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Executive Summary

This report presents the results of an analysis, commissioned by the U.S. Department of Energy, of
television (TV) efficiency in supporttbe Supeefficient Equipment and Appliance Deployment
(SEAD) initiative’ The International Energ)ystudies group at Lawrence Berkeley National
Laboratoy performed the analysis. SEAINs to transform thglobal markeby increasing the
penetration ohighlyefficient equipment and appliandése objective of this analysis is to provide

the backgrountechnical informationecessary to improve the efficiency'éé andto provide a
foundation for the voluntary activities of SEAD participating countries.

SEAD partners work together in voluntamy act.i
superefficient appliances and equipment into the market through cooperation on measures like
incentives, procurement, awards, resdarch and developmdR&D)i nvest ment s; (2)
efficiency floord by wor gidnal goliciesligeaninimenr effitiemcy b o | s
standar ds; and (3) ostrengthen the efficienc)y
work to support these activitfes.

Objective and Scope

The objective of this analysis is to identify potential TMerffyc improvements and their
incremental costs, as well as to provide initial global and -spewcific estimates of total energy
savings potential. The overarching goal is to provide relevant and appropriate information to
support design of approprigielicy programs that will accelerate the penetration ofeffigient

TVs.

This report defines three categories of potential TV efficiency improvement: market, economic, and
technical. The analysis addresses market and economic efficiency imprbe¢mentsdhnically
feasible, practical to manufacture, and therefore could be realized in the shordéion, we

discuss significant technology trends to provide a picture of the future TV market and analyze
technical improvements that are féasibthe short term, but we do not analyze in detaitdomg

technical efficiency improvements that would require R&D investment.

Data Sources and Analysis Method

The analysis team obtained the data for this report from the following sources: tegretuief

including technical reports; courgpgcific databases (i.e., U.S. ENERGY STAR and Energy
Conservation Centetdapa)) international conferences and exhibitions; and interviews with
manufacturers and experts in the fiefheé experts and manafa ur er s i nter vi ewed |

1 As one of the initiatives in the Global Energy Efficiency Challenge, SEAD seeks to eia@édimbal action liyforming the

2 As of April 2011, the governments participating in SEAD are: AusBralzl, Canada, the European Commission, France,
Germany, India, Japan, Korea, Mexico, Russia, South Africa, Bwddieited Arab Emiratefie United Kingdm, and the United
States. More information on SEAD is available from its welgiie /Atvww.superefficient.org/

Xiv


http://www.superefficient.org/

experience in the TV industry, and their collective expertise covers the entire TV market, including
liquid crystal displaiz@D), plasma display paneD@), and organic ligleimitting diode@LED)
technologies, resehArand development (R&D)lanning, and TV testinghe identities of the

expert and manufacturer sourirgsrviewed for this report have been kept confiddrgcduse

they requested anonymity as a condition of speaking with authors. Information $eom the
interviews i n t he t ext of t his report i s,
oOmanufacturers. o

Our analysis compares future TV energy consumption for two scenarios: a base case, which assumes
options that are expected to be implementedfi@am uf act ur e r sn@fficremcachsea p s ,
which assumes all cestective efficiency options that can be additionally implemirseche

incremental costs and technical effort are expeBdegk efficiency improvement options needing

further R&Dinvestment or currently unfeasible are discussed but not included in our modeling.

Summary of Findings and Recommendations

TV Market

1 LCD TVs are rapidly displacing CRT TVs, lgid-emittingdiode LED) backlit LCD TVs
are similarly rapidly displacooyl cathodefluorescentamp CCFL) backlit LCD TVsAs a
result,LED backlit TVsare expected to capturmre than/5% of the global T'galesn
2014. The transitionfrom analog to digital T\hew energyefficiency standards and
improvements and cost retlans in LED technologywill be the key drivers for gee
technologyransitiors

1 Thelargescale transition from CCFL backi@D TVs to LED backlit.CD TVs between
2010 and 2014 expectetb reduce the impact of increases in screen size and TV sales on
total TV power consumptioaven in the absence fifrther efficiency improvements in
LED backlit TVs.

1 The top fivemanufacturers produce more than 60% of TVs worldwide.

1 Some major TV brands are expected to provide more efficient LED backlit T\&r at low
pricesthrough adjusting the maximiluminancédevel and colereproduction capability.

T The Japanese domestic mar ket showepdintsi gni f
program, growing more than 30% in 2009 and 2010.

TV Energy Consumptionand Efficiency Improvement Potentials

1 The average LEDacklit LCD TVin the US markes forecasted to consume abdif?2
less ormode power than ENERGY STARrsion5 requirements (f& 24#) models) in
2012.

1 Key costeffectiveoptions exist that cafurther improve efficiency (Cost of Conserved
Energy<8 cents/kWh)

1 All the efficiency improvement options considelsshpply to 3D TVs ancbnnectedr'vVs
(or gnart TVs)

T Brightness control functions plmode paver.si gni f
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Howe\er, currenly availabl@Vs still consume more powernvariousmodes (e.g., dgmic
andvivid) other thardefault home mode.

1 ENERGY STAR Version 5 is likely to hold TV energy consumption down in spite of
growth in global TV sales and a trend toward Bestestreen sizes.

1 Connected TV¢or smart TVsare expected to consume 3 VB@V in network standby,
dependingomanuf act ur er s 6 i. Yaricas opters existets keep moverallc h e m:
network standby power Ipincludng network standby powerTiv energytest procedures
would be the most important siepeducing power consumption

T Idl e modes such as o0fast gbout2p W on avegageéd c K st ¢
standby power consumption as a user selected dptithre extent thaast boa time (or
reactivation timeis an importantchoice forconsumers, market transformation program
administrators might consider efforts to educate consumers regarding the significant energy
consumption implications of such choices.

Analysis Results

There is significant uncertainty regarding precisely which efficiency improvement options TV
manufacturers will gravitate toward in future TV dedigesefore, although this report reviews

and analyzes currently available and dominant technology in sonmmeotééito identiffeasible

and caostfectie#ficiency improvement options, we do not claim these are the best or only efficiency
improvement options available for the various TV technologies, or that other cost effective options
to improve efficienc do not exist. Discussion of specific technologies is not intended to be
exhaustive and comprehensive, only to provide policy makers with a sense of what levels of
efficiency are possible for televisions currently and in th2toextyears. We do na@aommend

or endorse any specific technology or efficiency improvement option.

A] Trends in TV Electricity Consumption

Currently, TVs are estimated to represame than3% to 4% of global residential electricity
consumption (268terrawatt hours [TWhigpresenting 27 megatonnes of C@missions in 2010)

%, As shown in Figure EIS TV electricity consumption is expecteslightly decrease in the ghor

term, because of a laigmle technological transition (EBT to LCD, andCCFL-LCD to LED-

LCD) and rapid improvements in TV energy efficiemeyspite ofthe projected increase in
penetration of TVs in households, especially in emerging economies, as well as the projected
increase in the average screen size of TVs purchased.

3 This estimate is based on averagaaie power consumption of ENERGY ST4®alified TVs ir2010, efficiency improvement
potentials identified, and regional TV shéngsectedadditional energy consumptior3D TVs, connected TVs (or smart TVS),
various display settings, and power mae®t includedn the modelingThese components arpately discussed in the report.
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Figure ES 1. Forecast of TV Electricity Consumption in Selected Countries

Assuming that the average TV lifetjnmeluding replacement cycles, is about 10 years, almost all of
the TV electricity consption in 2030 wilbe from TVs that are yet to be purchased. This presents
a great opportunity to influence these purchase decisions and save electricityeffecivenst
manner.

Since the mi@000s, the global TV market has undergone a major tnafrsitio traditional

cathode ray tube (CRT) TVs to other types, particularly flat panel display (FPD) TVs such as LCD
and PDP. LCD TVs are expected to account for more than 90% of the global TV market through
2012, including all screen sizes (DisplayS#ateh). Although CRT TVs are expected to remain
popular in emerging markets, major TV brands are likely to provide more affordable LCD TVs to
replace CRT TVs in these marketaddition, a largecale transition is expected from conventional

cold cathoddluorescent lamp (CCFL) backlit LCD TVs to tgyhitting diode (LED) backlit LCD

TVs for all screen sizes, resulting in substantial improvements in efficiency. 2glrewsShe
predicted market transition from CRT 0, and CCFILCD to LED-LCD TVs

4TVGés technical l'ifespan is diff er ens technicaifespan o thand0|0We . Accor

hours which is equivalentabout20 yearat 8 hours a day.
5 According to DisplaySeardhobal shipments of LCD TVs in 2007 were 39.7% of the global market, CRT TVs 53.7%, PDP TVs
5.6%, and Rear Projection TVs 1%. (DisplaySearch 2010b)
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Figure ES-2. Forecast GloballV Market Transition

Reflecting the growing contribution of LCD TVs to global energy consumption due to the
aforementioned market transitiorg estimate that LCD TVs will overtake CRT TVerimg of
energy consumption consuming38érawathours (TWh) annually compared7@8TWh for

CRT TVs as shown in Figure-g&S

PDP, 15.0 TWh

CRT, 728 TWh

LCD, 843 TWh

Source: Analysis using the BoHHdmEnergy Analysis System (BUENAS) model
Figure ES-3. Global TV Energy Consumption by Disfay Type in 2012

Regional Trends

TV manufacturing is highly globalized and concenttiagtdp five manufacturerproduce more
than 60% of TVs solorldwide There are mly limited regional differendascreen technologies
and sizes (séegure ES)). For a given size and display technology, TVidtifferent regions of
the world are very simil@ur analysis covetise mostcommonTV sizes and display technologies
found acrosdifferent regions.
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Figure ES4. ForecastMarket Transition by Region and Backlight Technology

Becaus@V productionis highly globalizeand TVs sold across different regions are similar, our
analysis does not consideparatefficiency options and cos$ts different regions of the world
while we reflect different screen technology mixtures and TV sales in eacHoeg\eT,major

TV brands are expected to provide ne&l@bigned LED backlit TVs at low pside emerging
markets. This new type of lpnce model can be accomplishedldweing the maximum
luminancelevel and color reproduction capability LCD panels, resulting in lower power
consumption than conventional LED backlit LCD TVs.

B] TV On-Mode Power Forecast

As mentioned earlier, our analysis compares future TV energy consfonfitio scenarios: a

base case, which assumes options that are exp
roadmaps, andnaefficiency case, which assumes-aftesttive efficiency options that can be
additionally implemented with incremerntatscand some technical efféxdr LCD TVs, the base

case focuses on LE€dge backlit TV models because they are expected to be the mainstream
technology. However, improvement in other key parts, such as LCD panels and optical films, can be
applicable taother types of backlights. There are only a few technology categories where the
relationship between efficiency improvement and corresponding incremental cosWgilelear.

most panefelated technologies require R&D investment because panel desgnmisstth
complicated element and is closely associated with manufacturing process, adoption of better optical
films and dimming options appear to be good candidates for a market transformation program.
While technical options for improving the efficiencyPBP TVs exist, most such options are
interconnected. Therefore it is difficult to quantify the individual effect that each individual option
would have on oemode power. Omode power forecasts for PDP TVs are based on

manufacturer so r oegyeffiaigney.impOueredtpotdntaly theseeoptions are
XiX



strongly related to proprietary OLED panel technologies, including sophisticated manufacturing
processes. This report does not address R&D investments associated with design of FPDs.

Based on oudentification of efficiency improvement options anchode power foENERGY
STARVersior4 qualified TVs, all TV technologies$Ginch screen sizaje expectet be able to
meet or approacENERGY STARVersion5 levels in 2012 by employing some combination of
efficiency improvement options, as shown in Figu®, BBhough some of these options may
require additional increntehcosts. The average for LED backlit LCD TVs is a¥@atbelow
ENERGY STARVersionb.

120%

100%
ENERGY
S0 STAR 5.1
‘o
60%
40%
20%
0% T T T T T 1

LED-LCD LED-LCD CCFL-LCD CCFL-LCD PDP OLED

(base case) (efficient) (base case) (efficient)

Figure ES'5 Estimated OnMode Power for Display Technologies (2012, 4@ch TVs)

C] Global Savings Potential

Figure ESS showsa forecast of annual electricityirsgs potential in selected countries. It is
important to note here that this savings potential retthectifferebeéveen our assumed base case and
efficiency casel does not reflect additional savings from the current global level of electricity
consumption due to the fasbving and aggresshase case itseMiso, we assumed the efficiency

case only for 30% of the LCD TV marketcording to the forecast, the efficieomyds expected

to further reduce energy consumption in LCD TVEByrWh from2012 through 203
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Figure ES6. Forecast of TV Electricity Savings Potential in Selected Countries

D] Key Lessons forPolicy Makers

a. Impact of Increases in Screen Size/TV Sales on TV @node Power

Althoughit is expected thdgoth average TV screen size dMdsales will increase, the lesgale
transition from CCHLCD TVs to LEDLCD TVs is expected to reduce the impaict
countervailing trends in screen size and TV sales on total TV power consenveptiothout
efficiency improvementAs a resulthe addition ofefficiency improvemeswvill be sufficient to

negate the impact of countervailing trends in screen diz€Vasales on total TV power
consumption. Figure ESshows the average screen area per unit and global TV shipment by
technology for 2010 and 2014. Figuré&EBows estimates of the totalnoode power consumed

by all new TVs in 2014 for bdtke no-improvement case atite efficiency improvemease case

6 Our projections take into account the rapid improvements in TV efficiency resulting from a shift@@waxsand from
improvements in plasma TVs. We also take into account the rapid projected shift towards LCD TVs with LED backlighting.
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Figure ES-8. Estimates of Total Onmode Power Conamption by Global TV Shipmentin
2014

b. Stringency of Standards

Standards and labeling proggar@ed to take into accouexpectedapid improvements in TV
efficiencyand definenuch more stringent efficierteyges thanare currently in pladeor exarple,

in 2008, market penetration of ENERGY ST¥dRsion3 qualified TVs was about 80%; in 2010
that of ENERGY STARVersion4 qualified TVs was 70%; and in 2012, most TV models on the
U.S. markef>60%) will be able to me&NERGY STARVersion5 requiremets. However, there

are coseffective options téurtherimproveTV efficiencyif these options are adopted, then most
TVs will perform better thaBENERGY STAR Version5, and minimum energyerformance
standards as stringent as ENERGY SVARIon5 wouldbe possible.

Key efficiency improvement options that could further improve TV efficiency atectist(i.e.,
the Cost of Conserved Ener(fyCE < 8 centskilowatt hour [kWH] thusmarket transformation
programs such as standards and incentitesilifacilitate the adoption of these technologies are

7 We assume thatost LED TVswill be able to me@&NERGY STAR érsionb.
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likely to be cost effective.

c. Impact of Standards on Countervailing Screen Size/Energy Tresd

The average energy consumption of TVs is expected to increase with progressive increases in the
sizesof TVs sold. Assuming that average T\mmale power just meets the efficiency metric used

for maximum power consumption in ENERGY ST¥étsion4, and all other factors remain the

same, average TV power is likely to increase by 9% with the expectede@d&84nntV size (13.4%

in screen area) between 2010 and 2014.

Taking into account the likely succesENERGY STAR ¥rsion5 in holding down energy
consumption despite the expected increase in TV screen size, wefassumanalysis that all

TVs soldin North America from 2012 to 2014 qualify for ENER®&fsion 5Based on this
assumption, we calculate that, in spite of expected increases in TV sales and screen sizes, annual T\
energy consumption will be lower than the case in which TVs qualify &N¥ERGY Version 4

from 2010 to 2014.

We note here th&NERGY STAR ¥rsion5 will be functioning very much like a cap omaale
power, controlling the power consumption of very large screen sizes. Similarly, the UK Energy
Saving Trust recommended anceseiment scheme for digitals with a cap of 150%W.

2010 2012 2014
Average Screen Size (North Ameri 36.0 inch 37.8 inch 39.2inch
Average Screen Area (North Ameri 553.4inck? 610.1inck? 656.1inck?
TV Shipments (million units) 42.7 47.7 52.4
U.S.ENERGY STAR VERSION 4 Pmna=91.4W - -
U.S.ENERGY STAR VERSION 5 - Pmax=69.2W Pmax=73.1W

Pna=0.120 A+25, (A:inch A 275)
Prna?=0.084 A+18 (A:incli1,068 A 275)

Source for average screen sideTd/ shipments: DisplaySearch 2011a
Table ES'1 Increase in TV Screen Sizes and Shipments for North America

8 http://www.energysavingtrust.org.uk/business/content/view/full/481857
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Figure ES-9. Effect of Predicted Screen Size and TV Shipments on Energy Consumpfion

d. Options for Efficiency | mprovementof Typical TVs alsoapply to 3D TVsand Smart TVs
Although the trend towanmcorporating a 3D function in TVs will result in increase in power

consumptiorin 3D modall of the options for increasing the efficiency eb@RTVs will apply
equally to 3D TVSA TV in 3D mode requiresbout3 to 5 W for 3D image procegsat a
minimum,and may consume more powar,to 20 W for 42nch LCD and PDP TVslepending
on manufacturer settinglswe assume that all 3D TVs (LCDs &mPs) consuman additiona20

W for 3D mode an@ hours per day for 3D content, the additional cuneikatiergy consumption
in 3D mode of the 3D TVs from 2010 to 2014 is estimated to be about ON&Issue in
existing 3D TVs ithat 3D mode causé8-80% of light lossvhencompared to the luminance in
2D mode.This loss can therefore result in tinghtnes®’ perceived by the viewer in 3D mode
beinglower tharthe brightnesperceivedn 2D mode althoug3D perception renders the image
subjectively brighter than it technicallif is expected that this issue will be overcome as both 3D
technologiesral display efficiency improve over time. Also, 3D content availaldaestamers is
still limited, which makes it hard to project viewing hours for 3D content at thi€ stageted
TVs (or Smart T\Jgequire advanced hardware components such as bpreaéssing unit (CPU),
graphical processing unit (GPU) and mentiogygverall effect of these components ormute
power is notsignificant but local dimming methods will not be very useful in lowpongr
consumptiorfor white internet screens.igtmore important to look at effexit these new trends
on overall energy consumption rather thaimrstandalone effect on device pow@annectedVs
have the potential to increase standby mode power because of network coanedtgitystart
options In addition, mcreasegbenetration of both 3D TVs ar@mbnnectedl'Vs may encourage
consumers to buy larger screens and extend viewing hours. 3Dbbth and connectedl'Vv

9 Assuming that average daily viewing time is 5 hours and average standby power is 1 W.

10 This refers to therightnes®f the imageerceived pthe viewein its final usable formue to losses in 3D glasses. The actual
luminancef the screen would be the same or afmrnee constant effective brightness.
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functions are incorporated into edeyel TV models, the resulting increasedggnonsumption
will to some degree offsbe effect ofefficiency improvements in TVs

e. Slow Boot Time May Prompt Consumers to Choose Fast Start Options which
Significantly IncreaseStandby Fower

One issuen currently availablEVs is booting (or extivating) timevhich consunesfrom a few

seconds to about 45 seconds. Slow boottmen i ncreasingly feature i d|
startoé) that allow the TV system to power up
a recenteportfrom ECCJYECCJ 209), fast start optionsontributeabout25 W on average (Min

11.7 W, Max 68.0 W) to standby power consumption inSioWA\boot (or wake) timaayprompt

consumerso choose a fast start moalkéhoughthe mode consumegynificantlymore power than

the default standby.

f. Rapidly Increasing Network Standby Power Indicates the Necessity for its Inclusion in
Standards and Test Procedures.

Although a majority of TVs consume less than 1 W in passive standby or sleep mode, newer
connectedTVs (or smartTVs) consume from 3 W t80 W in network standby mode. The
maximum power required to keep network connectivity is not expected to significantly increase, but
the average network standby power is expected to increase, depethdingpwer magament
regimeand reactivation time (i.e., resumeto-application)lf we assume that all neannected

TVs (or smart TVsconsume30 W in network standby, the annual energy consumption in network
standby forthe new connectedVs in 2014 is about 2ANh. There are many options to keep
overall network standby power consumption lowabat minimumncluding network standby

power in the test procedures would be an important firsFgiepe ESIO shows a forecast for

total energy consumption in netkvetandby power from 2010 to 2014.
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Figure ES1Q Estimates of Energy Consumption in Network Standby Mode by Global
Connected TV Shipment Forecast

g. Effect of the Japanese Ec®#oints Program on the Japanese TMarket
According to DisplaySean@011g, apan experienced significant gradwtiore thar80%:a in the
domestic TV market in 2009 and 2010 because of the governmBairEcsubsidy program, but
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a sharp decline is expected after the program ends in 2011. This example illustrates tlod sensitivity
consumer demand to financial incentive programs.

25%

20% A= K —#—China
| — =f=North America

15% - e ==r=Western Europe
Asia Pacific
10% S Latin America
- > v Y === Bastern Europe
o - s = = Middle East and Africa

5% &9
\’_—.__* —.—Japan

0%

2008 2009 2010 2011 2012 2013 2014

Source: DisplaySearch 2011a
Figure ES- 11 Regional Distribution of Global TV Market

h. Auto Brightness Control/Ambient Light Sensing as an EnergiEfficiency Option

The magnitude of the effect of aut@gbtness control (ABC) on power consumption is significant.
However, test procedures that allow for crediting estimated energy savings to TVs that have ABC
can provide counterproductive incentives to manufacturers to set the ABC settings so that the
pictureis too dark for viewer comfort during testing in the. @ughABC settings would allow the
manufacturer to claim energy savings during testing, but the user would then be prompted to disable
the ABC for a brighter screen, which would negate any sumfys sa practice. All major
manufacturersurrently providat least one model of TV with ABC activatedensure that ABC

is properly used as an efficiency improvement option:

1 ABCsettings need to laetivated by default for all TVs eligible to paateim market
transformation programs.

1 ABCsettingeed tdbe easier to adjust than to deactivate completely.

1 The test method to account for ABC needs to be revised to test at more realistic ambient
lighting levels.

Thedraft ENERGY STARVersion 6 (ENERGYSTAR 2014) includes an updatetestmethod for
ABC. On-mode power consumptidar TVs with ABC is expected be calculated as weighted
average of power consumption at various ambient lighting tleatelare agreed upon by
manufacturers.

