which
enable the useto
select any light
colour? (yes/no)
1 Rated value on packaging/data sheet/ lamp Is CRI provided
CRI for a range of
CCTs?
Presetscenes| { Descriptions of the prset scenes offered
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4 Met hodfobdrog$malest Lamp

The methodology outlinebelow is @ interim test methodfor laboratoiies to conduct
benchmarkiesting and potentiallyfor future compliance or enforcement testinghe steps of
the test method arewritten in normal fontwhile thetext in italicsprovidesoptional additional
steps and/ompractical notedor the person conducting the test

4.1 ProductSampling

Asamplesizeof 1¢3 lamps pemodelis sufficientfor the benchmarkiestingas it is a priority to
understand the performance range of products in the marketplace (and assess the potential
energy usage impact) lgstingas many lamp models as possible

Note:Benchmarkesting is very different froormarket surveillancer compliance and
enforcementesting, wherethe public authorities define a minimum sample size based on
statistical analysig-or example in th&U the sample size is typically required to beudfis of
eachlamp modekelected for market surveillance testing

4.2 Laboratory and Enviromental Conditions

The laboratory and environmental conditions shall be as specified in CIEESIAS
Sectionn ®H  a[ I 02 NI 02 NB | YR ,dingsgoihdtBeguiveihghislare statefl y RA G A 2
in another referenced standard within subsequent sectiohthis document.

4.3 Configuration for Test
The lamg shall betested as supplied.e. out of the box)and/or in accordance with the initial
setup as specified for the consumdrg the manufacturer

Optional testingWhereit is possible toesetthe lamp(to factory default settings)y a
dedicated button oa switching sequencahe lamp &ould be retestedafter resethas occurred.

4.4 QOperation

The lamps shall be operated by the user interface e.g. a smartphone, remote control or other
device. It musbe ensurel thatthe lamps are working as intended, includiogctions such as
dimming and colour tuning controlled by the user interface.

A user link (e.g. WiFi router or Bluetooth connection) is required.

4.5 Electrical Test Conditions

The test voltage and ettrical power supply shall be as stated in CIE £#)2815 Sectiom.3.1

aeSad £2fdGF3S YR a®aibo/ deRNS Yii Nurysikhed 8 0 $ N2 Y dzL.
requirements are stated in another referenced standard within subsequent sections of this

document.

® Some smart lamps do not have reset buttons, but instead are reset through a switching sequéntanafOFFor specific
periods of time. For example, the Osram Lightify LED langsés by switching iONfor 5 seconds, thefOFFor 5seconds, and
doing this five times. The light will then flash to confirm it has been reset to the factory default settings.
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4.6 Stabilisation

Similarly to all othetamptypes, the smartlamp needs to be stable before test measurements
are executedThe lampshall bestabilisedfor at least 30minutesin the state in which it is to be
measured The lamps consideredo be stable if therelative differencebetween themaximum
and minimum readings of electrical powandlight outputobserved over the last5 min is less
than 0.5% of the minimum reading within thib min period(CIE S 025/E:2013f the lamp
exhibits large fluctuations anthe stabilization conditions are nohet within 45 min of

operation (150min for LED luminaires), the measurement maystaeted and the observed
fluctuations shall be reported®re-burning of the lampso reach stabilisatiomay beapplied

In that casepperation for at least 3@nin is not neede@ndthe stabilisation criteriaver
15minutes may be tested immediately

For the STANDBY mode, the stabilisation might be reached very quickly, i.e. withimui&s
of operation of the lamp.

Note: To observe the variation and stabilization of the power consumption, measurements shall
be taken at ahigh sampling rate (e.geveryfew seconds) and aaverage consumption

calculated over the total periogor smart lamps, the stabilisation period might be lorgjece

the lampsincorporate aransmitterand areceiverfor communication Thereceivemmight be

ONall the time (with a small dutgycle) whereas th#ansmitter might braadcast two types of
signals: 1periodic supervision signals anddgynchronous signals related to specific events

(e.g. triggered by sensors).

4.7 MeasurementPeriod

It is recommendedhat the measurement for all lamp modésdone in onesessiorn order to
avoid the lamp coling and to mininse the stabilation periods every time the flux or CCT is
changedStabilisation of voltage and luminous flux should be confirmed (fonibbites) after
each change in operating configuration.