1. Effect of ABC on Orrmode Power of ENERGY STARqualified TVs

Most ENERGY STARqualified TVs over 40 inchbave ABC settings enabled when shipped
which reducehe averagen-mode power consumptidor these modelsActivatingABC as the
default setting fosmaHl ard mediumscreersize TVscould reducen-mode powerfor those
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modelsas wellOn averageABC setting saveup to 30%of on-mode power although the savings
vary among manufacturers and TV modelsording to a data set from ICF International, which
has povided technical and analytical suppotth®ENERGY STARprogram 17% of ENERGY
STARqualified LCD and PDP Tyhodelsdo not meeENERGY STAR ¥rsion4 criteria with
ABC disabledn patrticular, inppearshatshipping units with ABC enablsa@neffedive optionto
reduce ormode power ofCCFL-LCD TVs and PDP TVs:igure ESL2 shows the different profile
of on-mode power for ENERGY STAgualified TVs with ABEnablednd with ABQlisabled

On Mode Power of ENERGY STAR Qualified TVs (Mar 2011) On Mode Power of ENERGY STAR Qualified TVs (wo ABC)

o H
11111 1500 1000 1500

Figure ES-12. On Mode Power of ENERGY STAR TVs with ABCenabled and with ABC
disabled

J. Summary of Energy Consumption in TVs

Based on the findings from the analysis not expected that significant increase in energy
consumption in omode of global TV stocksill happen becausef the largescale transition
towardLED-LCD TVsandrapid efficiencymprovementn TVs,in spite of he projected growth

in screen size and TV saldswever, increasing featureqsag networkonnectiorand fast start
mode is likely to increase energy consumption in standbgfnmede TVs.

Modes Contribution 2010 2014
from
on Normal global stock 168 TWh 171 Twh
3D mode global sales 0.020.04TWh 031.2 TWh
NetworkSandby global sales 1.09.6 TWh 2.726.9 TWh
Standby Fast Start Mode global sales 2.67.9TWh 3.919.3 TWh
Data Acquisition global sales 0.20.7 TWh 0.31.0 TWh

Table ES2. Summary of Energy ConsumptiorfForecastin TVs
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1. Background, Scope, and Methods

The U.S. Department of Ener@OE) commissioned the International Energy Studies group at Lawrence
Berkdey National Laboratory to undertake this technical analysis of television (TV) efficiency in support of
the Supeefficient Equipment and Appliance Deployment (SE#lgtive The subsections below describe
SEAD, the scope and data sources for thieqir@nd the organization of the remainder of this report.

1.1.SuperEfficient Equipment and Appliance Deployment Initiative (SEAD)

The SEAD initiative aims to transform the global market by increasing the penetration of highly efficient
equipment and afjgncesSEAD is a government initiativehoseactivities and projects engage the private
sector tarealizethe large global energy savings potémralimproved appliance and equipment efficiency.
SEAD seeks to enable higkiel global action by informgi the Clean Energy Ministerial dialogue as one of

the initiatives in the Global Energy Efficiency Challenge. In keeping with its goal of achieving global energy
savings through efficiency, SEAD was approved as a task within the International Patrenshngpy f
Efficiency CooperatioghPEEC)in January 2010

SEAD partners work together in voluntary activitdi
efficient appliances and equipment into the market through cooperation on m&asuresntives,
procurement, awards, amdearch and developmaR&D)i nvest ment s ; (2) oOraise t

working together to bolster national or regional policies like minimum efficiency standards; and (3)
0strengthen thensdfboti eorcoygrfaomendcdayt icoordi nating
activities.

Althoughnot all SEAD partners may decide to participate in every SEAD activity, SEAD partners have
agreed to engage actively in their particular areas of interest througmemmmhitfinancing, staff,
consultant expertandother resources. In addition, all SEAD partners are commigthdreoinformation,

e.g., onmplementation schedules for and the technical detail of minimum efficiency standards and other
efficiency progras. Information collected and created through SEAD activities will be shared among all
SEAD partners and, to the extent appropriate, with the global public.

As of April 2011, the governments participating in SEAD are: AudBralzl, Canada, the Europea
Commission, France, Germany, India, Japan, Korea, Mexico, Russia, South AfricneSuleitkh Arab
Emiratesthe United Kingdomand the United States. More information on SEAD is available from its
website alittp://www.superefficient.org/
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12. Scopeand Methods

The objective of this analysis is to identify pot@itiaffficiency improvements atiadir incremental costs

as well as to provide initial global apndntryspecific estimates of totaleegy savirggpotential. The
overarching goal is to provide relevant and appropriate information to support design of appropriate policy
programghat willaccelerate the penetration of sbicient TVs.

Efficiency Improvements Analyzed

This repordefines three categories of potentialefiiciency improvemernmnarket, economic, and technical.
Theanalysis addresses market and economic efficiency improtfehangechnically feasible, practical to
manufacture,na thereforeould berealized in thehort termin additionwe discussignificant technology
trends to provide a picture of the future TV ntaske analyze technical improvements that are feasible in
the short term, but we do not analyze in detailt@ngtechnical efficiency improvemeethat would
require R&D investmen®ur analysis compares future TV energy consumptitwd@cenariosa base
case, which assuntggions that areommon inma nu f a c t ur are snplementerdatgpessof

TV models and a efficiency case,hich assumethat all coseffective efficiency options are implemented
for targeted'Vs, e.g.entrylevelmodelsn 32 to 42-inchliquid crystaldisplay (CD) TVs. LCD TVsin the

32 to 42inch size rangare expected to account fdvout 60%of the gldal TV market in 2014, and
according to an expegpproximatelg0% to 70%of models in that size range eséimatedo beentry
levelmodelsWhile the cosgffective optionso improve efficienciglentified in this repodpplyregardless

of screen ge some TV models at the higher end of the large screen sizes already employ these options

Data Sources

The analysis team obtained the data for this reportHeofallowing sources: review of literatnctuding
technical reports; countspecific datbases (i.e., U.S. ENERGY STAR and Energy Conservation Center
Japa)) international conferences and exhibitions; and interviews with manufactuexerts in the field

The experts and manufacturarerviewed havé to 15y e a r s dce énthe EVindustry, and their
collective expertiseoversthe entire TV market,includingcathode rayube CRT)/ LCD/ plasmadisplay

panel PDP)/ organiclight emitting diode QLED) technologiesR&D planning, and TV testinGhe
identities of thexpert andnanufaairer sourceare keptonfidentiabtthei nt e r vequestieeeasseé of
business competitivenessicernsThereforewhen information from these sources appears in the report
text, it is attributed simplydoma n u f sGa rtexpérssd r

Energy SavingdViodeling

Energy savings modeling in this report is supported by the Réit&mergy Analysis System (BUENAS)

which is an endse energy forecasting model developed by Lawrence Berkeley National L@Bdtajory

and supported by the Collaborative Labgedind Appliance Standards Progf@imASP) BUENAS is a
Obottom upd6 model t hat calcul ates energy demand
product typesThe modeluses a basic activity/intensity approach, first calculatiggahtityof a given
appliancdypein each country in each year (Module 1) and then multiplying by unit energy consumption in
each scenario (Module 2). A third module calculates the impact of efficiency programs on the national stock
of appliances by tracking saed retirements. Figurellshows the structure of the BUENAS analysis.
Chapter 5, Estimates of Energy Savings Potentials, gives further detail.



Module 1 - Activity Forecast

9 National Macroeconomic Variables

Activity Model

Module 2 -Unit Energy Savings Potential
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Module 3 — Stock Accounting

‘ Global Savings Potential

Source: McNeét al.2008
Figure 1:1. BUENAS Analysis Structure

Analysis Method andBUENAS Data Inputs

This reportprovideddata inputgelevant to efficiency scenario and cowspiegific market forecasfor
BUENAS Modules 1 and2 h e r dam@malysissased omglobal/regional TV market data, efficiency
improvement options collectétdm various sarces and TV oAanode power data from ENERGY STAR
andthe Energy Conservation CentdaparfECCJ. Figure 22 shows the structure of data analysis used in

this report.
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Figure 1-2. Data Analysis Structure



The TV market datarebased on DisplaySearcha@arly Global TV l8pment and Forecast Reports (Q1
2010Q1 201). The reports provide TV market data according to screen technology, region, screen size,
brand, and LCD backlight type. The forecast extends to the year 2014, and regivaakdathora

surveyof eightregions: Asia Pacific (AP), China, Eastern Europe J&®nlatin Americal(A), Middle

East & Africa (ME&A) North America (NA), andVestern Europe (WEPata are not provided on a
countryspecific basis except for China and Japaa.fdraindia are provided separately by DisplaySearch.
The authors of this report were not able to refer directiyhtey counti e TS/ dmarket data, so some
simplifying assumptions were used to estimate TV shipments (or sales) fdASExaEa forBrazi| China,

Japan, and India wetaken directly from DisplaySearcin accordance with recommendations from
DisplaySearchye assumed thah estimated 89% of LCD TVs shipped to North America go to the U.S,,
and Canada makes up the remaining 11%. For otheries, countrgpecific factors are assumed from
discussion with manufacturers and experts. Those factors are based on recent LCih BEABIE.

The countryspecific factors are applied uniformly to all TV product categorieGCRFDP, and OED.

Each countryds TV shipment growth rate from 2010
defined by DisplaySearEretails for the TV market are discussed in ChapteraiRétAssessment.

The TV onmode power data used in the anadysifom the ENERGY STAR T\gualified productist
posted onwww.energystar.gtdlovember 1, 2010 (ENERGY STAR 2040yl March 22, 2011 (ENERGY
STAR 2011)0On-mode power data from ENERGY STARalified productmay be lessthan TV power

data inother regiog dthough these dabaclude hundreds of TV models and represamajority of the &

TV market. This analysis also refers to and¥h@ower data set provided B¢CJ Althoughthesedata do

not include omMmocde power values measuredh®sIEC 62087 standard, they do include rated power of the
products listed, including CRT TVs. All of ounuode power analyse PDP and LCD TVs$s based on

the ENERGY STAR list, and additionally this report analyzes @nsbligtibetween rated power and on
mode power from the Japanese dataAppendix B, Data, Methods, and Assumptions, pressatisaf
thedata analysis

1.2.1Efficiency Improvement Potentials

Market Potential (included in base case)

Sathaye and Ph&dqR010¥% definedmarket poteniieh manner that, if applied to the current analysis, would

refer tothe changes in energy efficiency that might be expected to occipradibsednarket conditions.

Our market potentia@nalysis is based on broadnetigy trendén and recent manufacturer roadmaips

efficiency improvement These improvemendse typicallya result ofmarket demandstrategic product
developmentand expected future trends in efficiency standards and labeling pWwegraroiside irthe

category ofmarket potential thogechnical optiamor trend thatareexpected t@aveenergywithout any

additional policy intervention. For the purposes of this analysis, all such options are included in the base case.

Economic Potential (included in efficiency case)

Energy efficiency is limited by factors (often referred to as market failures) that relate to markets, public
policies, and othénfluenceghat inhibit the diffusion of technologies that are (or are projected to be) cost
effective fo users. Amelioration of this class of market imperfections would increase efficiency to a level that
Sathaye and Phadke (2010) labehomic potentiaEconomic potential represents the level of energy
efficiency that could be achieved if all efficiampyovement optionsvere implementethat are cost

effective fronthe consumepoint of viewAlthough our economic potentsalalysis discusses some options

for efficiency improvement that require additional R&D investment, it focuses primarily onthgitions

11 This report is analyzing only those countries that were members of SEAD aslof CEM
12 sathaye and Phadke (2010) define market and economic potential for greenhouse gas mitigation technologies. We adapted these
definitions for our study of TV efficiency technologies.


http://www.energystar.gov/

requireremoval ofmarket imperfections rather than logign R&D investment.

Technical Potential (discussedbriefly, out of the scopeof this analysi9d

Even if all market, institutional, social, and culbaraierswhose removal is castfectivefrom a societal
perspective werdiminatedsome technologies might not be widely used simply becawseuttistill be

too expensiv8.echnical potentigdthe maximum technologically feasible ekenhichefficiencycould be
improvedthrough techalogy diffusionOur study does not address these options in depth because it is
intended to provide timely suppfit SEAD-148 decisiormaking. It thereforfocuses orechnicabptions

that are expected to be commercialized in the shorateraoes ot attempt an exhaustive analysighef
longterm technical potential for energy savings inHMgever, wealiscuss seleoptions that fall into the
category of technical potenéiatl thatequie R&D investmento provide context where appropriate.

1.2.2 Technology Trends

Our analysisf recent TV technology trenficuses omprojectingthe impacts of these trends on TV energy
consumptionSince oughlythe mid2000s, the TV industry has been experiencing a significant market
transition from tradibnal CRT TVs tdlat paneldisplay(FPD) TVs, including LCD and PDP TVihe
adoption of FPD TVs has mainly beendriven by advanced picture quality, growing screen size, and
innovative manufacturing processesvevernew technical challenges ratatedhot only toimprovemers

in display technologVheyalso include overarchiliigstyletrends that could redefine the product itself, for
examplghreedimensional3D) TVs andsmartTVs (orconnected'Vs). Thesannovationsaddnew roles

and functionaliésto existing screen technologies such as LCDs, PDPs, and @bEfstrends and their
relativemagnitudevithin the overall TV market will have considerable impact on total energy consumption
from TVs Both of thesetrends are discusseddetail inChapter 3TV Technology Trends and Energy
Consumption

1.2.3 Factors Affecting TV Power Consumption

In general, TV omode power consumption correlates diiplayscreen areadditional minimum power
consumptionis attributable taondisplay componentsuch aghe digital signal processing unit, audio,
interface, and power supply unit (P@&Bunhofer 200y Becauséhe minimum power consumption varies
with features or performance other than screen size, this component needs to be sepsidégb@n-
mode power consumption catso becontrolled byambient light sensindepending on various external
light @nditions, andy dimming(or autepower control), depending signalimaga This report uses a
simplified formula in calculating-mode pwer Tablel-1 showskey factors affecting TV anode power

Ca

YOI AR 6D 0 éé (P1)

13 This simplified formula might not be appropriate to deal with TVs witiomaldntegrated functionality. For other functionality
such as video storage and digital tuadditional termneed to be included, i.e., Yol Q0 00 0

] . (Fraunhofer 2007f) However, according to IEC 62087 Ed 2, the functionalities included inare supposed to be
deactivated during the GNode powemeasurement process.



Technical factors thaffect 0 Technical factors that affe@t

9 Panetechnologies (LCD, PDP, OLED, etc.)

1 Panel efficiency (cell design, materials, driving schem
9 Backlight unit efficiency (light source, films, etc.)

9 Screen size

1 Efficiency of power supply unit

1 Resolution

{ Frame rate

Table 1-1 Key Factors Afecting TV On-Mode Power

1 Resolution

9 Frame Rate

9 Digital signleprocess

1 Efficiency of power supply unit

A] Reference Power:||-1++ v+

Reference power is not directly affected by screehusitemainly determined by image signal process
According to manufacturers, reference power in a normal TV set is between 18 watts (W) and-25 W at on
mode power measurement. Taklssthows technical factors that affect TV reference power.

Technical factors that increase Technical factors that decredse

1 High resolution

9 High frame rate 9 Development of systelawrgescale integratioh $I)14
1 3D image process (100nanometersim|>65 nm>45nm>30nm)
9 Advanced image algorithm 1 Power reduction algorithm

1 Multi-purpose screen (ganinternet)

Table 1-2. Technical Factors thataffect TV ReferencePower Consumption

This reportassumes that the average reference ponsumption (s is 20 W for TVs analyzed for the
year 2010 even thoughRvaries with TV specificatiéh This is because e individual effect of each
factor on reference power is not fully assessedsareesult dimited dataand 2) itis difficult tobreak
down market share off Vs according taadditional functionality. This report assumes that technology
improvements can reduaggsiover time.

The technology options discussed this anadysifocusedon power consumption of disEalPuisplay
excluding nowlisplay componentasdescribedy equatior(2) below, rather than that of the TV sets as
described inequation (1) above. Therefore, it is necessary to convert display power consumption
improvement potentials to equivalExtpower consumptioimprovement potentials.

0 YOI DRG0 €6 (2)

where B,...isexpressed in \perscreerarea.

14 Large Scale Integration means the process of manufantagrafed circuitsy integrating thousands of transistors into a single
chip. 0XX nm ( nano nhetdnolsdy geparation;esrsalied nuinberd are thateed.

15 U.S.EPA ENERGY STAR Versionréquirements specify the following valuesfgeffom the Raxequation: 5 W for TVs with
screen area less than 275 square inches (equivalent to 1,774 square centimeters), and 25 W for TVs with lsSoreemysrateequa
than 275 square inchiesthe European Union labeling prog@&nergy Efficiency IndefEEI), Poasicis as follows: 20 W for TV
sets with one tuner/receiver and no hard disc; 24 W for TV sets with hard disc(s); 24 W for TV sets withorsvo o
tuners/receivers; 28 W for TV sets with hard disc(s) and two or more tuners/receivers; and 15 W for TV monitors.
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Screen Technologies: LCDPDF, and OLED
This report focuses on technology options and efficiency improvement pdtergisen technologies.
Because market forecasts indicate thatdr@ PDP TVswill account fomore tharf0% of the global TV
market from the year 20fkward our analysis focuses on these two categories of products. In addition to
LCDs and PDPswe alsodiscussOLED displays as an emerging technology. In terms of screen size
associated with improvement options, the analysis focusest@d&ach (81.&m) lightemitting diode
(LED) backlit LCD TVs, 420 50¢inch (106.7to 127.6cm) PDP TVsand 30to 42-inch (76.2to 101.6cm)
OLED TVs because of their existing or expected market signifidetadls.are discussedGhapter 4, TV
Efficiency Improvenmd PotentialsThis reportdoes notliscuss Surface Emissive Display (SED) technology
because the authors did not see any positive sign from the industry about technological progress or market
availability of SED in the short term.

Power Management

Thereare two types obn-modepower managemetdchnologiesor TV screea One isAuto Brightness
Control ABC), which detects ambient ligimtddims thescreen in low light conditi@More than60% of
ENERGY STARqualified TVSENERGY STAR 201) have this foction enabled by default when shipped.
On-mode power of TVs with ABC is weighted by the effect of AE€analysigiscussasABC inChapter

6, Further Discussigmut does not addresschnologicalietailsandtheir coss The othelon-modepower
managment technology is backlight dimming of LCD TWsile mpwer consumption of PDPs and
OLEDs varies witHuminanceof signal images, conventional LCD backligtdscapable obcomplete
dimming or dine dimming and ecent LED backlightg takes advantagé docal dimming of LED
lamps, depending on image soufdes. report discusseémming technology and corresponding cost for
LED backlight unit¢BLUs)in Chapter 4, TV Efficiency Improvement Potentials

C] Screen Area

Average screen armsaexpectedotincreasewhile Psceen(W/cme or W/in2) will be improved by various
technology optionsThe average screen size (diagonally measueggdedted to increase from 3@ches

(82.0cm) in 2010 to 34.inches(87.4cm) for all regionsn 2014. However, erage screen size is also

expected to saturate at some level after the year 2014. Technology options discussed in this analysis are
relatedto unit power consumption (W/screen arieg)the mainscreen sizefor each screen technology

Figure 13 showsdat from the recent past as well dsrecast oftotal displayarea(in thousand square

meter¥for TV shipment®f new TVs. The figure also sh@wverag@V screen sizgn inchey
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Figure 1-3. Global Aveage TV ScreenSize(diagonal) and Total Screen Are&orecast

Standby power, viewing hquaad TV sales affect tofe energy consumptioWiewing hours may be
affected by technology trends, e.g., integration of internet/gaming functions into TVs, and cosiglemer life
changes. Annual TV sales will &fected by many variablesluding a @i oetdhsmic status
market treng and relevant policy instruments

D] Standby Power {ly «&.

Most recently available TVs consieas thard W in passivestandby modeherefore, this analysis does not
addresspecific technology optiofar standby powerandstandby poweis not included inestimates of
potentialenergy savisgHowever, e recentgrowth of smartTVs (or connectedTVs) may drive up
network standbyehturesindd q u i ¢ kin whithaserderdand circuits are kept ready to be turned on within
a couple of secondsccording tahe EuP Preparatory Stufiyraunhofer 2010(pst start options consume
over 25 W i ror aoinpbek ©VsThis iasnetidy pecome more importantcasnected'Vs
become morgopularand may contribute significantly to TV energy Tlse. report discusses standby
power and energy useonnected’Vsin Chapter 6, Further Discussion

E] Average Viewing Time

Average viewingime and number of TVs per household are major factors affecting total energy
consumption. Although further research is necessary to fully analyze these trends, we tried to identify recent
countryspecific data for average TV viewing thaeording to thénternational Energy Agency (IEA) 4E
Mapping and Benchmarking rep@®EA 201@), viewing hourper unitvary with countrieshe figures for

the UK (4.8h), Australia (7.3f@ndthe Republic of Korea (6.9)ere based on government assumptions.
The EuP Reparatory Study (Fraunhofer 2€)Q which includes many studies that provide data on TV
watching time, concluded that average viewing hours, i.e., -tiaily darationof the primary TV in a
European household, is 4 hours per\déh growing functiordy this average viewing time may increase in
the future.According tothe Organization for Economic Cooperation and DeveloprO&€TH 2009)

aver age 0hous e h dorrdanylcduntiebad beeraingostcornisteneird@er 4 hoursverthe

prior 10 yearsexcepin the US. The averageme r i ¢c an h o vesviachhourseei@a 7 ird2a01 bngl

8.2 in 2007The main reason for tlifferencebetween the U.S. and other counti@ddberelated tadhe
average number of TV sets per houséhditiat 5, onepossible explanationtisat the OECD survey did

not take into accountultiple TVsrunningin a householdit is important to knowthat different

16 The average number of B¥tsper householth 200%or the U.S. was estimated at 2.86 (IEA 2009).



terminologye.g., oftime, viewing timeand usetime mayproducedifferent results isurveysAlthough
average viewing time per TV is a major factor affecting total energy consumption, robuspeaitiatry
data for average TV viewing tipeg unitvaryamongstudiesTherefore, furtheresearch is necessary to fully
analyze these tren@ur analys considersiverage dailyiewing ¢n-mode time per unitandregional TV
shipments or sale&ssumptions for average viewing time are included in Apgeidilq Methodsand
Assumptions

1.3. Organization of this Report

The remainder of this report igyanized as follows:
Chapter2 TV Market Assessmenitdiscusses TV market trends by technology, region, and screen size.

Chapter 3 TV Technology Trends and Energy Consumptiondiscusses the impact of two major TV
technology introductions, 3D/s and intaretenabled TVs, on energy consumption.

Chapter 4, TV Efficiency Improvement Potentials discusses technologically feasible enéfigigncy
improvements that reduce TV energy consumption.

Chapter 5 Estimates of Energy Savings Potentig/presents T\erergy savings potentidiem the
BottomUp Energy Analysis System (BUENAS).

Chapter6, Other Issues Related taPower Consumption and Efficiencydiscusses additional factors and
issueshat affecTV energyefficiency improvemenisit arenot covered in @vious chapters.

Chapter 7, Summary and Conclusionssummarizes the previous chapters and offers conclusions and
suggestions for further research.

Several appendices provide supporting information for this analysis as follows:

Appendix Alists SEAD partipatingcountriesandregionall vV markes corresponding to those countries
Appendix Bdescribedata sources, methods, and the data process for the BUENAS model.
Appendix Cpresents a sensitivity analysis of the eaffigigncy improvement options.

Apperdix D presents &ost of conserved energgalysis of theost effective options discussed in the
report

Appendix E discusses the distinction betwagghtness and luminance.



2. TV Market Assessment

This chaptediscusssmarkettrends by technologggion, and screen skxsed oithe TV market forecast
by DisplaySearch.

2.1 TV Market Forecast by Technology

Global TV shipmentaere248 million units in 2010 arare expected to rea2B8 million units in 2014
according to DisplaySear@011a 2011). Penetration of FPD TVs, such as LCD and PDP TVs, has
increased significanityrecent years. LCD T\&se expectetth dominateagoss the globe, growing from 190
million units in 2010 to 269 million units in 2014. PDP TVs are expected to remaiecaalliney have

3D technologwadvantages over LCD T¥sHowever, in the long run, the sales volantemarket shao#
PDPsareexpected to slowly decline as LCD TV 3D performance and productompogsve OLED TVs

with screen sizes over 30 E&ff76.2cm) are expected to be commercialized in 2012 but are not expected to
be cost compiive against LCD TVs in the short teffine market share &RT TVs will decrease at an
accelmting ratdSeeFigure 21) as major CRT TV manufacturers stop massiptiod in the nex2 years.
Although CRT TVs are expected to remain popular in some emerging markets for cost reasons, major TV
brands are likely to provide more affordable LCD TVs to replace CRT TVs in these Fitanietal

shows global TV shipmentdascreen size forecast by technology.
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Figure 2-1 Global TV Shipment and Screen Size Forecast by Technology

2.1.1LCD TV Market Forecast by BacklightType

According to DisplaySear(?01g, a largescale transition froroold cathode fluorescent lam@GFL)-

LCD TVs to LED backlit LCD TVs$s expectetb happerbetween 2010 and 2080, it is expected that

there will be more demands for FIPUs in developing countries to replace traditional CRT TVs as analog
broadcast phasesit. The rapid improvement in LED technologies tidgen the adoption ofED

backlights for TV application, whichs been regardeda® of the best candidates to meet new energy
efficiency standards for TVs. In line with expected increasing derdeaquid technological improvement,

the production efficiency, or costs, will be rapidly improved as the number of TVs being produced increases.
Supply side factors suctrelatively high selling prices, better margitd reduced logistics costs associated

with thinner and lighter form fact@ealso contribuhgto the market transitioAmong LCD TVs, LED

17 PDPs, as an emissive type opldis have been said to provide more natural images than LCDs in moving scenes, and the
incremental cost of 3D TVs is not significant compared to the cost of LCDs because current LCDs are required to employ high
refresh rate, e.g., 200/240Hz, for 3D TVliappons.
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edge backlit TVare expected tbe the mainstream technology particularly for screen sizes between 20
inchesand 40 inches becaugheir manufacturig coss are lower than those bED-direct backlit TVs
LED-edge backlit TValso have better aesthetic profilee.,a slimmer bod¥igure 22 shows the shift in

relative percentages of LEdge backlit TVs from 2010 to 2(8dme large screen sizessdll expected to

use LEDdirect backlight for higand products becautbeese devicesan employ local dimming technology

that can independently control each LED lamp, resulting in higher contrast ratio and better picture quality.
We discuss this teabal difference furthém Chaptei3, TV Technology Trends and Energy Consumption

uCCFL
LED-Edge
m LED-direct

m CCFL
LED-Edge
u LED-direct

SourceDisplaySearch 204
Figure 2-2. LCD Backlight Migration by Screen Size

2.1.2PDP TV Market Forecast

There has been the market difference between PDP and Ib@Bldgies in relation to screen size. PDP
market is almost entirely composethafe screen size over 40 indAB® TVs are expected to remiail

to 7% shares of global TMdowever, in the long run, the sales volume and market share of PDPs are
expeatd to slowly decline as LCD TV production costs impfayare 23 shows that LCD share in screen

size over 50 inches is expectdubttomdarger than PDP share in 2014.

2014 Global TV Shipment by Screen Size
50"+
6.3%)

2010 Global TV Shipment by Screen Size

CRT

2
/.

1CD
©7.1%)

Source: DisplaySearch 281
Figure 2-3. Global TV Shipment by Screen Size

2.13. OLED TV Market Forecast

The number ofOLED TVs'® hasbeen growingapidlyin smalisized mobile applications, and major TV
brands are adopting OLEf® such applicatiorony introduced an-irich (27.9cm) OLED TV model in
2007 andLG Electronics launched15inch (38.4cm) OLED TV model in 2010 addition the following

18 OLED TVs in this report specifically refer to active matrix (AM) OLEDs. AM displays can independently control eadd pixel, whi
passive matrix displays use an X and Y axis grid to operate a pixel. All LCDs and OLEDs used in TVs are s@eetluon AM
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OLED TV prototypes have been demonstrated at recent exhilStions:y-imch (68.&€m), @ ms un-g 6 s
inch (76.2m) and 4dnch (101.€ m) , a n-thch(78.®mm). A.BD TVslarge than30inches(76.2
cm)are expected foe available iB012 However, according to DisplaySe#2€11a)OLED TVs will not
become cost competitive with LCD TVs in the short,tanmd global shipments will barelgchl million
units (0.20). In a readt report (DisplaySearch 2011f), DisplaySearch expected th&5ifch (101.6 to
139.7 cmPLED TVs will be realized in the marketther tharthe 30- to 3%inch (6.2 to 991-cm) size
band because olow costcompetitivenesdAt the early stage,i$ likely that manufacturers will provide
OLED TVs in 40 to 55inches as flagship magiflable 21 shows the OLED TV market forecabhis
forecast is uncertaiecause athe relative immaturiogf OLED technology.

Year 2009 2010 2011 2012 2013 2014
Worldwide 1.9 0.6 12 560 360.0 1,080.0

Source: DisplaySea@fila unit: thousands
Table 21 Global OLED TV Market Forecast

According DisplaySear(2011y the average market priced6finch (1056-cm) OLED TVs is expected to
be about $800 in thelst quarter of 204 whilethe market pricef comparabld0Oinch (016-cm) LED
backlit LCD TVs is expected tolbss thai$500. Most consumers will not purchase OLED TVs tinetsie
devicesbecome price competitive against LCD TVs, whickxpected to ka more than 3 years.
Consequentlyalthoughwe discuss OLED TVs as a technology of interest from an -effarigncy
perspective, we focpsimarilyon improvement of LCD TVs through 20Hgure 24 shows the average
forecast market price fé0inch (101.6cm)OLED TVs.

$5.000

AN

$4,000

=—¢—40" OLED 1920x1080

$3,000 40" LED-LCD 1920x1080
—@—40" CCFL-LCD 1920x1080

$2,000
e

$1,000

\+ﬂ

Q12010 Q1 2011 Q12012 Q12013 Q12014

Source: DisplaySea@fiillg
Figure 2-4. AverageForecastMarket Price for40-inch OLED TVs®

-

2.2. TV Market Forecast by Region

DisplaySearch provides datadight regional vV markets: Asia Pacific (AP), China, Japan, Eastern Europe
(EE), Western Europe (WE), Latin America (LA), North America (NA)tharMiddle East & Africa
(ME&A). Countries included in these regiondisteslin AppendixA. NA, WE, and China are currently the
largest TV marketanddemand in the AP region ispegted to keep growing as demand for LCD TVs
increases and LCD TVs replace conventional CRT TVs. According to Displd¢8#iacldapads T V
market grew more th&®% in 2009 and 2010 because of the governmeRpkts subsidy program, but

a sharp ddioe is expected after the program ends in E@julre 25 shows the regional distribution of the
global TV market from 2009 to 2014.

19 The market price is based on the typical specification of TV models in the U.S. market.
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Figure 2-5. Regional Distribution of Global TV Marketfrom 2009 to 2014

CRT TVs still havsignificant market share in developing regions such as AP, LA, and ME&A., Hosvever
production of CRTsis expected taecline during the next few yearslthe market price of LCD TMs
expected to becommore affordable to consumers in those regama result, CRTs are expected to be
replaced by L@ TVs Figure 26 shows the regional transitions in TV technologies from 2010 to 2014.

ME&A ME&A
LA LA
AP AP
Chi =LCD China =1CD
na
uPDP = PDP
EE % OLED EE = OLED
WE = CRT WE u CRT
NA m Other NA W Other
Japan Japan
WA WA
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Source: DisplaySeagdl @
Figure 2-6. TV Technology Transition by Region

For LCD TVs, LEDedge backlit TVs are eqgied to gradually replace CQfecklit TVsin all regions
duringthe next few yearsoweverCCFL backlit TVsnaycontinue to have about 20% of the market share
in developing regions because CCFL backlit TVs are more competitive against LEDs imtarke$ of
price. Furthermore, consumers in developing regions replace their TVs less theguientyher regions
adding to the lag in market adoption of L&dye backlit TVE&igure 27 shows the shift in relative numbers
of CCFL, LEDedge, and LERirect TVs from 2010 to 2014.
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Figure 2-7. LCD Backlight Migration by Region

In spite of the market perspective above for developing regaomgacturers expect the tretosvard
increasinglemandio accelerate as the average ehamiice of FPD TVs continues to fall and FPD TVs
become more affordable to more consumers. FRgusbows that average market prices of LCD TVs are
expected to decrease b§63d 40% from 2010 to 201dndthose of CRT TVs are expectedi¢zreasby
alout 23%. Although tlse average price trends represent tentarket, it is reasonable to assume that
other markets will see a similar trend given the global concentration of TV manufacturing.

$450

$400 ~

$350 N \\
—8—LCD (LED HD 60Hz) 32"

\ \‘\
$300 \\ \ —#1CD (CCFL HD 60Hz) 32"
$250 \\‘\‘\\*\K D
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“*—_’
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Source: DisplaySearch 2010f
Figure 2-8. CRT and LCD TVs Market Price ForecasBased on US. models

Major TV brandsire expected provide more LED backlit TV models at lower prices in emerging markets
Manufacturers can accomplish this by decreésngaximumluminancelevel and colareproduction
capabilitywhich reducematerial costfisplaySearch 204). The maximunuminancdevel of new entry

level LEBLCD TVs in emerging markets is lower than that of typical TVs in mature markétstby 23
33%. Thigdecreaseldiminanceesults frontost reduction mea®s, such as reducing the number of LEDs

and using LEDs with low coloeproduction capabiliffhese costeduction measurésverthe maximum

TV power consumptiolthoughprecisely how they affeah-mode power consumption is unclear and
needs furtheimvestigation. Lowduminanceallows manufacturers to ussver LED packagess well as
low-voltage driven electronic parts in the circuitry. In addition, according to manufacturers, LEDs with low
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colorreproduction capability (j.eolor gamu®) are moreefficient than higleolorgamut LEDsAlthough
many tradeoffs might be possible in the complex relationship enevgy efficiency, cpsind picture
quality, tradeoffs between picture quality and efficiepmtuwie quality ancbst are not expecteuliecome
dominant inTVs for markets ideveloped regionghereconsumersire typically moreonscious of quality
than costTable 22 shows new design trends in elg@vgl LEDLCD TVs for emerging markets.

Typical Models Max.Luminance Color Reproductio
Mature Markets 400450cd/n#* >83%

Entry Models in
Emerging Markets
* cd/m2: candelaper square meter
Source: DisplaySearch 291
Table 22. New Design Trends in Entry-level LED -LCD TVs

300360cd/n? 6872%

As mentioned irBection2.1.3, the market sire of OLED TVs is expected to exparttirough 2014
althoughOLED TV market share would Ibelow1% of the global TV marketn the short term, most

OLED TVs will be available in developed regions such as NA, WE, and Japan because the average market
priceis expected to be very higigure 29 shows the OLED TV shipment forecast.
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1000 | ® Asia Pacific

800 B China
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o |  mm | B Japan
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Source: DisplaySearch 2891
Figure 2-9. OLED TV Shipment Forecast by Region

20 Color gamut is a defined complegeof colors commonly represented as areas in the CIE 1931 Chromaticity Diagram or defined
in National Television $gm Committee (1987).
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2.2.1. Emerging Market Forecastindia and Brazil

A] India

According to DisplaySear2009, total TV shipments for India will increase by about 32% from 2008 to
2013, reaching 16.7 million unithjch represerdbout35%of total predictedTV shipmentdor the AP
region outside of China and Japan. In addition, LCEafBvesxpected wvertake CRT TVi® Indiaduring

the next2 years. The change wdlke placarticularlyfor small screen sizesbetween 2inch (50.&m)

and 26inch (66cm)-- asCRT TVsare replace@ecausg¢he India TV market accounts 8% to 40% of

the AP regional market, eéxding China and Japan, this trend affects the reg@mabrket transition
toward LCD TVsFigure 210shows the India TV shipment forecast.

50,000

thousands M
40,000
&)/ =—¢—India LCD

30,000

=fl—=India CRT
20,000 India Total
10,000 » e A sia Pacific

O T T T T T 1
2008 2009 2010 2011 2012 2013

Source: DisplaySearch 2009
Figure 2-1Q India TV ShipmentForecast by Technology

B] Brazil

Brazil, another eenging market, is expected to face a market transition from CRT TVs to LGDrimy's
the next few yeathat is 8nilar to that predicted in IradiSince 20Q1.CD TV sales in Brazil halseen

growingsignificany. Annual LCD TV salesreexpected to rea about 10 million unite 2013accounting
for about 45% of theA regional markekigure 2L1shows the Brazil TV sales forecast.

thousands
20,000 ¢
==4==DBrazil LCD
15,000
== Brazil CRT
10,000 + Brazil Total

s | atin America

2008 2009 2010 2011 2012 2013

Source: DisplaySearch 2010
Figure 2-11 Brazil TV SalesForecast by Technology

As discussenh Section2.1, the CRT TV market share is expected to decrease rapidly as major CRT TV

manufacturers stop mass productiverthe next2 years. To replace this CRT demand, major TV brands
have plans to provide affordable LCD ;,Thdsusing on LEELCD TVs
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2.2.2. Market Forecast byCountry

Di s pl ayGloBat BVrShipm&mnd Forecadteport is based on regional TV shipment data and does
not provide countrgpecific TV shipment datacept for JapaandChina Theauthorsof this reportwere

not able to refedirectlyto countryspecific TV market datsp some simplifying assumptiomsreused to
estimate TV shipments (or sales) for SEHAData forBrazil,China, Japan, and Ingiareadopted directly
from DisplaySeardf2009, 2019. In accordance with recommendations fronplBySearchnaestimated
89% of LCD TVs shipped to North America gottee U.S.andCanada masup theremaining 11%-or
other countries, countspecific factors are assumed from discussion with manufacturers andregperts.
countryspecific factorsdbow are applied uniformly to all TV product categ®irRs, LCD PDP, and
OLED. Eac h ¢ @V shtpmentfos salesgrowth ratefrom 2010 to 2014 is the same as that of
corresponding regiomable 23 shows estimated TV shipmefussaleshy countryfor 2010 and Figure-2

12 showsshipmen{or salg) forecasts for SHA-14and China

Country Ejmggﬁec?f units Shipmentg Assumed TV Shi_pments

in millions (M) or Saleg Factor from DisplaySearcl2Q11a
Australia 7.3M Sales 0.2| Asia Pacific 36.6M
Brazil 10.9M Sales 1| Brazil
Canada 4.7M Shipmerd 0.11| North America 42.7M
China 45.2M Shipmerd 1| China 45.2M
France 8.5M Saleg 0.2 | Western Europe 42.3M
Germany 9.7M Saleg 0.23| Western Europe 42.3M
India 13.9M Shipmentg 1| India 13.9M
Japan 24.1M Shipnents 1| Japan 24.1M
Korea 5.8M Saleg 0.16| Asia Pacific 36.6M
Mexico 5.9M Sales 0.24| Latin America 24.5M
Russia 7.2M Sales 0.45| Eastern Europe 15.9M
South Africa 1.4M Sales 0.09| Middle East & Africa 15.4N
Sweden 1.3M Sales 0.03| Western Europe 42.3M
UK 10.6M Sales 0.25| Western Europe 42.3M
USA 38.0M Shipments 0.89| North America 42.7M

SourceDisplaySearcl2Q092011%anda ut hor s a s s intapi¢ws with marketmg expertsdrom the industry
Table 2-3. Estimated 20107V Shipments (orSale$ for SEAD-14and China*

21 Because of timing factors and different methods of data collection, it is difficult to identify a precise relatiomsiig betwee
o0sehb (shi pmentthsr)o uagnhdd T(\s adlseesl)l i n a r e g iatechto emchether. In gemaray iV t he s e
shipment data do not necessarily correspond to TVs sold in the given year. TV sales data are usually collectefdsaleH®ypoint o
retailers, but the data may not capture all retail stores or online chémmedgiam. In addition, several timing factors can skew the
relationship between selland selthrough data. For example, a TV set shipped at the end of the year may not arrive at a distributor

or a retail store in the same year; as a result, existirfgpatogievious years may be included in the sale records of any given year.

For these reasons, TV shipment and sales data are not directly comparable. Although we should be careful not toofnix two types
data setsvithin one region, in some cases the skettaised variganongregions. In Table-2, the data for Canada, China, India,

Japan, and the U.S. are forshipmentsthe data for other countries are forsgles
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Figure 2-12. TV Shipment(or Sale3 Forecast for SEAD14and China

Estimates of global and courtpecific energy saving potentials will be basdétecabovelV market
forecast datdetails are discussedChapter bEstimates of Energy Savings Potentials

2.3. TV Market Forecast by Screen Size

Average TV screen size across the ggabgected timcreasdy 6.5%from 324 inches(823 cm)in 2010

to 347 incheg(88.1 cm)in 20141n some regions sues EuropeandChinahoweverpnlya small increase
in TV sizes fronl.5% to 2.4% is expected durinbis period Regions such & (excluding ChinaYJE&A,
and LA will see a significant incredsescreen sizérom 9.36 to 21.3%. However, according to
DisplaySearc(201Lf), screen size preferences in developed regions are expected toos&btiire
because home space is one of the limiting factors for screen size growth. In developing regimns, growth
larger scemn sizes correlates with economic growtldaakase in threarket price of larggzed TVs. At
present, 3thch (81.&m) TVsdominatan developed regiarend 46inch (116.8&m) and larger sizes have a
significant share A and China. It is expecté#thtthe 40 to 42inch (101.6to 106.7cm) size band will
becomemare popular duringhe next several yeddgveloping regions, includiAg, LA andME&A, have
historically been dominated by @021-inch (50.8t0 53.3cm) CRT TVs, buthese regionare expected to
experience shifts in average screen size fr@firth (50.863.3cm) bandto 32inch (81.&m)with the
rapid penetration of LCD TVBigure 213 shows a recent forecast for screen size trend by region.
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Figure 2-13 Screen Size Trend by Regio

2.3.1. Screen Size Increase and TRbwerConsumption

The average energy consumption per TV is expected to increase with progressive increases in the average
screen size of TVs sold. According to DisplaySearch)(2012010 the total display area by total TV
shipments(248 million unifswas 79 milliom?2 (0.32 na per uni}. The total display area in20s expected

to be 104m2 for 292 million unit$0.35 m per unit) Figure 214 shows average screen area pierand

global TV shipments by technology for 2010 and 2014.
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Figure 214. Global TV Shipments and Average Screen Area by Technology for 2010 and
2014

Based on the averageroade power of 2010 TModels, we can analyze the impact of increases in screen
size and TV sales on TV powensumption. Although the average screen size and area for all technologies
are expected to increase, the average screen area-fdCDHVYs is expected to decreas¢he market

share increases in smaller screen Bezzsise LER.CD TVs are expected to dominate the market and are
more efficient than CCHLCD TVs, it seems that the impact of increase in screen size and TV sales on the
total onmode power is not verygeificant, from 17.9 GW in 2010 to 18.7 GW in 2014. As a result, the
largescale transition from CCHICD TVs to LEDLCD TVs areexpected to reduce the impact of
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countervailing trends in screen size and TV sales on total TVcpaggmptionFor OLED TVs the
average screen simecastat the early stageas not beercertain. A recent DisplaySearcheport
(DisplaySearch 2011f) expected4bato 55inch OLED TVs will be realizeétom the yea2012forward

while the previous reportsom DisplaySearcforecasted that 320 40inch OLED TVs would be
commercializeth 2012 At the early stage, it is likely that manufacturers will provide OLED TVs over 40
inchedor flagship model Table 24 shows the average screen area per unit and avenaggegrower by
technology, assuming that there will befimemcy improvemenip to 2014. Figur@-15 shows the total
on-mode power consumption multiplied by total TV shipments.