4.8 ElectricalMeasurementEquipment

All powermeasurements are to be conducted with measurement equipment (namely power
meter, voltmeter, current meter) which satisfies the requirements of CIE/S02BLS

Sectiommn @0 ®H & 9 f S Ol NJAudless maaeDhetodzNIHUFSnéniszare stated in
anotherreferenced standaravithin subsequent sections of this document

4.9 STANDBYower Measurements

After operating the lamp in thdefault (out of the boxIDN for30 minutes, sethe lampto
STANDBanNd, afterensuring the lamp istabilieed (seesection4.4),measure theSTANDBY
power consumptionn accordance withEC 6230& Household Electrical Appliances
Measurement of Standby Power

4.10GatewayPower Measurements

Gateways are only utilised faommunicationarchitecture Type AMeasurethe power
consumptionof the gatewaywhile at leastone lampis connected
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Note The simple measuremeat power consumption regardlessladw manymorelamps

above one thathe gateway suppogappearsto be sufficient due toesults oftesting of smart
lamp modebk with communication architecture type A. In these tests, the gateway power
consumption was measured over time while varying the number lamps supported by the
gateway. Inthe tests, the result of this analysis was that the gateway power consumption was
corstant andwas irdepencent of the number of lamps connected.

4.11 ON Measurements

Photometric and colorimetric measurements of the lasipallbe carried ouaccording to CIB
025/E:2015upsing a integrating sphere spectroradiometer

Where the lamp includesxtra servicesuch asnusic from the lamp or features from the other

3 categories of smart lighting productseg section1) and these are designed to be ON all the
time, then the power consumption measurements shall include these extra services. Where
they are designed to be switched ON by the consumer and/or only ON for a limited time, they
should be excluded from the measurement.

4.11.1 Lamps with Adjustable Colour Temperature

Initially for smart lamps with adjustable colour temperatutiee lowest and highesECT
achievable by the lamp shall be found in order to determine the nominal CCTs the lamp can
provide.

In generafor these lampsthe testingshallincludethe lowest and highest CCTs achievable by
the lamp plughe nominal CCT2700K, 400K, 500K ard 6500K and be conducted at
maximum light outpu{mentionedin case the lamps are also dimmapblEable3 shows the
nominal CCTs.

Table3. Nominal CCTs and associated x,y centre points for SSL products (ANSI €R.8y7

CCT (K)| 2200 2500 2700 3000 3500 4000 4500 5000 5700 6500
X 0.5018 | 0.4806 | 0.4578 | 0.4339 | 0.4078 | 0.3818 | 0.3613 | 0.3446 | 0.3287 | 0.3123

y 0.4153 | 0.4141 | 0.4101 | 0.4033| 0.3930 | 0.3797 | 0.3670 | 0.3551 | 0.3425| 0.3283

For snart lamp modelsfive types of CCT settirage identified. Foreach of thesaypesis below
proposeda practicalprocedure for setting the CCTs:

i Discrete preset CCTs (often described as mood settibgg these settings

i Slidebar with numeric notificationSide with bestpossibleaccuracy

i Slidebarwithout numeric notificationMonitor the CCT with a calibrated
illuminance/colour meteandslide with bespossibleaccuracy

1 2D colour space or colour whe#&lonitor the CCT with a calibrated

illuminance/colour meteandadjustthe touch with bestpossibleaccuracyfor
the region which represente variation of white lighi{where the colour
saturation is least,&. minimal chromae.g.the lowest CCT is below the red
region and the highest CCT is below the deep blue region

1 CCT value (K) or tltbhromaticitycoordinates can be enterednter the values
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4.11.2 Dimmable Lamps

Determine the minimum dimmed level achievable. The minimum dimmed level is determined
as when either there is no light emitted ) or the lamp no longer operates in an acceptable
manner (e.g. fluctuating colour/light output or flickeH this minimum dimmed level is less

than 25%, measure the lamp power (even if the minimum 9% Oght emitted).

For those lamps with adjustable light outpue(idimmable) testing shable conducted with
measurements for four dimming levels: 196) 75%, 50% and 2%6 (or minimum dimmed level
if this level iggreater than 2%%) for the nominal CCTs of 27@nd 500K if within the CCT
limits of the lamp or else respectivelye lowest anchighest CCTs achievable by the lamp

Dimming @anbe conveyed as the relative reduction in the light output or the lamp power. If this
information is provided then it is to be reported.