2010 2014
EEI Average Average on | EEI Average Average on
screen area | mode Power screen area | mode Power
per unit per unit
(m2/unit) (m2/unit)
OLED 0.247 0.06 11w 0.247 0.73 83 W
PDP 0.436 0.59 120 W 0.436 0.63 127 W
LED-LCD 0.356 0.39 67 W 0.356 0.34 59 W
CCFL-LCD 0.467 0.31 2W 0.467 0.29 68 W
CRT 0.725 0.13 55 W 0.725 0.12 52W

Source: Authords cal cul adganddDisplaygSeachd80l1dn ENERGY STAR 2011
Table 24. Average Screen Area per Unit and Average -®tode Power for Technologies
without Efficiency Improvement
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14 - — mCRT
12 1 —— ECCFL-LCD
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8 ——— mPDP
6 ——— mOLED
4 +— —
> |
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Source: Authoro6s cal cul agandDsplagSeadhd0lld n ENERGY STAR 2011
Figure 2-15 Total On-Mode Power by TV Market Forecast without Efficiency Improvement

If we apply the basmse efficiency scenario used in this report, the averagele@mower for each
technology decreases, #mal total oamodepower bynew TV shipments also decreases from 17.9 GW in
2010 to 12.7 GW in 2014. As a result, combination ofstzaige transition between LCD backlight
technologies along with efficiency improvements will negate the impact of countervailing treeds in sc
size and TV sales on total TV power consumpiadiie 25 shows average display area per unit and average
on-mode power forecast with efficiency improvement.
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2010 2014
EEI Average Average on | EEI Average Average on
screen area| mode Power screen area| mode Power
per unit per unit
(m2/unit) (m2/unit)
OLED 0.247 0.06 11w 0.183 0.73 61W
PDP 0.436 0.59 120 W 0.314 0.63 92 W
LED-LCD 0.356 0.39 67 W 0.239 0.34 40 W
CCFL-LCD 0.467 0.31 72 W 0.322 0.29 47 W
CRT 0.725 0.13 55W 0.653 0.12 47 W
Soure : Aut hor ldased oneEENERGY ATAR 2ffdnd DisplaySearch 2011f

Table 2-5. AverageDisplay Area per Unit and Average O+fMode Power for Technologies
with Efficiency Improvement
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4-'

[ N .

2010 2014 (No improvement) 2014 (Base Case)

BCRT
mCCFL-LCD

LED-LCD

EPDP

mOLED

Source: Authords calcul ation
Figure 2-16 Total On-Mode Power by TV Market Forecast with Efficiency Improvement

Impact of Standards on Countervailing Screen Size and TV Sales

Progressive increase in the size of TVs sold is expected to increasé\apessge consumptionn the
absence of efficiency improvements, geer® power consumption would increasaboyt 190 as a result
of the expected% increase in screen size between 2010 andra@IdaximumTV power consumption
allowed nderENERGY STAR ¥rsion4 criteriais shown in Table-8.

0,
Average Screen Size (worldwide 324 inches 347inches 7.006
Average Screen Area (worldwid 4482 inche 5141 inche 14.7%
US ENERGY STARVersion 4 Prnat=79 W Pmnax=87 W 100%
Pma#=0.120 A+ 25, (A: sq. in., AO275)

Table 2-6. Increase in TV Power Consumption Corresponding to Predicted Increase in
Screen Size

However, new efficiency standards suéiNERGY STARVersion 5are expected to negate the effect of
TV screen size increase on eneaggumption. Assuming that all TVs that are/will be shipped will
meet the highest ENERGY STAiRteriafor their screen size, annual energy consumfurototal TV
shipments can be estimatedta®mn in Figure2-17. If we assume that all TVs saidNiorth America from
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2012 to 2014 qualify f&INERGY STARVersion5, the annual'v energy consumptidrom 2010 to 2014
is expected to be lower than the aasehichall TVs qualif only for ENERGY STAR ¥rsion4, despite
expected increases in screeresidel’V sales.

2010 2012 2014
Average Screen Size (North Ameri 360inches 378inches 392inches
Average Screen Area (North Ameri 553.4inch? 610.1inck? 656.1inch?
TV Shipments (million units) 42.7 47.7 52.4
US ENERGY STAR VERSION 4 Pmax=91.4W - -

US ENERGY STAR VERSION 5

Pmax*=69.2W

Pmat*=73.1W

Pna¥=0.120 A+ 25, ( A: s ga*=0i084.A+18A0s2. 15 )27 POAO1, 068
Source for average screen size and TV shipments: DisplaySearch 2011a

Table 27. Increase in Screen Size and TV Shipments for North America
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Figure 2-17. Effect of Forecast Screen Sizand North America TV Shipments on Energy

Consumption®

22 |t is assumed that average daily viewing time is 5 hours, and average stansitiyMdower i
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3. TV Technology Trends and Energy Consumption

Two recentsignificantTV technologytrendsare 1) adoption of 3D technologyand 2) development of
internetenabled TVs with advanced fundjasdknown asSmartTVs

3D TV technologies are nggtmaturethey requirghe viewer to wear glasses, 2ddontentis notwidely
availableHowever, mice largsize( 4 0 BPP )TVswerecommercialized in the ea2§00s, both LCD and

PDP TVs have overcominage qualitissuesallowing3D technologyo becane a new technictdature

that manufactureese using to market their produdf@ TVs are still expensive andinly used as flagship
products. However, experts and manufacturers expect the technology to continue to improve and to be
available irntry or midlevel models in the near futu@urrent 3DLCD TVs require high refsh rate

over 200/24Mertz Hz) to successfully generate coheghimagea In general, 680% of lightis lostin

3D mode of a3D-capableTV, whencompared tahe luminance in 2D mod&his loss may result in
brightnesgerceived by the viewer in 3D mdmenglower thanthe brightnesgerceivedn 2D mode
althoughthe actualuminanceof the screen may stay the sanabovefor a constant effective brightnass

3D modez As 3D perception renders the image subjectively brighter thechnically isanecdotal
evidence from manufaots suggestbat the minimuntuminancdevel rguired for an image formég a

3D TV to be acceptabte viewerdn a dark roonis expected to be at le86tcandelas per square meter
(cd/m2) whilethe maximuntuminancecurrently achieved Iypical2D-only LCD TVsis between 40and
500cd/n® (Chung 2010)Some of existing 3D TVs automatically detect and boost brightness when 3D
content is displayetihis does not imply that 3D capable TVs use more energy than 2D TVs when viewing
2D images, it is in 3D medhat additional energy is uddolwever3D content available to consumers is

still limited which makes it hard to project viewing hours for 3D comsa manufacturers and experts
expect such issusbe overcome in a few years as both 3D tedfiasland screen efficiency are improved
over time

Connectedrl'Vs (or Smart TVerequireadditional features for network connectivity ath@nced hardware
components such as a central processing unit,(@®@phical processing unit (GRdY memorythese
componentanayi n cr e a s epowerhbg a few wattlicseased penetration obnnectedl'Vs may
encourageonsumers to bugrgerscreensindextendviewing hourén order toenjoyscreeawith multiple
functionswhich will also increase Bwiergyconsumptionln addition, local dimminmethods will not be
very useful in lowering power consumption for white internet scieeaddition to ormode power,
connected Vs have the potential to increase standby mode power, allowing kieepréady tde turned
on within a few secondss a resulif both 3D TV andconnectedV functionsare incorporated into entry
level TV models,the resultingincreased energwill to some degree offsebnsumptionefficiency
improvemergin TVs, as summarized in Teab1.

23 Luminance refers to a photometric measure of the luminous intensity of light per unit area travelling in a givenrarka, a measu
value from a photdetector described in a form of candela per square meter3.(Bdightness is a subjectiveitaite of visual
perception elicited by the luminance of an object. It does not necessarily correlate with luminance in a linearesdat@ilSée mo
Appendix E.
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On-ModePower(watts) TotalEnergy Consumptiofwvatthours)

(+) advancd hardware for 3D image

3D TV processing (+) viewing hours for 3D content
(+) high refresh rate over 200/240Hz (uncertain)
(+) compensation fodecreaskbrightness
(+) advanced hardware in CPU, GPU, ani (+) possiblancreasén usagelue to
memory _multlplefu_nctlons
SmarfTVv (+) large and ide screen (1649 20:9 (+) increase in web server usage

(+) increase in standby power use wi
fast start options

(+) increase inatwork standby power
use

Table 3-1 Effect of 3D TV andSmartTV on Unit Efficiency and Energy Consumption

(Connected TV] () whiteinternetscreens

(-) blackor dark internet scrednsth
dimming techniques)

313D TV

In the followingsubsectios, we discuss the current statfisand future forecasvr 3D TVs in the overall
TV market, the status of current 3D technology, the direction of future development in 3D teahdology,
the likely impact of 3D technology Dvi energy consumption.

3.11.3D TV Market

Sincethe conceptof stereoscopic image formatwas introduced ana mirror stereoscope vieweas
developedn 1838thebroader3D industry has been growsigwly?4 Recentsuccesss of 3D movies have
whettedconsumes @ppetites for th8D experience anthtalyzed the expansiontbé 3D marketto TV
(Chung 2010Althoughonly limited3D conentis available tdV consumersFPD TV penetratioin new
TV saless nearly 100% in developed regi@isplaySearch 20)0and TV retail pricesrecontinuing to
fall. In view of these trends3D TV may be used by manufacturers to bddssales irtheseregions
Growth in the3D TV marketwill need tobe accompanied bgvailableontentand internet connectivity
improvementsilthough 3D broadsiingwas scheduled to begin ag@i0 in some countrje&velopment
of 3D contenwiill require further investment.

According to DisplaySear(20119, 3D TV demand is expected to b2 fillion units in 2010 and 91.5
million units in 204, which isa 326 sharef the globallV shipment forecasby DisplaySeardor 2014
Becaus¢he 3D TV market is adnearly stage and the corresponding technologies set nutue, these
forecasts anencertainTable 32 shows the 3D TV forecast for 2010 to 2014.

24 Stereoscopic image formation refers to the phenonremdrichthe human brainreates perception of depth (necessary for
3D) from a composite of the images seen by the left and right eye
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Total 3,192 17,998 42,143 68,350 91,520
O3DRP 170 35
m3D OLED 0 1 61 360 1,080
03D PDP 759 3,746 7.329 10,643 12,227
®3p LCD 2,263 14,216 34,753 57,347 78,213

*RP:rearprojection
Source: DisplaySeagdild

Table 3-2. Global 3D TV Forecast by Technology

In the short term, PDPgappear tchave an advantage in 8@ marketbecaus¢heyhave fewepicture
gualityproblem® andhave &3D panel pricesimilarto the price of2D-only panel comparedvith LCDs.
Demand forPDP 3D TVswas0.76million units in 201@Gndexpected to growontinuously td2.2million

units in 2014, mainly driven gsowth inlarge screen sizeHoweverthe PD P i n dveralt nmanked s
share is decliningpit is expeotdthat the3D PDP expansionvill be limitedakthough theroportion of 3D

TVs within the PDP market will be increashiadple 33 shows the 3D TV market share by technology and

screen size.
100%
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T
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o 40%
[m)]
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20%
[} ( |
0% 2010 2011 2012 2013 2014
B 30"-39" LCD 0% 0% 2% 4% 7%
[C140"-49"LCD 3% 19% 43% 65% 82%
E=50"+LCD 14% 48% _ 76% 92% 99%
=1 40"-49" PDP 2% 13% 31% 52% 67%
150"+ PDP 8% 32% 57% 78% 86%
—m—LCD (40"+) 4% 22% 47% 68% 84%
PDP (40"+) 4% 21% 44% 65% 7%
—o=LCD+PDP Total (30"+) 2% 10% 22% 33% 41%
SourceDisplay®archi2011d

Table 33. Global 3D TV Market Penetrationby Technology and Screen Size

25 In addition to decrease in brightness caused by filters or glasses, two other issues with 3D TVs are: 1) Flicksryvaith occur
screens are drivat low refresh rate, allowing the brightness to drop for intervals noticeable by the human eye. Because 3D displays
split and reconstruct images, current LCD TVs must be driven at higher refresh rate, e.g., 200/240Hz. 2) Crosstatktavhich ref

the owerlapping of the image for the left eye with that for the right eye and vice versa. This is also caused by the 8toe response

of a liquid crystal display.
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3D LCD TVsrequirea high refresh rate, e.g., 200/240tith correspondinglifigher material cogthan
LCD panelsvhich havdower refresh rateBlanufacturers expdc€D technologyo overcomehe current
technical limitations in the near futiesplaySearc{201Ld) projects thathe globaldemandor 3D LCD
TVs will reach348 million units in 2@ and continugrowing to78.2million units in 20140LED TVs
couldhave a signifinaimpacton the 3D TV marketwhen compared toCD and PDPTVsbecaus©LED

is aselfemissive displditke PDP)andhas mucHaste response time than LC materiblsweverbecause
the OLED technologys stillimmature and expensivieis difficult topredictthe future share that OLED
3D TVs will command in the overall 3D TV market.

3.12. 3D TV Technology
3D technology has evolved from its inception as anaglyph technology to the currently available stereoscopic
technology, both of which require viewves wear glasses. As technical limitations are ovetbisne
technologyis expected to continue to evolae shown iMable3-4, toward autestereoscopic technology

(without glasses) and finally holograptmch is closest to what might be termed 3Baf Major TV
manufacturerdiave already demonstrated asgtereoscopic 3D TVsand Toshibaplans to announce
availability and pricing fas glasdree 3D TVsin the US marketlater in 2011Toshiba 2011}However,

most manufacturers expect that giass 3D TVswith good performanéewill not be available in the

marketfor a few more yearBable 34 lays out the past, present, and future of 3D TV technology.

Past Present Future
Anaglyph Stereoscopic Auto-stereoscopic Holography
Red/Blue glasses Glasses type Non-glasses type Realisti@D
Polarized / Shutter Lenticular lens Amplitude and lgject
2D/3D switchable (3D only) wavereproduced
Switchable lens

SourceChoi 2010

Table 3-4. 3D TV Technology Roadmap

Broadly, there are two types of stereosteghnology, as shown in Figg®, based on whether the-efe
and righteye images are alternated spatially or temporally, and based on whetheg thigmassés sare

dactivedbdbdboPaspiavssipel ari zed

g ! a dinadge® s mplememeag py ( wi t

attaching a polarization fitmthe surface othe LCD screen, which results in alternating rows of the pixels
displayingwo different polarized images. In other words, the screen displaysetfeitatiges the odd
rowsand the righteye imageis the even rows. This technology halves the vertical resolution and requires
additional cost for polarized films while keeping brightness level fairlwithiglfewer image quality
problems than other technologi@gtive shutteglass technology (with temporally alternated images) is
implemented by storing left and right frames and interleaving them temporallirasimgate conversion
device. Active shutter glassesotentailany additional costs for the 3D screen ,itsadf resolutioiis not
diminishedwith this technologiHowever, the glasses need extra circuitry and a batt&@8a#a of light
lossoccursat presentvith this technologgompared to 2D mode.

26 Holographyallows the light scattered from an object to be recorded and later reconstsadteat &se original objeetappears

Although it is possible to create a hologram of a static object or moving scenes, this technology needs further mgvetopment a
time to be qualified for TV applications.
27 According to a manufacturer, it is iegflifor glasfree 3D TVs to have viewers enjoy 3D images at various viewing angles, more
than 32 spotén order to be realized in the market.
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Figure 3-1. Stereoscopic Technologies for 3D TV

Neverthelessctive shutter glass technology is expected to besoreaedominant than passive polarized
glasgechnology in 3D TVduringthe next 2o 3 yearsWhile it is difficult to determine whickheology is

better than the other, major manufacturers have their own technical and economic preferences. Samsung
Sharp, and Sonyave been focused on active shutter glass technology, witikes l@en leading the
development opasive polarized glassheologySince active shutter glass technology needs to overcome
issues with lower brightness, compared to passive polarizedwgddseaspurdD TV discussion to active

shutter glass stereoscopic 3D vbis report

3.1.3. 3D TV Energy Consumption and Efficiency Improvement Potentials

An existingTV in 3D modeis likely toconsumemoreenergy than in 2D mode becausehef following
differencesbetween 3Dand 2D technologyFirst, a 3Benabled TV includes an additional-iBiage
processar on the imge circuit boardvhich consume 3-5 W Secondperceivedrightnes® in 3D mode is
less than iD modeat presendue to light losses from glasses outlined in Tablg5. Although
manufacturers haaeloptedsome techniques to enhahdghtness i8D mode this increasdoes notallow
images that amaifficiently bright for viewing in 3D mo#er this reason, some of current&kabled TVs
increasescreen luminande 3D mode by consuming more powealtow a highedb e f f ect i vie br i gh
the vieverd s p e rBaseg dour dindingswe estimatehat additional power requiremdat 3D mode
of a few 42" LCDI'Vsis aboutl0-20W.According to an expert commi&nthe power difference between
2D and 3D modes is up to 20f@¥ 42inch LCD and PDP TV able3-5 shows aonceptuatxample of
LCD 3D TV brightnesgosswith shutter glasses.

Original | Lossfrom reflection| Separation of Transmittance of

. ; ) Final images
images | on screen glass right leftimages | glases

luminance | 500cd/n?(100% A  450cd/n?(90%) A  225cd/n?(43%0) A 90cd/rr? (18%)

SourceChung2010
Table 35. Example of Light Loss in 3 mode of 3D LCD TV with Shutter Glasses

28 According to manufacturers and Chung (201@0%0of light loseccusin 3D mode of @8D-capable TVcompaed to the
luminance in 2D mod8D TVs with shutter glasses caused an 80% decrease, while 3D TVs with film patterned retardéd%ccaused a
decreaseOLED TV manufacturers claim that brightness of an OLED TV in 3D mode is 60% lower than in 2D mode, e.g.,
200cd/n? (2D normal mode) and 80cd?if8D normal mode}or this reason, viewers may experience relatively low brightness level
in 3D mode compared to 2D mode, althoBBhperception renders the image subjectively brighter than it technically is

29 Bob Harison of Intertek UK
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Whiletechnological development in 3D technologiesetiitiency improvement lwoth LCD screen and
backlightsvill helpmanufacturers eventually overcome this, isSeTV manufacturerareconsidengthe

following alternativeis the short termhighefficiency optical film® ensure at least minimally acceptable
brightnessin 3D mode or more backlight lamp#lthough both alternative®ntail incremental costs,
additional backlight lampee likely toncrease power consumpti®oeme of existing 3D TVs automatically

detect and boost brightness when 3D content is displayedt h e The firstl aageées not nexssarily

imply that 3D TVs use more energy when viewing 2D images. It is in 3D mode that additional energy is used.
However,3D content available to consumers is still limited, and it is expectedckthésuewill be

overcome in a few years as bothehnologies and screen efficiency are improved over time.

As mentioned earliehe powerdifference betwee2D and3D modedor current 4anch (106.¢m) 3D
TVsis up to 20 Walthough it varies with modeidore than 90% oBD TVs areexpected to havarge
screen sizes over 40 inches. If we assume that 3D TV purchasers consursge2ydayrfor 3D content
and additional power consumptiontfee 3D mode is 20 W fall 3D TVs theannuaknergyconsumption
by new 3D TV sales in 2014 is estimatduktabout 1.2 TWh, and themulative energy consumption by
new 3D TV saledfrom 2010 to 2014 is about 3 TWK: to 4%inch (101.6to 124.5cm)LCD TVs will
accounfor about 70% of the cumulative energy consumgligmce 32 shows that estimatef potential
energyconsumptioradditionallconsumedt maximum levé20 W)in 3D mode of 3D TVs.

GWh

1,400

1200

1,000 m40"-49" LCD

300 50"+ LCD
m 40"-49" PDP

600
50"+ PDP

400

200

N = = 0 B
2010 2011 2012 2013 2014

Figure 3-2 Estimates of Annual Ehergy Consumption in 3Dmode of 3D TVs by forecasted
Global TV Sales

3D LCD TVs requirea high refresh ratée.g.,200/240Hz), which consurmemore power thanthe low

refresh ratef LCD TVs High refresh ratedecreaskuminanceoy loweringheL CD panel 6s trans
Some manufacturers are developiiHz 3D TVs to overcome the issud#dow brightness and high cost.

The oerall magnitude of the impact energy consumptiaf the shift from 2D to 3D mode depenent

on manufacturersd strategies t o ep,ohangsi ans ec obnrsiugnhetrnse
viewing time for 3D content is,thereforedifficult to estimate precisely.
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3.2. Smart TV (Connected TV)

The following subsections discissart TV (or connected T)M markets and energy consumption.
DisplaySearch definesannected T\asa TV with an internet or network connection. (DisplaySeaitie)2

Snart TV, soméimes described as connecteddf\hybrid TVis the phrase used to describe the current
trend of television setwith integrated internet capabiliti@d/ikipedia 2011dh Korea, the Ministry of
Knowledge Economy has differentiatedrsiV system from conventional TV system by allowing smart

TV manufacturers to obtain broadcasting contents directly from content producers while in the conventional
system broadcasters get programs from content produdedelmer them to viewerSMKE 2010).
Although smart TVs are regarded as connected TVs in temmtsroét capabilitpuchnetwork capability

does noseem ta@ompletely define a smart TiV.addition to network connection or internet capability, the
termdsmart T\6 would be more apppriatewhentheyincludemoreadvanced functions (eaglyance user
interfacejntelligent recommendation fasers andplatform for sercreatedunction$ to fit the definition

of dsmartness In this sensesmart TVsmaybe categorizeds a subsetithin the larger category of
connected TVsThis report does not discuss specific features or technical details, but is focused on the
market and factors reéat to energy consumption in Fiés.

3.2.1.Smart TV (Connected TV) Market

The success afmartTV relies on dynamic applications, user interface technologyigngderformance
platformratherthan on the screertechnologytself Google and Apple, which are leadingnegkets for
internet service and mobile contantidevicesare expected tmave significant influence tive comected

TV market. In additiorpersonal computéardware manufacturers are interested in this new market because
smartTV must havéighly advancegsignaprocessing performandecording tdisplaySearc20116, the
connected’V market shareilvincrease from4 million units in 200 to 23 million units in 204 when it

will account for about2.8%6 of the totallV market as outlined in Tab86.

2009 2010 2011 2012 2013 2014
connectedV (millions) 15.2 43.9 644 87.2 104.8 122.7
connectedV share 7.2% 18.0% 25.3% 33.1% 38.1% 42.6%
Total TVs(millions) 210.8 243.5 254.2 263.3 275.2 287.8

Source: DisplaySearch 284

Table 3-6. ConnectedTV Market Forecast

3.2.2.Smart TV (Connected TV) Energy Consumption
Smat TVs are expected ttonsume more energglative tacurrentconventiona{nonsmarj TVsbecause
of the following factors: advancsidnal processing for additional network connectikigty potential
larger/wider screens and increased daily usagajlawleite background screand network standby mode

A] High Performance Components

Smart TVgequirea high-performanceentral processing un@fU), graphical processing uri@RU), and
memory chipsor advanoe performanceand additional network awectivity asshownin Table3-7. As a
resulf according to onenanufacturera smartTV consums 10% more powelin its drive circuithan a
conventional T\oes Total power consumptiofor asmartTV is likely tdbe a fev watts higher thaior a
conventbnal TV Howeverthe power increasstributable tahese highperformanceommpnents can be

reduedby employindow-powerSysterron-Chip (SoC)

30 According to DisplaySear(2011e)the forecast covers TVs with an external connection to a network or directly to the internet
(typically through agthernetport). Increasing numizeof TV sets empldB02.11n USB dongle, ave vireless networking buiitt.
It is expected that thHethernetcapability in HDMI 1.4 will be adopted, which allows manufacturers to save socket costs
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Conventional TV SmarfTVv
CPU 400megahertahz) 1 gigahertzGh2)
GPU 3 millionpolygors! per second | 30millionpolygons per second
Memory 1 gigabytdéGB) 2GB

* Specification carary with manufacturers.
Table 3-7. Example of Specifications for Image Processingircuitry in SmartTV versus
Conventional TV

B] Wide Screenand High Definition

It is possibléhatsmart TVawill encouragdevelopment ofarger and wider screen sizecause consumers
may want tado multiple activities througtne screerin other wordspgsmaré screes mayrequire extra
screenspace which in turn would requitégher horizoral resolutiorfor multiview, whichcanincrease
power consumptiorigure 33 shows possible changeSmarfTV size.

Conventional T\(16:9) SmarfTV (16:9& 1920 1080or 20:9%2560 1080
1366x768 Full 11{92}?%0?0 |:| 100 % 1080
0 efinition 1g] efinition
High Definition (HD) (FHD) om0 |:| » \:

1920 +640

Figure 3-3. Example of PossibleSmartTV Size Changes

C] IncreasedDaily Usage

It is possible thathangein operating/viewing hours will haatarger €ect on energy consumption than

unit power consumptioimcreasefrom advancedhardware specificatioddthoughthe ncreased range of

activities available tsers througbmartTVs is likely toricrease consumémd/ usage/ viewing timeéhe

overlap of such activities with activities like browsing the internet on a separate device such as a laptop or
desktop computer is not cleBinereforethe effect of thelevelopment ofmartTVs on overalhousehold

or global energy consumption is uncertain and fuetas study

D] White Background Default Screen

Another important factoaffectingsmartTV energy consumption tke effect of thevhitebackground
defaul screen anthe whitebackgrounds featured on mpspular website§Vhite backgroundsill tend to
negateor reduce the effect of local dimming technology in LCDAW®ughthe power consumption of
CCFL backlit seendslesssensitive tihackgrounaolorbecause afhe constant backliglit many ofthese
screensthe power consumption dfED backlit LCD saens with dimmingptionscan beaffected by
changein background colom recent exhibitionsomeconnected Vs introduced bynajor TV brandand
internet personatomputeirelated companiesnployed black backgrosridr the defalt page instead of
white On the other handhé impacts ofiblackbackground on power consumption and viewer eye fatigue
need further reseatch

E] Standby Power

Although amajority of TVs arrently onsume close tor less than 1 W in standby mode (or sleep mode),
smart TVs (or connected TVsare because ohetwork connectivity anihtegrated featurebkely to

31 Polygons (usually triangles) are used in computer graphics to Gimpages.
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consume more energy in standby ntbdaconventional Vs. One reason is thabnnectedl'Vs can be
requiredo rapidlywake from standby modeonnected’V standby power consumption is estimat8diat
to 30 W although theninimum power requirement foonnected’V basic network processidgpends on
t h e imt&friak design scheme and specifications and therafm® amongnodels from different
manufacturer€onnected’Vs are expectetth employ power management regjimeseverFor example, it
is possibl¢o turnconnected Vs from onmode to a lovwpowerstateafteracertain perioduring which the
user does not interact with th¥. Idle modess uc h as andodagsuti cklcaasyiodributesin
average of 25W6 standby power consumptitimougha user selected optiohlthough theeare notthe
only networkrelated features smart TVs (conned¥s) may drive ugpower consumption througuch
modes as well as additional network connecliigyreport briefly discusses standby mode power issues in
Chapter Other Issues Related to Power Consiomgind Efficiency
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4. TV Efficiency Improvement Potentials

In this chapterwe reviewtechnologally feasibleptions forTV energyefficiency improvementhat are
practical to manufactyreith a focus on LCD, PDP, and OLED TVs.

Becauséuminances directly correlated with power consumption as well as with perceived picture quality, it
is necessary to consider efficiency improvement options (or power consumption reduction options) at a fixed
level ofluminanceTV manufacturersontrolthe defaultuminancdevel of TVsput TV panels are usually
produced with a certain tardeminancelevel, which varies with type of 3\The brightness level
appropriate for consumers is also relevant to the topic of efficiency improvensefill discussionf

this issue ibeyond the scope of this analysis.

Efficiency inpanelsis often discussed as a chandenrnancgcd/m?) as light flows througbkach key
component ofthe device (frequently expressed in a percerAagé)er important metric used often
discussions dioth TV setand panel efficiengarticularly when emphasizing their naslight sourcs is
that of luminous efficacy (lems peMW, or cd per ampere). This is the gasécularly for LCD backlight,
PDP, and OLED panels.

To idertify efficiency improvement optiofts each screen technology, it is necessary to understand different
physical principles underlying each technology. Power consumpticerofsseté displays such as PDP and
OLED varies with the TV signal, iaera@ picturelevel (APLP3 while LCD TVscancontrol backlight

lamps according to the image signal, to varying degrees depentiatypa of dimming technology. This
analysis is not intended to compare efficiency of display technologies but to idaid#ijytéehsible and
manufacturable efficiency improvement options and corresponding incremerftal €ash display. The
analysis focuses mainly on two kinds of currently available TV displays, LCD and PDP TVs, and one
emerging technology, OLED TVs.

Manufacturers are developing efficiency improvement options for LCD and PRPMé&ét new standards

such aENERGY STAR ¥rsion5 and theEuropeanUnion EU) energy labelingrogram.For example,

major TV brands are arpiated to adopt various effiagimprovement options teeducetheir ormode

power consumption hyp to30%and therebyneetENERGY STAR ¥rsion5 requirements. In this section

we discustheseoptions and their relevance in the context of a market transformation program to improve
energ\efficiency.

41 LCD TVs

In this subsection we discuss key factors affecting efficiency improvement in LCD TVs, technology options
to improve efficiency in LCD TVand corresponding estimated codterecost datareavailable.

4.11. Key FactorRRelated to Efficiency Improvement in LCD TVs
When considering the effincy of LCD TVs conceptually, it is useful to divide T84rgetthe following
main partsthe BLU, the LCD panel, and the rest of the TV set.

32 |n generalalthoughLCD TV panels over 30 inches have been manufactured with a target luminance of 400 t§ 8@thcd/m

HD PDP panels without filters habeen produced with target luminance d460 to 200 cd/mat fullwhite mode (APL 100%).

Luminance in PDP panelgiea with APL from 180 to 200cd#im full-white mode to 1,000 to 1,300 cd/ah 1% peak window

normal video mode, correspondind\RL 20% to 40% , PDP panels at®uttwice as bright as they aréull-white mode, and the
finalluminancef a PDP W becomes about half of that of its panel because of a filter with 40% to 48% transmittance.

33 There are two definitions of APL: One (Bamma) is the time average of a video signal input voltage to a TV set, which is
usually expressed as a percentagfeediill (100%) white signal level voltage. The otherGRogha) is the time average of the

average luminance of all pixels in the TV set, which is usually expressed as a percentage of the peak white luminance level
(Fraunhofer 20@y.
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Although LCD TVsare much brighteéhan PDP ad CRT TVs, LCD T\@overall efficiency isot greatein

terms of change inuminancgcd/m2) as light travels through the LCD TV set. Assuming that the initial
luminance fronthe backlight uniis 100%the final luminance is about 4 & 6f this initialluminance,
largelybecause ofhe low transmittance of the LCD panel. If panel transmittance and efficiency of optical
films improve, the backlight will not be required to produce such high luminance. Such impvawglichents
enable reduction of the numbef backlight lamps, lowering power consumptiacording to a
manufacturerthe efficiency ofthe PSU is now between 85% and 95%. Thus, efficiency improvement in
LCD TVs will largely depend on improvements irBtHie¢ and LCD panelTable 41 shows the @mge in
luminance for an LCD TV.

Key Components Luminance

Se Digital Signal Processing 380450 cd/n?
Power Supply Unit (3.85.80)
Polarizers
Color Filter

Paneb Liquid Crystal 450?2%2%%
Thin Film Transistor array IO
Drive integrated circuits
Optical Films

BLU Diffuser Plate / Light Guide Panel 8,00610,00@d/m>

: (100%)

Light Source

* The final luminance of the BLU is regarded as the starting point, 100%.
Therefore, this does not capture the luminous efficiency of the BLU itself.

Table 41 Example of Change in Luminance for a Ypical LCD TV Set

In this analysis we reviéggchnical opportunities for efficiency improveneimtCD TVsin the following
areasyhich are also ardasvhichmandacturers have been focugingduct develapentefforts:

1) BLU: efficientbacklightsource andmprovedstructure
2) BLU: efficientopticalfilms

3) Paneincreasetransmittance

4) Powemanagemerdton-mode dimmingtechnology

Options 1) and 4) can directly reduce LCDpbwer consumptiomwhile options 2) and 3) help reduce
power consumption indirectly by reducing the number of backlight lamps necessary to achieve the same
luminancdevel Option 3) can redudke powerneededo drivethe LCD panel.

4.12. Technology Options for Efficiency mprovementof LCD TVs

In this subsection we discuss various options to improve the efficiency of LCD TVs, including different
backlight sources (CCFL and LED), changes in backlight structure, improvement in backlight source
efficiency, improvement BLU efficiency by using various optical films, improvement in panel transmittance,
and improvement in power management.

34 According to maurfacturers, the luminance level of LCD TV sets is 5% to 10% lower than that of LCD panels because of
electrical losses in the circuitry and power supply.

35 Panel transmittance varies among different TV models and manufacturers. According to mat0f#dé20éts.driven LCD

panels have 5% to 6% transmittance on average, and 2B@/@40en LCD panels, including 3D LCDs, have 4% to 5%
transmittance on average. In general, manufacturers compensate for lower transmittance by using more efflaisnbroptical
adjusting the backlight structure by changing the target luminancetevBLbf
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A] Backlight SourceType: CCFL and LED

We screened out LED backlit LCD TV models and CCFL backlit LCD TVENM&RGY STAR ¥rsion
4TVIistENERGY STAR 2010) accordi
selected dathED-edge backlitCD TVs are20% to 30%more efficientn onmode power consumption
than CCFLbacklitLCD TVs. Figure 41 shows the average W/of LCD TVs by backlight type.
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30"-39"

ECCFL-LCDTVs MLED-LCD TVs
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40"-49" 50"+

* Authorgcalculation fronENERGY STAR2010
Figure 4-1 Average Watts pe6quare Inchof LCD TVs by Backlight Type
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However, the average retail pat&ED backlit TVs is higher than that of CCFL backlit. Tivparticular,

LCD madule price accowsor alarge portion of total TV set production cost, and the difference between
set production cost and module price for both types is similarangeof $120to $135. Bcklight type
afects both dtal manufacturing coahdenery consumptionFigure 42 shows the average U.S. retail price
and manufacturing cost for-82h LCD TVs.

700

600

500

400

300

200

100

0

$633

32"CCFL 1366*768 60Hz

32IED-edge 1366%768 60Hz

B Average Retail Price
M Set Production cost

W Module Price
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Figure 4-2. Average US. Retail Price and Manufacturing Cost for 32nch LCD TVs (Q2 2010%

36 Set Production CostLCD module price + mechanical/electronic parts + packaging/accessories + royalties +

34



Materials and compamts weighted by production yield account for about @080% of the total
manufacturingostof LCD TV panelsin the case of32inch LCDTV pane$ with 1,366 768 resolution,
the difference between total mudacturing cost and mater@mponent cost ithe same regardless of
backlight typendicating that components other thanBhe are largely the sapaad thecost ofthe LED
BLU is 3.4 times that ahe CCFL backlighfrigure 43 shows LCD module manufacturing costs fon@2
LCD TVs.
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296
300 - ;
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200 A B Module Sales Total Cost
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B Material and Component

100 W Backlight Unit

50 A

0

32"CCFL 1366*768 60Hz 32LED-edge 1366%768 60Hz

SourceDisplaySearc01@
Figure 4-3. LCD Module Manufacturing Coss for 32inch LCD TVs (Q2 2010

To acceleratmarketpenetration ohigh-efficiency TVspne option might b encouragearapid transition
from CCFL to LED backlightAlthoughthe aveage mat price of LED backliTVsis currentlyaboutl.4
times that of CCFlbacklit TVsit is expected that the gap widlrowto aboutl.2in 2012 Figure 44
graphs the price gaps between CCFL and LED backlit TVs.
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$300 : 32" FHD 60Hz CCFL
§200
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$0
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Source: DisplaySeagdil®
Figure 44. Price Gaps between CCFL backlit TVs and LED backlit TVs

As mentionedh Sectior2.3.2, major TV brandare expected farovide more LED backlit TV models at
lower prices in emerging marketsvering the maximufaminancdevel and colereproduction capdty

labor/overhead/profit (calculated by author). Inegeh it takes 1 month to assemble LCD TV sets from LCD modules, so the
module price from the previous quarter is applied to the current TV set production cost and market price
37 84.9% yield is applied to the material and component cost
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allons manufacturerdo reduceBLU materiad costs This suggestshat the barrier to further market
penetration oLED backlit TVsSs mainly cost.

B] Backlight Structure:LED -direct (full array) and LED-edge

Figure 45 shows the conceptual strucwirgypical backlight&s mentione@arlier LED-edge backlit TVs
are expeetd todominatehe markebecaus¢heyoffer more benefitsfor manufacturers and consumers in
terms of cost, design, and energy consumptdrdirect TV local dimming technologymore effective
in reducingpower thanglobaldimming or partial dimming, but LEd2lge TVshave an advantage over
LED-direct TVs imresource use and manufacturing cost.

LED-edge LED-direct CCFL

o

:

Figure 4-5. Conceptual Structure of Typtal Backlights

Table4-2 shows a comparison of -#gh LCD TVs by backlight typeED-edge backligimg usually
consumes less power than L-Bibect backligimig at maximum brightness level, while local dimming of
LED-direct backlights is more effectiventtamplete or line dimming of LE&ge backlights in power
reduction at oimode Total impacts of LEBLUs on power consumption vary witkD efficacy, input
power,number of LEDs usednd dimming technolodgy additionthe beam angle of LEDs is a liimit
factor for designing LEBLUs According to an experventhough LEDdirect backligimg with wide
beamangleLEDs can without dimming optiongachieve @aower consumptiosimilar to thabof LED-edge
backlighihg, the manufacturing cost of LEdired¢ TVs is higher than that of LE&dge TVsTable 43
compares the technical specifications fan@2LED-edge and LERIirect TVs, including numbers and
costs of LEDsLED-direct backlit TVs requiringuindreds of LEDs are typically employmgerpower
(<02W) LEDscompared th. ED-edge backlit TVs.

Backlight Type LED-edge LED-direct CCFL
Thicknesgmm: millimeters) | 10.8mm 46mm 32.5mm
Weight(kg: kilograms) 11kg 17.5kg 12.3kg
Power Consumptié# 126W 175W 210w
Contrast RatR 10,000:1 100,00 10,000:1
Number of Lamps 324(LED) 640(LED) 16(CCFL)
Manufacturingcost 100% 120% 60%

SourceJang2009
Table 42. Comparison of 4@nch (904cm) LCD TVs by Backlight Type

38 These are n@r-mode power data but power consumpitidll white modevithout dimming options
39 Complete dimming is applied to LEedge and CCFL, and local dimming to td#fect.
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Backlight Type LED-edge LED-direct
|40 90-100mA 60-65mA
Vi 3.03.2v 3.63.2v
Peo (It *Vy) 0.270.2wW 0.18-0.2W
Numberof LEDs 801001 2803002
Cost per LED $0.2$0.23 $0.14-$0.18

If: forward current; \Vforward voltage; mAnilli-ampere V: volts
Sourcemanufacturer and expert interviews

Table 4-3. LED Backlight Spedfications for 32inch (81.3cm) LCD TVs

C] Backlight SourceEfficiency Improvement: High -Efficiency LEDs

As theluminous efficacyumens per wattmh/W1]) improvesthe energy efficiency EDs used for LCD
backit units will improve.According tothe U.S Department ofEnergy (DOE)duringthe next few years
LED light sources will surpass the performance capability of incandescent and flugihtisgerand by
2015 LED luminag@s will be capable of producing an efficacgare tharl50Im/W (DOE 2010.Figure
4-6 shows forecast luminous efficacy for LEDs.
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o 1 1 1 ] 1 I ! L 1 0 T T T T T
2007 2008 2009 2010 2011 2012 2013 2014 2015 2009 2010 2011 2012 2013 2014

Sours: DOE SSL RED Multi- Year Program Plan

Source (left)DOE 201@; (right)LED manufacturer
Figure 4-6. LED Roadmap for Luminous Efficacy (Im/W)

According to expertsexisting LED backlit TVs on the markee60Im/W LEDs on average.EDs of 80
to 100Im/W are expected tfoe usedor LCD backlighihgin the next 20 3 years. By using moséicient
LEDs, TV manufacturers can reduce the minimum number of LED fetgssary fdrCD backlit uni
However, it is difficult for manufactiseio immediately employ existligherefficiency LEDshat are
being used for general illumination. Haffltiency LEDs operate at higher powerd¢w»@l W) than LEDs
used in TVs (~0.4WHigh-power LEDs generate more heat thanpoiger LEDs, so TV nmaufacturers

40 |; - forward currenti.e., theelectrical current flowirtprough asemicondutor diode In general, a small change in forward
voltage (¥, which is the voltage across a ®emductor diode that carries current in the forward diregifoduces a
disproportionately large change in forward current.

41 In case LEDs are located one horizontal side (bottom), or two vertical sides (left/right).

42 Sharp LE700UN models have adopted idiBct backlight units and consume less power than otheditdeDtype TVs
because the model uses fewer LEDs withlvéidm angle than other LElred TVs.
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wouldneed to develop better thermal management techtudnesrporatéigh-efficiencyandhighpower
LEDs to TVs. Thereforemproving the efficiency of LEDs used in TVs will reglexelopent of high
efficiency LEDs at migower or advared thermal management systiemhighefficiencyandhigh-power
LEDs.

a Technology Options forDevelopment of High -Efficiency LEDs

1 LED Structuremultiplequantumwell (MQW) structure

1 Phosphorssilicondioxide(SiO)-based powder wilicon nitrideSN,)-based powder
1 Thermal Maagemenimproved packaging technology

1 LED Performancewvidebeamangle LEDs

For development ohigh-efficiency LEDsimprovement irLED structure isa key possibilitAs electrical
current ina single quantum w&lIstructureincreases, optical output increases in a logarithmicAscale.
multiple quantum weltructure has more than one well that can accommodate moretharrgersingle
guantum wellresulting in more optical outplilgure 47 shows an example oED structue withMQWs.

— P-GaN
Light Output Characteristics
| AlGaN/GaN/inGaN |
Multiple -
Multiple Quantum Wells (MQWs
) ) InGaN/GaN MQW Quantum P ( )
P-N junction| Wells Optical Power
diode | AlGan/Gan/inGan |
Electron 3Qws
| InGaN/GaN H— Emission 2QWs
Layer 1Qw
n-GaN
- e W o B e B . W a1
Sapphire CIS pattern Current

Source: manufacturer

Figure 4-7. Example of LED Structure with Multiple Quantum Wells (MQWSs)

Second, eévelopment of new phosphassanimportant efficiency improvemehtowever, i generalthe
luminous efficacpf a phosphoris traded df againstcolor gamut’. For examplewhile B+RG (Blue
LED+Red/Green phospha) can producea wider colorgamut (836 at National Television System
CommitteeN'TSQ) than B+Y (Blud.ED+Yellow phosphdr(68% at NTSCYhe formerconsumes more
power In generh the color gamutof an LCD TVis determind by color filters andacklight lampshe
color gamut ofnormalCCFL backlit TVs ig2%and that ofadvance€ CFL backlit TVs is more th8&%.
Although white LEDs witB+Y (Blue LED+Yellow phosphogremore éicient thanother type of white
LEDs, they are not acceptable for monitors or. Whete LEDs with B+RG (blue LED + Red/Green
phosphors) are being widely used for apylicatioa According to expertghe existingSiG-based
phosphors can be replaceithviN-based phosphors, atite protective layer othe phosphors can be
improved, resulting in high efficienkgcording to a manufactur@able 44 compares the efficiency and
color gamut of different phosphors.