For the different smart lamp models, three types of setting the dimhesdl are found. For
each of these is below recommended a practical procedure for setting the dimmed level:

1 Preset percentagetse these settings

i Slidebar with numeric notificationSide with bestpossibleaccuracy to achieve
the dimmed level

i Slidebar without numeric notificationMonitor the illuminance of the lamp at

asset position with a calibrated illuminance megerdslide with bespossible
accuracy to achieve the relative illuminance

4.11.3 Measurements

Table4 provides an overview of combinations of CCT and dimming level to include. In case the
lamp is only able to provide one of these features the amount of measurements will naturally
be reduced according to this.

For each combination of CCT and dimminglleixe measurements shall include:

1. Lamp power

Total spectral flux after stabilisatiqeeesection4.4) from which thdollowing
parameters shall be calculated:

Luminous flux

CCT

Duv for the nominal CCTs
CRI

a bk w0
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Table4. ON Measurements (combinations @fCTs antighting output) to be included in testing

CCT
Min | 2200 | 2500 | 2700 | 3000 | 3500 | 4000 | 4500 | 5000 | 5700 | 6500 | Max
Only Only
100% O O M @) @) M @) M @) M
o o CCT CCT
S 5| 75% M M M M
c Qo
o5 50% M M M M
- 0O 25%pn) M M M M
min Only measure theuminous fluxand the lamp power

@) Minimum dimmed level if this level is greaterﬂ/ﬁ]M?SMandatOI’)@ = Optional
#)Dimmingan be conveyed as the relative reduction in the light output or the lamp power. If this information @ Ipeaeideddten it is t

Optionaltesting
i Measurementdor all nominal CCTs (séable 3).
1 Measurements foCCTs that are of interest to the requesting party

i Forlamps producing white light from a blend of red, green and blue [HZBB (
lampg measurenentof luminous flux andamp powerfor each of the three
pure colarrs red, green and blu@lease be awarthat for many smart lamps,
selection of a colour by an app is not precise as it is visual within a circle or
square and oftemot onthe blackbodylocus curve.

i Measurement of CCT (e.g. every minute) from cold start until lamp has
stabilisedand eventuallyfor restart of lamp after cooling
1 Test repeatability of selection of CCT under various control scenarios including

approaching selected CCT from higher and lower.CCTs

Note 1: The precision for selecting a CCT or colour by an app or user interface as well as the
dimming level is normally not very precise asd@kection is typically done in a small rendition
of the CIE colour space map on a sapdrdne screen with a relativelgrgefingertip.

Note2: In case the smart lamp is able to provide a €6300K, then the consumer has to be
warned about the health hazard risk for blue light (there are some lamps providing up to
14000K).
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5 Results of Preliminary Smart L amg

The SSL Annex has compiled some test data on smarslpurphase@nd tested in Annex
Member Country lighting laboratories:

1 11models purchased in the USA by Erik Page & Associates and tested at ITL
Boulder,

7 models purchasetly CLASBurope and testedt the Swedish Energy Agency
2models purchasedby the Australian governmentand tested by QUT
Photometric Laboratory

1 4 models purchaseth Denmark and tested by D Rdtonik

1 24 models purchasednd testedby the US Department of Energy

1
T

In total, 34different lamp models were testedh& sample size faachmodeltestedis 1¢
3 lampsbut several models are tested at different laboratorieggsand total ishigher for some
models Subsequentlythe testresultshave tobe handled agdicative measurements.

5.1 Stabilisation

Sectiord.6 abovedescribes that if the lamp exhibits large fluctuations and the stabilization
conditions are not met within 4Bin of operation, the measurement may be started and the
observed fluctuations shall reported.

Figure8 [ref. 9] shows some examples of ON mode stabilisation measurements of luminous flux
and power for three commonly used smart lamp models where stabilisatitimegbroducts
waseither not achievedor just achieved within 4Einutesaccording to the 0.56 criteria (see
section4.6).
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Figure8. Examples of stabilisation measurements for luminous flux and power
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5.2 Gateway Power Consumption

Some smart lamps with communication architecturgpe A were testedo ascertainf asimple
measurement othe gatewaypower consumptioris sufficientregardless othe number of
lamps the gateway support$he gateway power consumption was measured over time while
varying the number lamps supported by the gateway.