43 A guantum well means a region surrounding a minimum of potential energy with discrete energy values.
44 Color gamut is a certain complete set of colors, commonly represented as areas in the CIE 1931 Chromaticity Diagram or in
National TelevisionyStem Committee (NTSC) 1987.
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Blue LED Blue LED Blue LED
+ Yellow Phosphor + Green/Orange Phosphorg + Red/Green Phosphors
Efficiency Better Good Fair
Color Gamut o 0 0
(NTSC) 68% 70% 83%
Sourcemanufacturer

Table 4-4. Color Gamut and Efficiency of Phosphors

Third, packaging technologynmportant to maximizifetime ad efficiency. The moldimpmpound needs
to be durable dtigh temperature and highly reflective. For better thermal manatjertead, frame&eeds
to contactthe printed circuit boardirectly

Lastly,LEDs with wide beamangls (greatethan 120 degees) can helpmandactures reducehe number

of LEDs, comparedvith conventionaLEDs with 66 to 120degree beamngla In general, widbeam

angle LEDs are being used in L-Hikect BLUs. Some expedtim that there are optical benefits to
beamingHhe light straight forward in edge lit designs, while some others say thabearaiggt LEDs may

allow LCD panels to have "dark spots" between LED chips as the number of LEDs decreases in edge lit
structure as well adull-array (direct) structure. dfginess of wideeam angle LEDs in edge lit design
needdurther research

In the 2010 TVmarket, various structures were used for LED backlightitng most efficient caseED

backlight bararelocatecon one horizontal side (bottom) or twertial sides (left/right). This design choice
dependgrimariyon manuf actur er sd st r aAfceogdinggte experttlosettveoc hni c a
typesare expected to dominatethe short term foscreen sizegreater thaB0inches(76.2cm) Table 45

traces expected shaoetm improvements for both types of LED placements.

Typel: One Horizontal Side

Year 2010 2011 2012
Backlightype LED-edge LED-edge LED-edge
Sructure | | | |
LED Spec. 60Im/W 70Im/W 80-85Im/W
LED Power 0.32W 0.38W 0.43W
Number of LEDs used 100% 80% 70%
Power (BLUbnly) 100% 95% 94%

Type2: Two Vertical Sides

Year 2010 2011 2012
Backlightype LED-edge LED-edge LED-edge
Efficient Sructure
LED Spec. 60Im/W 70Im/W 80-85Im/W
LED Power 0.32w 0.38W 0.43W
Numberof LEDs used 100% 75% 63%
Power (BLU only) 100% 89% 84%

Table 45. Effect of LED Improvement on Power Consumption, 3ihch LCD TVs

Even ad_EDs with higher luminous efficaageemployedn TVs, the ratio of LEDpowerto efficacywill

likely increaseslightly Thus, for onéiorizontalsidemount LED-edge TVs, the efficacy is expected to
improve3342%from 60Im/W to 80-85Im/W, andpower consumption wilecreasby about6%. For twe
verticalsidesmount LED backlit TVs, if the efficacyproves33-42%from 60lm/W to 80-85Im/W, power
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consumptiorwill decreasky about16%.These numbers indicate thaprovingLED efficacy has greater
impact onefficiencyfor LED edge backlit TVs with two vertical sidesaus¢he reduction in number of
LEDs is greate with the same LED efficacy improvemehtcording to DisplaySearch (2011b), it is
expected that one vertisaded structurevill beimplementedn some entyevel TV models irnthe 32 to
37-inch(81.3 to 94.6cm)screen sizenge

Moreovey sssuminghat both types of LED backlighg use samé&/pe and qualitgf LEDs, thecurrent
verticalsided structure is 20% more efficient thamohizontalsidedstructurebecausthe vertical structure
requires 20%ewerLEDs than the horizontal type. HoweMeED backlight structure mssociated with
panel transmittance and other optical pasBioU, soa choicébetwea two backlight structureepends
on manufacturer strategyd technicalesigrpreferences.

The current &erage cost of one LED chip uded LED-edge backligimg is $0.20.24 Thiscost is not
expected to increase even if efficiency improves. Some sxpgetsthat the price mighdecrease as the
market volume of LED backlit TVs groarsd a new type of LED becomes dominant in TV applichn
addition, Haité kawindicates thdf, as the light output of LEDs increases, the cost ($ per lumen) tends to
decreasé&ee Figure-&
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Figure 2.4: Haitz’s Law: LED Light Output Increasing / Cost Decreasing
Source: Roland Haitz 2010
Note: Both lines are on the same numenical scale (with different units)

Source: DOE 2010
Figure 4-8. Haitz6 saw of LED Light Output and Cost

b. Conclusions Regarding Development oHigh -Efficiency LEDs

TV manufacturers can reduce material costs as a rédtlt efficiency improvementCostreduction is an
intrinsic motivatioior manufacturers tachieve high efficiency in Rbacklight Therefore, we expect that
manufacturers i likely continue to pursue adoption la§hefficiency LEDs even in the absenceaof
market transformation prograbfeD efficacy is expected to imprasea result dfED structure, phosphor,
heatsolution, and beam anglevelopmentsioweverit is lkely thathe efficacy of LEDs used in TVs will
lag the efficacy of LEDs available on the market becawteudralissuessuch asheat dissipation.
Reducinghis lags an important option thatmarket transformation prograould pursueotimprovethe
energy efficiency of LED backlit TVs.

Under thefollowing assumptionthe relationship betwe&iED efficiencyimprovemenind cost€an be
described ashown inFigure4-9.:

45 The light output of LEDs has increased twentyfold each decade for the past 40 years, while the cost ($/lumen) has decreased
tenfold each decade during that same time period (DOE).2010
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1 Except for a fewmodelswith oneverticalsidemount structureall other LED backlit TV atry
models of 3@0 incheswill have wo typesof backlightstructure onehorizontalsidemount and
two-verticalsidemount.

1 As LED efficacy improvesthe corresponding reduction power consumption will habe
significant becaubigheffidency LEDs are also higlbower LEDsPower reduction will instead be
achieved by reducittge number of LEDs used.

LED efficacy and Power Consumption LED efficacy and Power Consumption
(32" One Horizontal Side Case) (32" Two Vertical Side Case)
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Figure 4-9. LED Efficacy Improvement (Im/W) and BLU Power Consumption (W)

D] Optical Films

In addition to the light source itself, the LBDU has various optical parddthough DBEF(a reflective
polarizer filmmanufactured by 3Mas the most significant impact among optical filrB& Orefficiencyit
is expensive antbmes froma single manufacturer. For thes&sog manufacturers habeen adopting
various combinations of films, depending on panel transmitiagite source efficagcyand other
specification Of these other optical componemnstlective polarizers and prism shéetgethe most
influerceon efficiency improvemerTigble 46 shows the types of optical films used in LCD BLUs.

Componerg # used Structure
LCD Panel
Reflectivgoolarizer 01 Reflecie Polesizes
Prism Sheet
Diffuser Backlight Unit
Prismshee(s) 1-3 En
‘\JJ Lamp & Light Guide Panel
Reflector
. Edge-type BLU
Diffuser(s) 1-3
LCD Panel
. j Reflective Polarizer
Light Guide PaneLGP) or 1 P et
diffuserplatef Ditises Bucktight Uit
Diffuser Plate (BLU)
OO O OO0 um
Reflector 1 Refletor
Direct-type BLU

* LGP is used foanedgetype backlightand diffuser plate is for dir¢ype.
Table 4-6. Optical Films used in LCD BLU

Typically, a reflector incremtiee light reflected frorthe rear of the backlight. Wght guide pangLGP),

which is used foedgetype backligiimg guidesandscattes the ligh emitted from the source toward the
front of the TV. Diffusers distribute the light toward the LCD panel uniformly so that the structures of the
LED array and-GP are smoothed out in the ligRtism films are important to optimize the anglegbt li
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a Prism Films (Lens Films)

In generalprismfilms are designed with hitfansparency and high refraetindex to recycle the wasted
component of luminous flux frothe backlight sourc&8. M drgyhtness enhancement film (BBRhe most
commonlens film used by display manufactureng film is placed on the top of a statkfilms.
Conventionally, two orthogonally arranged films arebesads@ sheet of the film can redirectarfigle

light from one direction only (horizontal or vertiddlgre are several types of lens films, including 3M BEF,
that carenhane brightnesfrom 20% to 60%(Figure4-10), compared to backligig withoutfilms.
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Source(left) DisplaySearch 2011c, (rigtethzawa 2009
Figure 4-1Q Brightness Enhancement Film (BEF) and Brightness Gain of Various Lens
Films

Typical prism filmsuch as BERProvide better brightness gain véttarptipped lenss;prismfilms with
roundtipped lensegive productsa wide viewing angle compared winat is possible witbharptipped
prism filmsln addition, this lenticular type of fillmeasy to manufactused costcompetitive, compared to
typical prism films with shatipped lenss.

b. Reflective Polarizers

A DBEF recovers a certain type of polarized,figivhich cannotbetransmited througtthe rear polarizer

of theLCD panel, by reflecting this portiohlight back to th&LU and depolarizing sothat the light can

be newly polarizdd transmitback tathe panelAccording t@M, a DBEF caimprove energy efficiency by

20% to 30%%” Manufacturers have been using DBEF in many products and agtde time of the best
optionsfor efficiency improvemenrtiut they havalsobeen identifying other comhtions of optical films
excludin@BEF because DBEF @& expensivgyroprietary technology. The patent for DBEF will expire in
2016 Althoughsimilar fimsareprovided by Korean and Japanese supgliddlfs DBEF i gher ecogn
bestamong the existing reflective polariReflective polarizers have hundreds of layers whose thickness is
less than 1008anometersn(m). Manufacturing reflective potaars with such thin laydssa key technical
barrierto other supplierbeingmore competitivéDisplaySearch 203. Figure 411 shows light utilization

with and without DBEF.

46 While the ppolarized light is tramétted through the LCD rear polarizer into the LCD, tpelarized light is absorbed at the
entrance of the panel.

47 A 37-inch CCFL LCD TV with two diffusers and one DBEF consumed 145 W, aiich 8CFL LCD TV with three diffusers
consumed 180 \(Fraunhofer 2007d)
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Normal BL = BL with DBEF

| Recycling backlight M Rz/
Source: Hanzav2®09
Figure 4-11. Utilization of Light With and Without a DBEF

¢. Multi -function Films
Optical films have been combined in many ways to reduce sraissals well as tincreasefficiency.
The Pllowing combinations aegher currentlipeing used areoptionsthat may soon be adopted:

1 Prism (BEF) + Reflective Polarizer (DBEF)

3M has recognizetthe cost barrier thanhanufactums facein usingDBEF and hasprovided a new
proprietary film, DBETYV, which combines BEF and DBE#, a cost lowethanthe sum of the two
standalonéims

N Prism + Diffuser (Micro-lens Film)

A microlens film is a new structure that incorpsmdiffusion and prism functions into one filnmicro-
lens arragcatters and defocuses lighrd mannesimilar tathe waydiffusersfunctionwhile also making the
light convergasin aconventional lendfkecently, manufacturers have been adopting-lamsrdilmsfor
some of their productss an alternative ® M ®BEF or BEF Figure 412 illustrates the mechanism of
microlens films.

Acts as conventional
lens (Gain increases)

. converging

Scattering and de-focusing

*Diffusing

Micro-lens array

=4 toend

Source: DisplaySearch 291
Figure 4-12. Mechanismof Micro-lens Films
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1 Reflective Polarizer (DBEF) + Diffuser

Recently, 3M has introduced a new series of DBEF, which combines DBEF and two diffuser fayers, as a
additional costffective solution for manufacturers. According to 3M, the new DBEF seitits #xh
same brightness gain and transmittance as the conventior(8M&04).

1 Light Guide Panel (LGP)+ Prism

According toan expert,energyefficiency can be improved by 10%a lenticulaspatterned or prism
patterned LGP. Howevethe materak costfor the new LGPs is expected to be 30% higher tha
materialsostfor conventionaLGPs Also, sincghe new structure still needs to overcome technical issues
related to low uniformity of light distributjdgnisnot expected to be realizentil 2012

Amongthe variougilms discussed abavprism, lenticulagndmicrolens films are widely used in
recent product3.able 47 compares prism, lenticular, and rens film functions and costs.

Prism Lenticular Micro-lens
Side view AdAA iy i
Top view 4
Optical Function Light concentration Light concentration Light concentration +

diffusion diffusion

Brightness GaiRactor ~1.6X ~1.5x ~1.3x
Ease of Manufacture Low Medium High
Material Cost High Medium Low

Source: DisplaySeagfililc
Table 47. Various Optical Films

d. Cost of Efficiency Improvemens from Improved Optical Films

Although it is hard to estimate improvement potential and incrementafocgsanel technologies,
categorizingpptions by optical components nmkeeasier toidentify relationships betweefficiency
improvemerg and corresponding incremental coStstrently some TV manufacturers have removed
DBEFs from their products, e.g.;iB2h(81.3cm)60-Hz or 120Hz TVshbut are stilusingDBEFs for other
productswith lower panel transmittan¢€ee Table-8) According toan expert,manufactureranticipate
that they will not need to uf2BEF in the near futur@s panel transmittance improves and other
combination of optical films are developdfl. manufacturersan achieve high efficnwithout DBEF,
there will beoom tofurtherimprove efficiency 0% to 30% (i.e.the efficiency improvemepteviously
due toDBEF). By employing DBEr using otheapproachethatentailadditional cost manufacturs can
achieve higheefficiency than the level currently being targétele efficiency of optical films improves,
the initial luminance leveturrently required from backlighéource would not have to be akigh.
Consequently, manufacturarsuld be able toedue the number of lamps and correspondingly reduce
energy consumptio®ther tharadding DBEF to the film stack, it is hard to chamseptimatombination
from otheroptical films becaudgfilm stacks in LCOBLUsvary widelyamongmanufaturers, s@en sizg

and modeland2) dataare not availabten the effect of each film stack omerallefficiencyTable 48 shows
different types of film stacks for LEdalge backlight and CCFL backlight TVs, and Teblsghdws the
incremental cost of adding DBEo backlight TVs.
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LED-edgéebacklight CCFL backlight
DBEF Prism film Diffuser Micro-lens film Lenticular DBEF Prism film Diffuser Micro-lensfilm | Lenticular
Three ofthe five films + Light Guide Panel (LGP] Two or three of the five films + Diffuser Plate
DBEF Prism film Micro-lens film Diffuser Lenticular Diffuser
Prism sheet Micro-lens film Prism film Diffuser Lenticular Prism sheet
26" Diffuser Micro-lens film Diffuser Diffuser Diffuser
32 n
Diffuser Diffuser Diffuser DBEF Diffuser
Prism film Prism film Prism film Prism sheet Diffuser
Prism film Lenticular Micro-lens film Diffuser
DBEF Diffuser DBEF
Diffuser Diffuser Diffuser
Prism sheet Prism sheet Prism sheet
Diffuser Micro-lens film Prism film
40,. Diffuser Diffuser Prism sheet
- Diffuser Diffuser
n
47 DBEF DBEF
Micro-lens film
Prism sheet Prism sheet(x2)
Micro-lens film
Lenticular Diffuser

Source: DisplaySeagfillc
Table 4-8. Various Film Stacks irBLU s*®

. CosteffectiveOption (2012)
Screen Size 2010 (For backlight without DBEF)
32inch $7-$8 +$4.95.69
40 to 42inch $128$13 +$8.4%$9.1

SourcemanufactureBisplaySearc010d

Table 4-9. Cost of DBEF as &Cost-effective Option

Additionally a new struare that combines prism sheet and LGP is expected to increase efficiency by 10%
compared t@conventional LGP. Howevegcording to an expettie new structurstill needs to overcome
technical issue®lated tolow uniformity of light disbution andlow viewing angle before can be
commercialized’ he materialcost ofanew LGP will be 30% higher thidme cost of @onventional GP.
Incremental costs for DBERre expected ashown inTable 4-9, which is based omanufacturer
information andhe faecast that the matesaost of BLUs will decrease by 30% from 2010 to 2012
(DisplaySearch 2ai0

48 According to DisplaySearch report (2011c), these examplesedrerBLUs from Korean and Taiwasemanufacturers
49 Cost of DBEF(2010)0.7
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E] PanelEfficiency Improvement: Transmittance Improvement

a Liguid Crystal (LC) Cell Structures
Most technologies for LCD panel efficiency improvenrenpraprietary, and they depend on LC cell
structure, such awistednematic(TN), verticaldignment(VA) andin-planeSwitching (IPS). Manufacturers
have invested in R&D to improve their own cell strigdbeeause LCD needed to overcome initial tedhnic
problems in viewing angle, transmittance, and response time to be optindpetickdion inTVs In
addtion, manufacturers have an intrinsic motivation to improve panel efti@eaggeloing sowill allow
themto reducdhe use ohighefficiencyandexpensive optical films and backlight lamipigh will reduce
manufacturing castThe subsections below desctifoe most common cell structu@\ 2003 Baker

201).

1 7N (Twisted Nematic). by Most Manufacturers
The TN display is the most commygpé of LCD butwas, until recentlgyvailable only for small screenssize
(less tha0 inches)because ofignificantmage degradation at oblique andtecenthhoweverit has been
improvedwith the help of supplementary films, expandimyattabity for slightly larger screen si@&to
26inches) TN mode allowthe LCD panel to have high transmittance and goog¥iildreforejt offers
the greatest benefits in energy efficiency and marintactsof allLC cell structures. Howevacording

to expertsand manufacturerapplyngthe TN cell structuréo mediurrandlarge screen sgzgreater than
30inches)does not appear feasibkrause ats color tore degradation and contrast variatiepending on

viewing angle.

IPS (In-Plane Switching): by Hitachi, Panasonic, Toshiba, and LG Display

The first IPS structure was developed by Hitachi in 1996 to improve the viewing angle ofBakdrCD
2011) Since then, there have been significant improvements in transmittance and contfasamati
international exhibitiom 2007, IP@lpha Technologydemonstratethat the light transmittancef IPS

Pro technology has improved by 80% over 10g@apmared to the first version of IPS. LG Display also has
significantly improved its panehnsmittanceduring the past sevengbars.According to experts and
manufacturersransmittance ogarlyLCD panelds said to have be@®o to 3%, while panel transmittance

of existing IPS technologies is ab8att 6.5% This isexpected to improve 7% to 8% by 201Z-igure

4-13 shows the development of IPS.

IPS(1996) SIPS(1998) | ASIPS(2002) | IPSPro(2005)| IPSPro(2007)
W\
\
Structure \\\\ \\,‘“
/1/
i W
Transmittance 100% 100% 130 160 180
(25-28%) (25-28%) (33-36%) (4-4.9%) (4.55%)
Contrast Ratio 100% 140% 250% 300% 450%

*SIPS: Super IPS, ABS: Advanced Super IPParentheses represent actual transmittstiogated btheauthor
Source: Baker 2011, manufacturers

Figure 413 Development of IPS Structure

50 Yield is a measure of productivity, amount of output from a given amount of input.

51 |PS AlphaTechnology was established by Hitachi, Matsushita (Panasonic) and Toshiba and became a subsidiary of Panasonic in

2010.
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1 Vertical Alignment (VA): Samsung, Sony? Shap, AU Optronics, Chi Mei
Optoelectronics

VA technologies were developed by Fujitsu in 1996 to improve the viewing angle of an LCD. The most
common type of VA panaleveloped in 1998 multi-domainverticaldignment but each manufacturer has
developedts own cell structure and namiedifferently> CurrentVA panel transmittance risportedly

about 86 to 6% thisis expected tinproveto 6% to 7% by 2012.

IPS and VA technologiésve beeneveloped for TVs in mediuamdlargescreen sizeManufacteers are
overcomingntrinsic problem@ TN displayssuch asmage degradation at oblique viewing dmngiesing
supplementary films. This has resutddN displaydeingusedfor TV screens ithe20inch band.

b. Panel Transmittance

As mentionedtove the averaggansmittancef existing LCD panels about 86 to 6.5%>* andexpected

to increase to% to 8% by 2012 Although panel transmittance varies withcelt structuredisplay
specification, andnanufacturer Table 4-10 presents averagdsreasted bymanufacturersif panel
transmittance improgdurther brightness gain or efficiency improvemwentd bepossible usinthe same
film stack as befoimprovementAlternately, manufacturarsuld reduce the number of lamps rather than
usinghigh-efficiency optical filmsyhich would reducgower consumptioand coss. In addition,a high
efficiency LCD structure caaducethe powerneededo drive LCD panelsAssuming thatinal targeted
luminanceof an LCD TV panel wdd be 400cd/ne, then,as @nel efficiency improves frdso to 8%,
backlightpower consumption cain theorydecrease 86 because of a reduced number of lafgee
Table 411)Although the correlation between panel efficiency improvement and backlight lamp reduction is
not straiftforwardin the fieldit is clear thapanel transmittance can positively and diraifdgt power
consumption.