Testsresultsrevealedthat the gateway power consumption was independent of the number of
lamps connected. Figu@[ref. 9] shows the results for one of the products tested over a
40second time period. The blue line shows the measured gateway power rogtisun while
the green line shows the summated power for a varying number of lamps connected and ON

Gateway Power Power Consumption
Consumption [W] from 1 to 5 lamps [W]

1.8

1.7 35

- e ™ Y
. [T T T "
1.5 25
5 lamps 2000K
14 20

4 lamps 2000K

1.3

_'_ms 2000 ®
1.2 2 lamps 6500K 10
2 i p 2000K 5 lamp$ dimmed to 50%

1.1 11 1amp 6500K 5
1 lamp 2000K

0 lamps on

5 10 15 20 25 30 35 40 45 Seconds

Figure9. Nearly constant gateway consumption with @arying number of lamps in operation

5.3 Luminous Flux and Colour Temperature

The precision for selecting a CCT or co(earwell as the dimming leyddy an app or user
interfaceis normally not very precis@he selectionof colouris typically done in a small
rendition of the CIE colour space map on a sapéudne screen with aelatively large fingertip
Hgure 10[ref. 9] below shows two examples of measdreiminous flux related to colour
temperature for smart lampwithout any dimming(100% luminous flux)The manufacture®
rated luminous flux is respectiveBiOand 1000umens.

For both lampsthe testsrevealedthe lumen outputto be up to 40% less than the rated value
depending on theselectedCCT, e.g. for the lamp with 8l rating, it only provides
500lumens when the CCT is 27R0Typically, the ranufacturers daot inform the buyers of
the product® CCT for theated luminous flux and power consumptibnt insteadappear to
state the maximum luminous flux over tselectableCCT range for the product.
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Figure1l0. Two examples omeasured total luminous flux as a function of CCT

5.4 SandbyPower Consumption

The testing hasevealed that thestandbypower consumption for the84 different lampmodels
variessubstantialy between 0.5 W and 2.71W as shown irFgure11.
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Figurell. Sandby powerconsumption for smart lamps

The averagestandbypower consumptionlevelsgrouped by the different communication

architecture typesvere found to be:

l

Type A usinga gatewayconnecting toa different lamplink protocot 0.38W
per lamp(average calculated from testing ¥ models) The averagegateway
power consumption is 1.8V’ (only measured for 3 of the 1ateways1.7W
(lamp standby power 0.W), 1.4W (lamp power standby 0 &/) and 1."W
(lampstandby power 0.4V)). To illustrate the impact of multiple lamps, the

®For an explanation of the communication architecture classifications usttsi report, pleaseee section 2.1.
" The average gateway standby power consumption of 1.6 W is in line with measured power consumption of four home
automation gateways [ref. 10]: 1\&/, 1.7W, 1.8W and 3.3V with an average of 20/.
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total average power consumptiaof the gatewayper lampis calculated to be
1.98W for only one lamp connected, 0.Y@ per lamp for five lamps connected
or 0.41W per lamp for fifty larps connectedThe manufacturers state their
gateways can support up to 8mps.

i Type B using Bluetoott®.42W per lamp(sample size 013 models)
Type Cusing WiFi2.22W per lamp(sample size a2 models)

1 Type Dwith use of adedicated remotecontrol unit: 0.34W per lamp(sample
size2 models) In addition to the lamp, there ismallbattery consumptionfor
the remote control unit).

Figure 12 shows the standby power consumption divided on power bins.

1008
- 90%
£
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£ E 70%
=
2= 60%
e E 50%
“% = 40%
=
g g . ~
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£z
2 20% == == | =
51
10% ————— I— — r — — —
0%
=0 1w 01-02W 0.2 -03wW 0.3 -05wW *O5W
Type A 0% 12% 35% 29% 24%
M Type B using Bluetooth 0% 15% 16% 31% 38%
B Type C using WIFI 0% 0% 0% 0% 100%
Type D with remote control unit 0% 0% 50% 50% 0%
All 0% 12% 26% 30% 32%

Figurel2. Sandby power consumption analysig proportion of models in each power bin

The user interface is a smartphone app for all smart lamps except the two lamps where a
remote control unit is used.