20092010 20112012 20132015
5-6.5% 6-8% 6-10%

Panel
Transmittance
Sourceexperts anchanufacturers
Table 4-10. Forecast of Average LCDPanel Transmittance for TVs

Target luminance of LCD panel cd/m2 | 400

Panel transmittance % 5 6 7 8
Required luminance from backlight cd/m2 | 8,000 6,667 5,714 5,000
Number of necessary lamps 100% 84% 72% 64%

Table 411 Effect of Panel Transmittance orLED Backlight Power Consumption

c¢. Technology Options for Panel Transmittancémprovement
1 High aperture rati@amproved cell structurew-voltage driven materials

In generalpanel transmittance can be imprdweénlarging cell aperturer exampleyhileblackmatrixis
used to preveright leakage from the gaps between pixklshimprowesresolutionjt also blocks light

52 Sony has obtained LGianels from Samsung LGDd will obtain them from Sharp in the future.

53 Samsung (PVA: Patterned Vertical Algm), Sharp (ASV: Advanced Super View), AU OptrorM&/AP Premiummulti
domain vertical alignme@®MVA: Advanced MVA), Chi Mei OptoelectronieM{&\: Super MVA)

54 LCD panel transmittance varies among manufacturers and models. According to sooterensnl@®/1261z driven LCD
panels have 5% to 6% transmittance on average, and 200/@4¢en LCD panels, including -8@habled LCDs, have 4% to 5%
transmittance on averagie.general, more efficient optical films or adjustrofrnbe backlight striere compensate for lower
transmittance.
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transmittance. Data bus lines are necessary for electric currénit flevwidth of data lines redadke
actual cell apeire ratia Even though mnufacturerganachieve higher transmittarine adjustinghese
parts new cell structures should matusepanel performancend productivityo diminish Becauseell
structure is the motchnically complestement in TFLCD manufactureshangingell structures requsre
further R&D investment.

One recent technologsend in panel efficiency improvemisrdevelopment ofow-voltage driven parsel

For this technology,C materials that can be driven by low voltageesm@edTheseLC materialsvould

allow manufacturers tse narrowdow-resistance datadis i.e., high cell aperture rati@ncan currently

be usedAccording to expertduminunmmolybdenun(Al-Mo) is now being used for data linesd can be
replaced withtcoppettitanium (CuTi). In addition, panglshould be developed with lewnitage drive
scheme The resultingolwresistance data lingdl improve panel transmittaneed panslcanalsoemploy
low-voltagedriven electric parti® the circuitrywhich will reduce circuitry power consumptiBecause
development olow-voltagedriven panslis closely associated with LC materials, data line materials, cell
structure, andhe dive scheme, it is diffitulo precisely and accuratelstimate R&D investme or
incremental cost.

For small screen sizésss tha26inches/66 cm) manufacturers are likelyetoploy aombination of LED
backlight and TN cell structutecording taonemanufacturea 2l-inch(53.3cm)LED backlighfTV panel
with additionabptical film(DBEF)istwiceas efficient as a CCFL backlit TV panel of the same size.

d. Costof Panel Transmittance Improvement

As mentioned above,s difficult to estimatineincremental cost and R&D investitfor the development
of newLC cell stuctures becausé) technology options atemplex and interwoved) data are not readily
availableand 3) each manufacturer has its quwaoprietarytechnologyA further benefit fromow-voltage
panel development reduced cost fodrive circuitrybecase low-voltagedriven components aifess
expensivdhan highvoltagedriven onesManufacturers have historicdthzused onpanel transmittance
improvementand may continue to do so becafsthe intrinsianotivation to reduce manufacturing costs
by reducing the number of bagiit lamps or optical films used

F] Power Managementin On-Mode: Dynamic Dimming

a Dimming Methods

Backlightdimming methods have been develdpagduce power consumption and improve irgagkty
in terms of contragtatio. An advantage oEED backlight compared to CCFL backlights is thd&D
backlight lampcan bemore finely controlled by a dimming algorithfio employ dimming, LERirive
circuiry needs to keetne current across LED channefsform while modulating thecklightbrightness
data usinghedimming algorithniKwon et al. 2010)

The simplesimmingoption is to dim the whole backlidiyta universal factor in each frame, which is called
zeradimensiona{0D), complete, or global dimmirithis option can bepalied to all types of backlight
Another option is taim part of the backlight area depending on input jimwags is called partial or local
dimming Local dimming methods can individually control eachdairpD block for this method, . ED-
direct baklight have anadvantage over LEBdge and CCFL backlights. However, id€lDe backlightare
expected todominatethe LCD TV market LED-edge backlightingan effectively reduce power
consumption by dimming each block of LHE)gure 414 shows global dlocal dimming systems.
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+ +
- - 1
(a) (b}
Figure 1. Global dimming and local dimming Figure 2. Local dimming system
(a) Global dimming (b) Local dimming (a) Image blocks (b) LED blocks
Source Chen2006

Figure 4-14 Global Dimming and Local Dimming

Broadlymanufacturers and researchers rethrée types of dimming methadsng various terms for each:

1) 0D dimming: zerdimensional dimming, complete dimmghghal dimming
2) 1D dimming: dimensional dimming, line dimming, partial dimming
3) 2D dimming: 2limensional dimming, lo¢pbint, blockdimming

Table 412 shows the effect of dynamic dimming on power consumption for LED backlit TVs.
No 0D dimming 1D dimming 2D dimming
dimming | (complete, global) | (partial, line) (block, poin}

Power

0, [ 0, 0
Consumption 100% 80:90% 60-85% 40-85%
Available i All CCFL LED-direct
Backlight LED-edge LED-edge (some)

Table 412. Average Effect ® Dynamic Dimming on Power Reduction in LED Backlit TVs

Althoughlocal dimmindhas the most significasffecton power consumptigi.ED-edge backlit TVs can

use only 1D or block dimming techniques. Assuming the same dimming method, the effect obrdimming
power consumptiois determined mainly by backlight segmentation and input images (both average picture
level and image form3)he effect of dimming on power consumption is very significant for dark images
with low brightness legdiut not that signiiant br bright imagegccording to onenanufactureia global

dimming methodanreduce power consumption by 19%&sample imagend1D dimming cameduce

power consumptioly 41% for the same image. To gfarhe effect of dimmingt is necessaryp
measurgower consumptionsingvarious dimming methodadth the IEC 62087 standard test video.clip
Reliable dataf thistypearenot available for this analysis. We asananerage effecf dimming methods

based on interviews and materials freamufacturers.
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b. Improvements in Dimming Technology

Becausehe effect of dimming methods can vary with input images, dimming algorithm, and backlight
structure, it is not easy to quanpifgciselyhe average effect of dimming methddsobtain reliabldata,
measuremesitmustbe doneusingthe IEC 62087 standard video clipn§ideing that LEDedge backlight
arecurrently expected giominate thenarketover directtype backlights1D dimmingor partial dimming
methods wouldhave more impac¢han lochdimming methods that are only available to-HE€rt type
backlights Recenty, some manufacturers have been exploring.5e dimming methodThis method
combines 1D dimmingith ascanning backlighivhichis alsoused to reductae motion blur® problem in

LCD TVs.Use of 1.5D dimmingadds a dark stripe in the dii@etthe display is renderednsequently, it

can aféct power consumptiomhe scope of dimming methods for edge backlights might be limited as the
backligh structure becomes simplett reducing the number of backlight larope alsoreducepower
consumption, and the tradeoff between these two éwliise optimal design foighefficiencyis unclear,
complexand bgond the scope of this analydis.illustrate this tradeoff Trabk 4-13.

4 sides 2 sides 1side

T = 1D ==l
Ll

i Hi==I

Dimming Localdimming Line dimming, Block dimming Line dimming
Effect on power ;

reduction Better Good Fair

# of LEDs 100% 40-60% 2530%
Product Segment . High-end Mairnstream Entr y37(H32
(asis) Flagshipx48) (5880H) (4-0%h) Manstrean( 4-0 1 f

Sourcemanufacturers, DisplaySearch 2011c

Table 4-13. Structures of LED-edge Backlight and Dimming Methods

c. Cost of Dimming Technology

Manufacturers emplayimming technologymostly for midrangeor highend productdecause othe
incrementacost. Low-end products have onBD dimming or no dimming optiodlthough dimming
methodscan improvepicture quality in terms afontrastratio, some manufactureexpress uncertainty
about whethethe dimmingeffect isfully perceivedy consumersin addition,a certain type of block
dimmingcausesdor balance across the scrimedeterioratéor sometypes ofscenes.

To employ dimming methods, manufactureeed to use drivategrated circuitd@s) that control the
dimming algorithpatanadditional costf $0.8$1.5 per drive Id:he necessary numberdsfve ICsvaries

from one to sixaccording tescreen sizeAlthoughadditional analysis neededo determine the average
effect of dimming mhbds, dmming technology is a good candidate for a market transformation program.
Table 414shows the incremental costs of dimming options.

55iotion blur is the streaking of a rapidly moving object across the LCD display. This phenomenon results mainly from the
intrinsically slow response time of liquid crystals.
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Screen Size Us_age of Incremental Cost
Drive ICs
20-29" 1 $0.8%1.5
30"-39" 4 $3.2%$6.0
40"-49" 4 $3.2%$6.0
50'+ 6 $4.8-$9.0

*Costsbased on the year 2010
Table 414. Incremental Costof Dimming Options

4.13. Summary of Efficiency Improvement Options in LCD TVs

A] Forecast for Efficiency ImprovementMarket Potential)

Based onhe above discussiowe conclude thatCD TV efficiency is expected to imprawvehe following
key technical areakED efficacy, panel transmittance, and optical . filkBD efficacy and panel
transmittance improvemsentill play a significant role ieducingpower consumptioand manufacturing
coss Table 415 shows the efficiency forecast foiirgh LCD TVs.

2010 201 20»
i 1side(Hrizontal H) 1side(H) 1side(H)
BLU LED-Edge | 5 Gigeqvertical V) 2 sidegV) 2sideqV)
LED Spec Efficacy 60Im/W 70Im/W 80-85Im/W
pec. PLED PLED:0.32W PLED =0.38VNV PLED =0.43W
Panel % 56% 5.6% 67%
Transmittance
DBEF+PR+DS PR+PR+DS PR+PR+DS
Optical Films Film Stack PR+PR+DS DS+PR+ML DS+PR+ML
DS+PR+ML DS+PR+LE DS+PR+LE
LCD Panel Powe| Estimated 36-42 W 29-35W 2532W
TV Set Power .
(Or-modg Estimated 56-62 W 49-55 W 45-52 W

* DS (Diffuser Film), PRPrism Film), MEMicrolers Film), LE (Lenticular Film)
Table 4-15. Example of Efficiency Improvement Forecast for 32nch LCD TV's

Although the efficiency gbanel transmittance awgtical filmsis expected tomprove,it is likely that
manufacturersvill employnew combinations of films, removing DBEF from the convaitistack to
reduce matergtostsln addition the effect ofdimming methods on power consumpi®gignificantyut
it is likely thadimming tehnology will be adopted only rinid-rangéhigh-end productdecause of its
incremental cost. This forecagplisto medium andarge screen sizes, larger that30inches(76.2cm)

B] Opportunities for Efficiency Improvement through Market Transformation (Economic
Potential)

The relationship between efficiency improvement and corresponding incremésntekeadst only a few
technologies becausestefficiency improvemenptionsare closely assated with panel technologesl
arecomgex, interconnected, and involve proprietary technology.

Most panetelated technologies require R&D investrhenausen FPDssuch as LCD, PDP, OLEBjc.,
panel desigis the most complicated elemand therefore the most expensive to mdddweverbecause
advanced panel design can provide huge benefits to manufactirerform of manufacturing cost
reductionsthe industry has put much effort iR&D to improve these technologies.

51



Nonethelessmprovedoptical films and dimming opt®aregood candidatefor a market transformation
programbecausg¢hese are mature technologiieg are already commercially availatite weltkknown and
predictableosts

As discussed abou&D-LCD TV panelefficiency is expected to improve2B¥ to 35%in the next 2o 3

years even in the absence of a market transformation prolgearasults of thiefficiency improvement

could be reducedower consumptiorffrom employing fewetEDs) or reduced costs (fromemoving
expensive optical filmghe chang&vill be driven by new efficiency standardsraradn u f a mtrinsic e r s &
motivatonto reduce cost and improve performance.

Assuming thaTV manufacturers achieve the same efficiency without DBEEny of theirentrylevel
products within the next few ygdéinen addinddBEF to those unitgouldbe an option tdurtherimprove
efficiencylt isalsopossible that manufacturers will identify other optiatbavethe samendresult

Dimming technology is another option ftwther improve efficiencyAlthough the effect of dimming
methodson power consumption reduction needs to be measured witmdard video clgnd is not
precisely quantifighin this reportjt is expected to be significant even for tdflge backlightBecause
manufacturerare expctedio employ the optioonlyin midrangeor highendproductsthis option could

be encouragetb improve the efficiency @ntrylevelmodels Figure4-15 summarizes tteosteffective
options for entryevel 3Znch LED-LCD TVs.

LC Panel

(Transmittance: 6%0)

LC Panel LC Panel

(Transmittance: 6%) (Transmittance: 7-8%0)

LC Panel

(Transmittance: 5%)

Optical Films
(No DBEE)

Optical Films Optical Films
(including DBEF) (including DBEF)

Optical Films
(DBEF+PR+DS)

2010 2012 2012 2012
(Base Case) (Efficiency Casel) (Efficiency Case2)
Cost-effective options
* DS (Diffuser Filfy PR(Prism Film), MEMicrolers Film)
Figure 4-15. Cost-effective Options for 32inch Entry-level LED-LCD TVs

AlthoughEfficiency case 2 can be assumed, this report considdiffioielycy case 1 as incremental costs
for improvement in panel transtaitce andhigh efficac)utEDs are not availablBased orthis scenario,
average emode power of 3fhch LED-edge backlit LCD TVs is estimated as folldlve average en
mode power of 3McChENERGY STARLED-edgebacklit TVssorted out ofENERGY STAR 2013 51

W |t is expected thahe on-mode power of 3hch LED-ecge LCD TVs wi be reduced to 4w by
improvemergin LED efficacy and pahteansmittancby 20121f the TVs do not havabacklight dimming
option and DBEF, both options can ddedyhich will entailadditional material cogtat on-mode power
will be furtherreduced to @W. Figure 416 shows ormmode power estimates fori@gh LED-edge backlit
TVs.

56 Averageof the ENERGY STARjualifiedTVs whoseABC function enabled when they are shippbd.average emode power
of 32inchLED backlit TVs in ENERGY STAR TVs listed on March, 2011 is 53 W.
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watts
L 3
60
ENERGY STAR 5.1(Pmax)
50
o=835 B Base Case W Cost Effective Options
40
30
20
10
0
2010 2011 2012 2013 2014
LED Efficacy 60lm /W T0lm /W 80-851m /W 90-1001m /W 100-1101m /W
Panel 5% 6% 6% % 8%
Transmittance
. DBEF DBEF DBEF
Cost-effective . . . . . .
ons Dimming Dimming Dimming
op Prism LGP Prism LGP

Figure 4-16. Estimates of On-mode Powerfor 32inch LED Backlit TVs

The average cost dBEF for a32inch LCD TVin 2010was approximatel$s7to $8. Assuming thahe
DBEF option can redudfie on-mode power of a 3Ach LED-LCD TV by5 W, the cost of conserved
energywould be$008 per kWhassuming discount ratef 6% andan effective edul life of 10 yeax
Although the average effect of dimming ogtionLED-edge backlighis difficult to calculate precisely
adding aimmingoption (0D or 1D)wouldfurtherreduceBLU power consumption by -B&8%. An industry
expert indicates thatwould cost amdditioral $3.2 to $6.0 to employ dimmigigabled drive ICs for 3
47-inch LCD TVs.Detailscalculations ottost of conserved energy for these-efsttive options are
discussed in Appendix D.
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4.2 Plasma Display Panel (PDP) TV

In this subsection we discuss key factors affectiogedfy improvemesin PDPTVs, technology options
to improve efficiencymiPDP TVs,andpossible manufacturing cost reductiorntaégetechnology options
are realizedVe alssummarize opportunities fdfieiency improvement in PDP TVs

4.2.1. Key RctorsRelated toEfficiency Improvement in PDP T\s

A] Features of PDP Power Consumption

PDPs areseltemissive displathatconvert ultraiolet (UV) radiatiorgenerated when a gas discharge excites
phosphos, to visible light in each cdlecause oits seHemissive naturenprovement i@ PDRBs | umi nous
efficacy is the key &avingenergy in PDP TVdn addition because¢he trasmittance of PDP filtelis
currently40% to 48%, mprovement in filter tresmittance will lower the target luminance taaebare
paned needto achievegreducingpowerconsumptionBecause anufacturerseport thathe efficiency ofthe
PSUfor PDPsis now between 85% and 9%k& FDP panel and filter are the most importamdidatefor
efficiency improvemen#lthough PDP target luminance varies across maaetsmanufacturersone
manufactureestimates thahe averagéuminanceof current42inch (106.-¢cm)HD PDP panelsvithout

filter is aboutl60to 180 cd/m2(at 100%APL>"); these panetonsumel80W eactat that luminance level

For thewholeTV set, totapower consuption is estimated to bmorethan 200W. Table4-16 shows the
luminancef key componentnd the complete unit fod&inch HD PDP TV.

Luminance in full white modg
100%APL

5482 cd/n? (3046%)

Key Componets

Digital Signal Processing

Set Power Supply Untt

Filter (antireflection, color adjustmeiit) 64-86 cd/ne (4048%)
Module

Driving Circuitry
Panel

* The final luminate ofthepanel is regarded as the stgpoint, 100%.
Thereforethis definition of efficiency does not capture the luminous efficacy of the panel itself.

Table 4-16. Luminance of a 42inch (106.7cm) HD PDP TV

166180 cd/n? (100%)

In fact, ddefaulluminance as shippedf 42inch (106.€m) ENERGY STARlisted HD PDP TVs
(ENERGY STAR2010)is between 58d/m2and 96cd/mz2, which supportshe alove estimatdable 417
showson-mode power consumption of thdSNERGY STARqualified PDP TVs is betwe@dW and 113
W. Althoudh PDP TVs consume less power at low ,AfPld the IEC 62087 broadcashtent test video
signalwhich isusedto measuren-mode power consumption, ha3% APL on averag®Vaide2011), the
on-mode power values in tBIERGY STARIist appear low, considey that PDP8ower consumption is
typically saturatedd more thar0% of APL Figure 417).

57 Average brightness of TV programs is between 20% and 50% APL.

58 PSUs can hestalledn panel maufacturing process or TV set production.

59 Conventional glass filters wamstalledby TV set makers, but recent film filtersiaséalledduring the panel manufacturing
process.
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Screen Siz| Resolution | Numberof | On-mode Resolution | Number of | On-mode
Models Power(W) Models Power(W)

42nch 1024 768 5 90113

(106.7cm) | 1366 768 | 4 108112 1920 1080 | 4 99

All TVsshipped wittABC enabled.
Table 417 42inch (106.7cm) HD PDP TVs (ENERGY STAR 2010)

Figure4-17 shows thaENERGY STARqualifiedPDP TVs appear to havachieveduminous efficacy
greater tha® Im/W. However the luminous efficg of a PDP panel that consum&80W at 1® cd/m2
(100% APL) corresponds to about 216/W.*° Possible explanations for this discrepameyl) the
luminancet default settinggas low enougtio consume less powatrthe test video signal. In fact, of Gbe
TVs qualified foENERGY STAR ¥rsion4, 63 had ABC enabledwhen they wershipped 2) Power
consumption under 208@L (line Ain Figure 417) has becmeverylow, making the slope dihe Bsteeper.

B Fowwer Consumption Reduction @
(W 290w } in 2108
200
Lumirous Efficacy': 1.5 mai b
min.
N e i R
Py ’ . R max,
(a) S S PR i ST
 im — ,’ o~ EIMAN ]
- Signal Processing == l= P
B o — — -
(4n%.) : Panel size: 42v
: TV setting : standard mode
(B0 %
: 20 40 100
BPL ¢ %

SourceFraunhofer 20@i
Figure 4-17. Power Redution by Luminous Efficacy Improvement

B] Resolution and Power Consumption

Theluminous efficacy ofull HD (1,08rogressivép])®* TVsis generally accepted tolbeer tha that of
HD TVs (720p becausdiner cell structure, more electrodes, more electmeponentsarerequired fora
high resolutiopanel Panasonic TYwhichqualifyfor ENERGY STAR ¥rsion4, show this relationship
for onmode power consumption although da¢a cannot be used to comgdaminancdevel at thesame
on-mode powelFigure4-18 shows thatull HD TVs consume 20 to 16% more power than HD TVEBhis
percentage increases by screerbsizbere areo HD TVs (720pwith a screen size greater th@mches
(127cmpnthe market

60 Luminous efficacy of a PDP has been calculatbe byllowing formula.
aa Gl dlowe BT | O GREK
© £ Q0& NPEOL NE £ | 6 QKN ¢ AWK @0

61 Full HD TVs: 19201080 pixels, HD TVs: 102468, 1366768 pixels
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250

42" 46" 50" 34" 58" 65"

. ¥=0.1095% + 20.972 Spreen POWEY(A) POWEY(B)
Size (HD) (FHD) (B)/(A)
150 (Inch)
42 90 99 1.10
e L 46 105 119 1.13
i ¥ = 0.0931x+ 211146 . 192081080 50 120 139 1.16
D —— Linear (1024x768) 54 - 159 -
0 —— Lincar (1920x1080) 58 - 179 -
0 500 1,000 1,500 2,000 ) 65 - 214 -
Screen Atea (sq.in)

SourceENERGY STAR2010
Figure 4-18. On-Mode Power of Panasonic PDP TVs

Table 418 shows PDP screen size and cell plighincrease number of pixels fiogh resolutions, the cell

size, or cell pitch, mustdeenesmallerin the same siz8ince more electrodes and more barriers ribs are
required, the total space that is allowed for light coming from cells should be smaller. As a result, high
resolution PPs consumer more power than low resolution PDPs to keep the same luminance level.