For architecturelype A, the protocol Zigbee is usednostof the models testedwhile the Z
wave and 6LoWPAN are usedhe remainingew models. There is not enough data to
calculate and compare averag@andbypower consumption forproducts usinghese three
protocols.The second highestandbypower consumptionper lampwould normally befor
architectureTypeA, but it isdependent on the number of lamps the gateway supports.

Architecture Type C (using WiFi all the way to the lamp) is the fastest communication solution
but our initial findings show #it the standbypower consumption is higher for this architecture.

The lowest averagstandbypower consumption appears foine architectureTypes B andD.
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5.5 Energy Consumption fobmartLampsProviding 20-1000Im
Inhomes in IEA 4E SSL Annex mernsbantries most lamps are used;2 hours/days [ef. 2].

When the lamp operation time isHour per day (and 23 hours in standby mod®) average
51 % of theyearlyconsumption is used istandbymode. For 444 of the lamps, thetandby
consumption is over 5% of the total consumption.

30,0

200

Annual Consumption
kWh/y

150 A

W TRV it |

1 2 3 4 5 1] 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 125 126 127

Oon: 1 hiday Model Number
Off (standby): . 23 h/day i On Mode u Standby Mode

Figurel3. Annualenergyconsumption for27 smart lamps modelsin operation 1hour/day

When the operation time is increased td@urs per day, on average 3b of theenergy
consumption is used istandbymode (for 19% of thelamps over 50% of the consumption

35,0

Annual Consumption
kWh/y

15,0

1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

On: 2 hiday Model Number
Off (standby): 22 hIday W On Mode u Standby Mode

Figurel4. Annualenergyconsumption for27 smart lamps modelsin operation 2hours/day
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Thefound highstandbyenergyconsumption is similar tthe experiencewith other electronic
products whereghe manufacturers first focused ancorporating thenew featuresnto the
productsbeforethey pad attention to reduang thestandbypower [ref. 11and 13.

5.6 Energy Consumption fobecoraton SmartLampsProviding 56-75Im

Smart lamps with low lumen outpsieem to be intendednainly for decoratie applications
rather than general illuminatiorin any given decorative installatiotimere could be many of
these, so their energy consumptiowould alsobe important.

Whenthe lamp operation time is hour per day (and 23 hours in standby mod®),average
71% of thetotal daily energyconsumption is used istandbymode.
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on: 1 hiday
Off (standby): 23 hiday
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Figurel5. Annualenergyconsumption for5 decoration smartlamps in operation IThour/day

When the operation time is increased tch@urs per day, on average 94 of the energy
consumption is used in standby made
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Figurel6. Annualenergyconsumption for5 decoration smartlamps in operation Zhours/day
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5.7 Efficacy forSmartLamp Providing 206-1000Im

For the ON mode, the lamp efficacies range betweear8#87 Im/W which islower than for
standard LED lamps models of equivalent light output operated by the normal on/off switch
RdzS (G2 GKS IRRAGAZ2YIf AYOGSNYyrft StSQGNRYyAO 02Y

When the lamp operation time isHour per dayand 23 hours in standby modehe overall
efficacy(see section 2.1yaries between @&nd 51lm/W, with an average 3tn/W. For four of
the lampmodek tested, the overall efficacy is lower tharethfficacyof incandescent lamps

60,00
0,00
Im/W
0,00
30,00
20,00
Incandescent
10,00 & g Lamps
000 I
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 28 25 26 27
on: 1 hiday Model Number
Off (standby): 23 hiday m Efficacy (On mode) m Overall Efficacy (On mode + Standby mode)

Figurel7. ON efficacyand overall efficacy for27 smart lampsmodelsin operation 1 hour/day

When thelampoperation timeis increased t@ hours per dayand 22 hours in standby mode)
the overall efficacyariesbetween16 and64Im/W, with an averagef 40Im/W.

Incandescent

1 2 3 4 5 6 7 &8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 X5 26 27

On: 2 hiday Model Number

Off (standby): 22 hiday
® Efficacy (On mode) m Overall Efficacy (On mode + Standby mode)

Figurel8. ON efficacyand overall efficacy for27 smart lampsmodelsin operation 2hours/day
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5.8 Efficacy forDecoraton SmartLampsProviding 56-75Im
Thetesting of fivedecoraton smart lampmodelsrevealed thathe ONefficacy varid between

9and20Im/W. This isrery poorcompared tostandardLED lamp3/Nhenthe operation time is
1 hour per dayand 23 hours in standby modehe overall efficacywas found to bevery low

between3and5 Im/W.
Incandes-
cent lamps
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Figurel9. Efficacy fors decoration smartlamps in operation lhour/day

When the operation time is increased td@urs per dayand 22 hours in standby moddhe
overall efficacyaried between5 and 7 Im/W which is stilsubstantiallylower than theefficacy
of incandescent lamps.
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Figure20. Efficacy fors decoration smart lamps in operation hours/day
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5.9 DimTonelamps

Anew type ofLEDampcalledédDimToné& emulatesthe shift inCCThat occurswhen an
incandescenbr halogenamp is dimmedln other words, as the light output is reduced, the
colour shifts to lower CCT with more orange and red content.

DimTone lamps areontrolled byan external dimmer when the lamp is ithe ONmode, and
there is thus nstandbypower consumption

Figure21 shows how the LED DimTdaep gradually changegsCTrom 2727K (260m) to
2200K @01Im). For comparison, in that figuiie shown the dimming of a 40N incandescent
GLS lampwhich changes its C&®m 2609K (375Im) to 2060 K (26 Im).

The dimming with change of CCT has an influence on the efficacy where the LED Démpone
starts at 84m/W (100% luminous flux) and decreases tol@8W (8 % luminous flux), while

the incandescent lamp starts at 9ri/W (100% luminous flux) and decreases to RrfW

(13% luminous flux).
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Figure21. Comparism of DimlToneLEDiamp and 40W incandescent lamp
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6 Lage Mar ket Potenti al

The market potential of smart lighting is extensive, once the platform enabling functionality has
been established. These smart lighting products can also be used inapplgrations such as
museums, exhibition halls, shopping cersti@nd supermarketsvhere the lamps might be used
asWiFi orLiFinodes to help consumers with smart phones to navigate a building or find
products in a storeln thesepremises, the daily hosrof operation is typically high and the

overall efficacy(seesectionl.2.2) is thus relatively high bthien control features might be

used to realise energy savinigg turning off lights which would normally remain.dine

interaction between the smart lights and smart phones could activate visual and aural
information for selfguided museum tours or detailed product information in a store.

The opportunities and applications are virtually limitleBs this reasonthe IEA 4ESSL Annex
feels it is important to studgtandbypower consumption andaiseawareness abouhis extra

energyconsumption which ia necessary aspeoft the new smart servicet justa few years,

there couldbe dozens of wirelessly controlléaimps in a single home

Smart lamps and luminaires appear also integrated with smart home serdisas example of
this development, Sonpartnered with Toshiban January 201fef. 7] to publishinformation
abouttheir latest new nalti-functional luminaire set to go on sale in Japai2016 The services
and featureancluded in this luminaireare:

w [llumination of the room in any colour of light available on the visible spectrum;
w Sensor that detects when someone is in the room amiiches the luminaire on;

() Sensor that measures temperature and humidity and communicate that
information to air conditioning and thermostats;

() Feature that turns on the television when someone walks in, including a
sound/speaker system;

() Burglar alarm by aubling the overhead light if an uninvited guest enters;

App which serves as a home intercom system receiving voice commands regarding
other gadgets under its control.

Figure22. Sony rultifunctional smart luminaire
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Othernon-lighting sericesincludemusic, boosting of WiFi signal in areas where the router
doesnot work, cameras, voice activated servicesund activatedext messageervicessmoke
alarm, intruder alarmbabymonitor, etc.

Sales of individual smart home devicesght doublewithin less than 1§ears|[ref. 13]and

many of usmight bepaying for an entire smart home services package just as we currently do
for our Internet connectionand energyutility servies.Service provides are alreadypundling
established devices as an integrated pacKagee Sony luminaire and similar products might
becomehubs for controlling the different services.

®E.g.NestThermostats and Philips HUE lights
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7 Th@ al | egleiMd loar s

Thetotal energy impact of smart lamps is diffictdt predict, as it is dependent on the
functionality developed and the deploymemtodel employedy the suppliers, as well as the
user acceptance.

The first measurementsonducted and reported in this studiydicatethat smart lightingmay
increase the lighting energy consumption considerdpéyrticularly in residential applications)
asexperienced with earlgeneratiors of other appliances with networkapability andstandby
mode. What seems like a relatively snslindbywattage might ginificantly increase the
annualenergyconsumptiondue to the number of smart lamps installed

It seems desirable to regulate tlstandbypower consumption for smart lamps at an early
stagein orderto provide alimit on powerconsumption under which thEampfunctionality may
be developed, butvithout undulylimitinginnovation.

At present there are no definitiors of any efficiency based metritisat adequatelycapture

both the potential functionalityand standbymodes of smart lampweighted by thenumber of
hours in the two modesThere is alsmo international or regional testnethodology against
which tomeasure thesefficiency basednetricsand smart featuress part of a possible
regulation This clearly presentssignificantchallenge fom policy makerAs discussed earlier,
the USDOEecentlyfinalised a test procedure for LED lamps [ref. 14] which references IEC
62301 for the standby mode test methgout this procedure desnot includea calculation of
the overall efficacy

If policy malers were to adopt &vait and see' strategy beforestablishing policies to
encourage lowestandbypower consumption, it could result in higher energy consumption
overalldue tothe market developingvithout consideation for lowering theenergy
consumptionand the long lifetime for the products.

At this time, 1 is critical todevelop suitable test methodsnd consider voluntary and regulatory
measuresas thesales of smart lampare expected tancreaserapidlyashigh pricecome

down. Hencedevelopment of an interim test method and associated regulaisdrecoming
more urgent

7.1 Methodology for Smart Lamp Testing

ThelEAAESSIAnnexhas outlined a temporary measurement approacthhis reportfor test
laboratories to conduct indicativiesting, and later for compliance or enforcement testimgis
is coordinated with IEA EDNA AnieecauseEDNAhasdeveloped an approach for colléoh of
indicativenon-laboratory approximate measuremenits shops and elsewhere

7.2 Maximum Standby PoweLimits

The IEA 4E SSL Annex is working to raise awarergssidibyenergy consumption, and has
issued a press releagettp://ssl.iea-4e.org/news/smarilighting)and given a number of
presentations at conferences, seminars and workshops on this @i, 4, 5, 6 and].
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There are some governments already looking at voluntary and regulatory measures relating to
maximum standby power consumption &rhart lampsaround the world

1 The latest version of thevoluntary UENERGSTAR specificatiancludesa
requirementof a maximunstandbypower consumption of0.5W.

1 The ongoing revision of the EU lighting regulation will come into effienn
2018 Tre first draftof the regulationproposesa requirement of maximum
0.5W. Severamembercountriescommentd on this and suggest a lower
maximumrequirementas well asgraduallowering of the maximum standby
power consumption by three stagemodel

1 Inthe IEA 4E SSL Annex Tasjuality and performanceers update published
in 20316, the requirementgor maximum standby power consumpti@me:
0.5Wfor Tier 1, 03 W for Tier 2 and 02 W for Tier 3 [ref. 1].

7.3 Rated performance for Smart Lamps

In several caseshe manufacturereported a relatively highrated efficacy which is measured
at a coldCCTe.qg., greater tha®000K). The luminous flux might be very different for warm
colour temperatures aroun@700 K which is the peferred CCT in sonyearts of the world

IEA 4E SSL recommends that governments require the manufacturer to report the rated
luminous flux as well as the efficacy for the two correlated colour temperatures of 700
(warm colour)and 5000K (cold colour)o reflect thedifferent culturalpreferences around the
world. DOEequiresa manufacturer to report CCT and conduct tests at reported ALIES,
but it does not requiranformation forspecificCCTpoints.

7.4 Overall Efficacy
The IEA 4E SSL Annex has defined a nevekaydverallefficacy.

The overall efficacy express luminous flux (the light output) perametgy consumed taking

into consideration both the energy consumed in ON plus in STANDBY. The overall time period
has tominimallybe per day, but the accuragyproves with longer periods such as a week or a
full year.

It is suggested thatglicy makers state overall efficacy performance requirements for smart
lamps.
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