Screen | Display Are HD HD Full HD Ultra-Fine

Size (mm mm) 1024 768 1366 768 1920 1080 4096 2160
(0.79M pixels) | (1.05M pixels) | (2.07M pixels) | (8.85M pixels)

42-inch II I}-Gﬂmm III }.GQme I II IUA‘)me
934 532 -
(106.7cm) . . s

0.912mm 0.684mm WAEaN

I I I 0.810mm I II 0.576mm

50inch Illllswmm
1106 622
(1270cm) - -

1.08mm 0.810mm 0.576mm
1394 784
(1600‘Cm) < > < > < > 0.339mm
1.36mm 1.02mm 0.726mm
(Prototype)

A u t hoalcukat®dniM: million
: Qurrently ommercially available

Table 4-18. PDP Screen Size and Cell Pitch (not to scale)

Althoughhighresolution panels consume more pdhemlowerresolution panels fohe same screen size,

the technologies for fine callitucturecan positivgl affect efficiencynprovement in loweesolution panels

One of key technologies required for fine cell structure is manufacturing slimmer and physically stable barrier
ribs. The technologies can allow PDPs to have higher cell aperture ratio inc¢al gihche which results

in higher efficiencyt Flat Panel Display (FPD) International 2008, Samsung SDI demonstratezha 63
(160cm) PDP TV featuring 4k2k (4,0962,160 pixetd, with a pixel size of 0.38@m 0.363mm (Otani

2008) Considering thahe cell pitch of a commercializedirkh (81.&m)full HD TV is 0.49mm, other
PDPscouldimprove luminous efficacy imgreasing cell aperture ratging similar technology.

In the short term, HD anfull HD resolutionwill be the mainstrearasolutbns forTVs. In addition,PDP

62 One pixel consists of Red/Green/Blue cells.
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manufacturers are not curremttgducingHD TVs with larger thaB0Oinchscreens. HD PDP TVs are now
commercially availabldth screens frord2 inchesto 50 inches andlargerscreenTVs are designed as
flagship product®r each TV brand®DP manufacturers may not want to launés With higher resolution
thanavailable ifiull HD becausdighetrresolution TVEonsume more poweand PDP TVs are positioned

in thelargescreen area, which will étectlyregulated bfNERGY STAR \érsion5.% Recently, Panasonic
started providing 58ch HD PDP TVs with1024 768pixelseven though the resolution corresponds to
4:3aspectatia Becausthe 1024 768resolutiorhas an efficien@dvantage over HBhich hasnorepixels
e.0.,1366 768in the same screen slkaecausdigher cell aperture ratio, less electrodes, and less electric
components are requirgesbwer consumption on-tichHD PDP TVs can be decreasé&dble 419 shows
thescreen resolution and aspect ratio of commeesiailsible HD PDP displays.

. . HD HD Full HD
Screen Sizeg Display Area
(inch) (mm*mm) 1024 768 1366 768 1920 1080
(4:3) (16:9) (16:9)
42 934 532(~16:9) 0] 0] O
50 1106 622 (16:9) New (2010) @) @]
63 1394 784 (16:9) X X 0]

O: Available®n the market, X: Notvailableon the market

Table 419 Commercially AvailablePDP TV Screen Resolution and Aspect Ratio

Most PDP TV screens haw@6:9 aspect rafiand the corresponding resolutiores 2866 768pixels(HD)
and 19201080pixels(full HD). AlthoughanHD resdution of 1024 768pixelscorresponds ta4:3 ratio,
the restution has been applied 42inch (106.7cmand smaller screen sibecause it was challenging to
manufacturéighresolution panels in small screen siagagthe early stagef PDP develpment Each
pixel in a @24 768 panel is rectangularile each pixéh a 1366 768 panel is squa(BeeTable4-18) For
this reasorPDP TVslarger tharb0inches(127cm) havehistoricallyhad 1366768 (HD) and 920 1080
(full HD) resolutions correspoimg) toa 16:9 ratio. Howevea, new product category of-igh (127cm)
1024 768 PDPwasaddedn 201Q which maype an alternative to all®DP manufacturets meet the new
energ-efficiency standards.

4.2.2. Technology Options for HEficiency | mprovemert in PDP TVs

A] High Luminescence Efficiency

Improving theefficiencyof PDP TVsdepends primarily dhe luminescence efficiency of the PDP itself.
According tathe EUP Preparatory Study (Fraunhofer 208@&)Japanese PDP manufactur&anasonic,
Pioreer, and Hitachistated thaa HD PDP TV withthe best available technologies featare8 Im/W
panel These manufactureggpectedo be manufacturing panels with an efficacy lof/W by 2010. The
two Korea manufacturers, LG Electios and Samsurgjsostatedin the same repothat 2to 3 Im/W
would be a realistic assumptionHD PDP TVsin 2010.According to expertshe luminous efficaof
current PDPss between 2.8nd3 Im/W. HowevermanufacturerBae recentlyshifted to usinguminance
(cd/m2) over power consumptiofW) at 20% to 30% APL as aninternalefficiency indexnsteadof
conventionaluminous efficacim/W).

Thecoplanadischarge mechanismainventionaPDPs hasbeen said to haem intringc upper limit of3

63 According tcENERGY STAR érsion5 (effective in 2012), TVs larger than 1,06&arresponding to S@ch) are required to
consumano more thari08 W in ormode power.
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to 5 Im/W (Yourg and Chung 2007). Therefomggnufacturers have invested in deirgdopew cell
structures and materiadsachieve more thanl®/W. Thesetechnological options are ntavailable at
mass productioleves becausanew cell design includes chamgeell structure, material composition, and
driving schemewhich affect the manufacturing process, yield, and other functionalities sdeviees
lifetimeand image qualitFor these reasons, itdigficult for manufacturerso anticipate the success of
technology optionfor new cell desigheverthelessighefficiency PDRSf successfully developetight
result inbetter image qualiiynd lover manufacturing cost than is currently thefoca®®P TVs

PDPs will neetb overcome treeexistingntrinsiclimitatiors toefficiency improvemeduringthe next few
yeardo reducesnergy consumptiandremain competitivdo improve PDP efficiency, it is very important
to control the discharge mechanism associated with cell structure,, sadegigisomposition.

a Improved Discharge Efficiency (Increased UV Generation Efficiency)

PDP Pixel PDP Cell Design Factors
I Eront panel 1. Discharge Efficiency

- gas composition

- electron emission layer (MgO or/and new layers)

I =z - _ - cell design

dielecric g edrodefs) (cell shape, electrode(Axpe, and gaps between electro

MgO layer ; P 3 Gas (Xe/Ne/He)
4 ’ 2. Optical Efficiency

barrief  / - cell design (cell aperture ratio)
Electrofle(C) : Back panel - phosphors ' . '
phosphors - transmittance in electrode(A) and dielectric layer

Source: manufacturer

Figure 4-19. Typical Structure of aPDP Pixel

1 Gas Composition

Figure 419 aboveshows the typical structure of a PDP pixel. PDP pixels contain a combination of inert
gasesxenon (Xe), neon (Ne), andhelium (He) It is generally accepted within the industry that a high
proportion of Xe can increase UV generation alththigfequires higher drive voltage and has associated
tradeoffs with quality and reliability. Historically, manufacturers have increased the portion of Xe in the
composition from 4% to 15%lthoughincreasing the amount of X stil| theoretically, an effingy
improvement optionmanufacturersay thathere appears to be little opportunityfurther increasehe
percentage ofke withouta significant negatiirapacton quality and reliability.

1 New Electron Emission layer

In conventional PDR a magnesiunoxide(MgO) laye is used to protedhe dielectric layesf the pixeland

to generate secondary electron emisSioce 2007, major manufacturers have improved discharge efficiency
by addig alayerto the MgO layer to lower discharge voltage and ateekdectron emissidRi oneer &8s
0Crystal E mi s suclv exampléBgrieer 2006)Musch recensiterature on PDP efficiency
improvementocuse on new electron emission layers suchleisimoxide (CaQ andstrontiumoxide(SrO)

(Khorami 2010, Wang 2010 A combination ofappropriategas composition and double protective layers,

e.g., Ca@-MgO or SrGMgO, can increase luminous efficacy by lowerivgvoltage A manufacturesag

that ths kind of additional layer are expectduktapplied toew PDP models

1 Cell Design

Conventional PDPs consist three electrodeswo in the front glass and one itme rear glassThe
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geometric relationship between two coplanar electrodes is the most important element in advanced cell
structure Althoughthe industryhas put a lot of effort intdewelogng innovativecell structuressome of

which are reported to hasehieved more thamim/W in experimental testing (Young and Chung 2007),
thereappeato befew options that can be commerciald@dngthe next few yearfnstead, manufacturers

have continued to focus on optimizaxgsting cell structures.

b. Improved Optical Efficiency

N Barrier Rib (IncreasedLight Transportation Efficiency)

Barrier ribs are structuresPDPsthat separat@RED/G REEN/B LUE) cells from each other and aled
from greenfrom blue Larger célspaceand correspondingly thinner barrier e accommodate more
phosphors andllow more U\adiationto be generated from the same surface Fageaie 420 shows a
typical PDP &rrier rib.

42'(1920 1080) 50"(1920 1080) 63"(4096 2160)
Cell Pitch III 1m III }ww III 1
0-486mm 0.576mm W
Typical L 0.576mm (50“FHD) ‘% 3?‘-“1‘0um
Barrier Rib - - -
(side view) A A
70-100um

Figure 4-20. Typical PDP Barrier Rib

In addition, as mentiondad Section4.2 1, highefresolution panels requidiner cell structuréherdore,
available technology to manufacture slimmer as well as more physically stable maimeoriaatfor
both resolutiorandenergyefficiency improvementin additionbecauséatrrier rils aremade of dielectric
materialshataffect dischargeuglitythe physical characteristics of barrier rib material are important.

1 Phosphors (More Efficient UV-Visible Light Transition)

According to expertsnanufacturerdiave recently employed fsteucture phosphsyalso calledhanc
phaosphorswhichcan gaeratevisiblelight from UV more efficienthlthough impovement in phosphsis
still a viableption for improvingefficiencyjnvestigation of bettd?DP phosphorss decliningasthe PDP
market is1ot expected to expand further.

B] Improved ReactivePower Consumption

As seenn Figure4-17, PDPsconsume a significaahount of power at black screen, @& APL. This is
because of the electrical loafdthe PDP panel. Some electrical components, such as sdnctor
capacites, store energynusedstored energy isventuallydissipatedn the form of heat.This is called
reactive poweoss To reduce such IgsBDPs havenergyrecoverycircuits (ERCs). inproved ERCs will
reduce totaPDP power consumptionn addition to ERCs,ielectric matermvith lower permittivify} are
important to reduce reactive power lé$swever, lowpermittivity materials affect the entire discharging

64 Permittivity is associated with how melectrical charge a material can store in a given volume.
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systemso the cdl design needs to be adjustedtifierchange. Improvement in ER@ppears to bmore
technically fesble than development lofv-permittivitymaterials.

C] Improvement in Filter Transmittance

As mentionedn Sectiord.2.1 the transmittancef existing PDP filters is 40% to%8Improvement in
filter transmittance will lower the target luminancetlateh bare panel needs to genardecingoower
consumption. However, becauss tiption has tradeffs with other functionalities such as faithful color
reproduction, manufacturers are unsure about the net benefit of improving filter transsataonpdian

to improve overall efficiency.

The technical options for efficiency improvement discussed afgowvgerconnected andannot be
developed in isolation. Therefdfres finakfficiency improvement impacts frirese optionaredifficult to
predict accuratelianufactunes say that newcombination of these options will be appieed011 PDP
modelsthat willreduce power consumption by%2Q@o 30% in comparison with010 models. Panasonic
claimsthat the 2011 Panasonic -#&h (106.-.€m) FHD PDP TVs will consume halthe powe of 2009
PDP TVsbecause ofthe development ohew phosph@ advanced cell structungth an optimized
transparent electraddimmerbarrierribs,andahigh-speed driving scheme.

4.2.3. CostReduction due to SuperEfficient PDPs

Although some optiongexist to improvehe efficiencyof PDPs most options involve increased R&D
expenditureor a largescale change in the manufacturing Mwreover some optionsequire or affect
proprietary technologyhereforeit is hard topredict incremental costs for enegfficiency improvement

in panel technologieand also hard to extrapolate these incremental costs across TV models and
manufacturerdHowever,paneleffidgency improvements aa¢solikely to result in cost sagsbecause of
lower materialcosts.

In 2007, DisplaySearahalyzetherelationship between efficiency improvement and cost redad®ioRs

(Youngand Chung 2007According to the DisplaySearch analifsé2inch HD PDPs can achieam

efficiency 6 5 Im/W, the totamanufacturing costoulddecrease by®to 11%compared to theosts for
the current 2.3m/W (See Figure-21) becausé¢he high efficiencyvould allow thgpanelto uselow drive

voltageand havesimplifiedheat solutiomas well asower power supply castFor 10 Im/W PDPs, the
DisplaySearch analysdisscribed new discharge models sbhate manufacturefsad studiedAlthough

innovativePDP cell structuredhiave been expected to significantly Iqweduction cost by reduimng

numerousnanufacturingteps as well as material costs, the realizatinwsethangess uncertain

100% -4
90% -
80% -
70% -
60% -
50% -
40% -

% of Q1'07 Costs

30% |
20—
0% == == == m o S o

0%

Q1'07|Q2'07|Q307|Q4'07 |Q1'08|Q2'08|Q308|Q4'08|Q1'09|Q2'09 |Q309Q4'09|Q110 (Q2'10|Q310 |Q410(Q1'11|Q211]Q3"11 |Q4'11

—t—42" HD 100%| 89% | 82% | 76% | 71% | 67% | 64% | 61% | 58% | 56% | 53% | 51% | 48% | 48% | 46% | 44% | 43% | 41% | 40% | 39%
==42" HD W/ 5 Im 57% | 54% | 52% | 50% | 48% | 46% | 44% | 43% | 41% | 40% | 39% | 37% | 36% | 35%

SourceYoung and Chung 2007
Figure 4-21 Indexed 42inch HD Plasma Panel Costs at 2.5 Im/W and 5.0 Im/W
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4.2.4. Summary of Efficiency Improvement Options in PDP TVs

Althoughfurther efficiency improvementsHDP TVs are likely, improvementhe superefficiency levels
thatLED backlit LCDs areforecast to achieveusacertairfor PDP TVs for three reasomdrst, PDP panel
improvemenivould bethe keydevelopnentto improveenergy efficienciput the technologieseededo
improve PDP paneifficiency requirargescale and interconnected changes in design and manufacturing of
PDPs thereforethe efficiency improvement potenfraim any one optioror combiration of optionds

difficult to isolate and predict accurat8gcondalthoughimprovement of filter tramittance may be
possilte, it has tradeffs with other functionalities such as coloragygctionLast PDP market share is not

very significantaempared tahat of LCD TVs andPDPsare positioned ithe large(over 4@inch) screen
market Thereforewe conclude that currently envisioned and forthcoeffioggncy standards wikelybe
sufficient to realizéne currently available market potaar improved efficiency dPDPs

Based on the roadmap mwifajor manufactureroadmapsefficient42inch to50inch PDPsareexpected to
qualifyfor ENERGY STAR ¥rsion5in 2012In fact,five recent Panasonic PDP TV models have qualified
for ENERGY STAR \ersion5. (ENERGY STAR 2011) Howevéris uncertainvhetherPDP TVs over 50
inches willmeet the most stringent standard,\08he average anode power of 5hchPanasoni®DP

TVs inMarch2011 is aboutl60W, that of 5&%inchPanasonic and Ssumg PDP TV about180W, and

that of 63-65inch isabout210 W. Additional solutionare required fahose sizes to meet the new standard
Figure 422 shows th@n-mode poweforecast for 4ich, 1080p PDP TVs

watts
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o=11.6 ENERGY STAR 5.1(Pmax)
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60

40

20

2010 2011 2012 2013 2014

Improvement Improved cell structure, High-density phosphors, New electron emission layer,
Options Different discharge gas composition, Low-voltage driving scheme

Figure 4-22. Forecast for OnMode Power Consumption of 42inch PDP TVs
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4.3. OLED TV

Sirce 206, OLEDs have been rapidly growing in sisiakk mobile applicationsdamajor TV brands are

now introducing OLEDTVs. In 2007, the first OLED TVthe Sony 1dnch (27.9cm) XEL-1 was
introducedto the marketand LG Electronicdaunchedts first OLED TV mode] the 15inch (38.1cm)
EL9500in 2010 S o Anghi@8.6cny S a ms-umah@@2em)&8n840inch(101.6cm) and -L GO s
inch (78.7cm) OLED TV prototypes have been demonstratedeaent exhibitiongYoung 2009)It is
expected thahedium to largesize(i.e., larger thaB0inches)OLED TVs will becommerciallavailablén

late 2011 or early 2012.

4.3.1.Power Consumption & OLED TVs

OLEDs have a great advantage over LCDs in @ripewer consuntfpn because each pixel inGItED
is individually controlled to generate l@tdtording tanput signal imageHowever, therare fewdata
regardingactual power consumption for large OLED TAscording toENERGY STAR the orrmode
powe consumption ofthe Sony 1idinch XEL-1 was 26 W. (IEA 201@) According ® expertsthe model
consume&5W in full white mode (186d/m?2), of whichthe panel accounts fB\W to 10W. Thisindicates
that basic power consumptigmcluding digital signatqressingis about 183V to 16 W(i.e., in full black
mode) Accordingto manufacturersa 30 to 32inch (76.2cm) OLED TV panel consumes about \B0in
full white modedt 200 cd/m?). The ormode power consumptiai the TV seis expected to be 18%
Assuming the basic power consumption including digital signal prasdssmgto25 W at onrmode,the
on-modepower consumption of the OLEDV setis expected to babout33 W to 40 Win normal video
mode Table 420 showsOLED TV estmated ormode poweconsumption

Screen Size Screen Area Resolution On-Mode Power
(Estimated)
1Z-inch (27.%m) 51inch? )
(commercialized in 2007 (333cr?) 960 540pixels 25-26W
?%tg tizéricgcm) 384t 437incte 1920 1080pixels 3B40W
(prc;totype inZOlO) (2,4790 2,82Zn¥)

Table 4-20. Estimated On-mode Power Consumption of OLED TVs

4.3.2. Technology Options for Efficiency mprovemensin OLED TVs

The average luminous effic@@9to 60 Im/W) of OLEDs currentlyon the markeis lower thanthat of
LEDs (70to 100Im/W), but OLED TVs would bemore efficienthan LED backlit LCD TV$&ecaus¢he
total efficiencyf an LCD TV is below 10%rom backlight to screen, as describe8ection3.21, as a
result & low panel transmittancAs mentioned above, 30inch (76.2cm) OLED TV module with
1920 1080pixelsconsumes about 3 According to the manufacturgre OLED material@ccount fol60%
to 70% of the power consuption; the restis for the TFT drive The performancesf lightemitting
materials andHTs are the key factorsOi.ED TV efficiency improvement.

A] Materials Improvement (PHOLED)

According to Samsung, phosphorescent-digiitting materials are being improved and will replace

65 In generalthe power consumption réced for normal video imagskould beabout 20% of the fulhite screen at peak
luminanceHowever, since owgstimation is not based on power at pealkhanoe (5060 600cd/m2) but on power at normal
brightness (20€d/m2), the onmode power is assumed to be half of the power at the normal full white mode, based on the results
from the Sony tihch XEL-1.
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fluorescent emittersesulting in greatgrower efficieay Sansung Kim et al.2009 reportedUniversal
Display Corp <laim that a 40inch (101.ecm) OLED TV panel based on phosphorescent OLED
(PHOLED) canconsume less than Wat 300cd/m2. Figure 423 shows consumption for different types
of PHOLED TV panels.

Assumptions: -
40 - 300 cd/m? after polarizer
= 40" display
30% video rate
10V OLED+TFT is reduced to 8V

35-
301
25

Power 20 -
[w]

1517
10

PlzioO(I).gD PHOLED PHOLED PHOLED PHOLED

SourceKim et al.2009
Figure 4-23. Power Consumption Roadmagior 40-inch (101.6cm) OLED TV Panek

Phosphorescent materiaisee known to baboutfour timesb et t er t han fl uorescent
quantum efficien@®f® i.e., aimost 100% However her emission mechanisis not stable and
phosphorescent emissigrslower thafluorescent emissioim addition, development ablue phosphois
importantfor OLED efficiency improvemenBlue plays the most significant roletive overall color
reproduction capability of OLEDE. f a display want alowergpostian mhegaxis o0 deep
of color coordinasgfor better color gamut, the blpkosphors usedill consume more powén fact, blue

materials (fluorescent/phosphorescent tlae lowest efficacy level€andelas per ampeed/@) (OLED

Association 201@ccording to expertSong sl-inch XEL-1 panel consumesv®in full blue mode 2.5

W in full green modet W in full red mode, and % in full white modeManufacturerdso metioned that

tradeoffs betweerthe blue color coordinatand efficiencyave been an issue in development of OLED
displaysrather than other coloisn ot her wor ds, while manufacturers
their displays, located lawver yaxis inthe CIE color (chromaticity) diagrgfigure 424), efficiency of
lightingmat er i al s wdolor s lowethaneothemiaterials \hose blue color coordinate is located
higher than theirs

66 In theoryanOL EDG6s power dafed by enultgplyimgyinterined quantuin efficiency, external quantum efficiency, and
other factors. Internal quantum efficiency (IQE) is defined as the fraction of neutral excited states, and exteriffitignentum e
(EQE) as the fraction of emitted phosahat are coupled out of the device. It is said that max EQE is about 20% and IQE is about
100%.

63



X 380
00 01 02 03 04 05 06 07 08

Figure 4-24. CIE Chromaticity Diagram

B] Thin-Film Transistor (TFT) Backplane

Manufacturesreport thatthere have been many studiesmprovng TFT mobility which carincreas¢he
TFT drived sfficiencyHowever, this technology optismot fully developd yet becausd issuesuch as
lifetime.Oxidebased semiconductors hageentlybeen widely investigatas a solution because of their
high mobility, high transparency, low processing temperature, and potentially good. ({Risiemip10)
Many researchesse interested iaxide TFTs becauséhey have higher mobility thaamorphous silicon
TFTs and better uniformity théowtemperaturgolycrystallinalicon TFTs.Manufacturers see oxitlETs
asstrong candidatéo improvethe overall quality dDLEDs.

Although Q.EDs have energyefficiency improvemenpotential the options are stronglyetl into
proprietaryOLED panel €chnologiesincludinga sophisticated manufacturing procé@seerefore, tiis
difficult to estimate incremental costs and R&D investroentspading tothis efficiency improvement
potential Howeverwe forecasted an averagemmue power of32inch OLED TVsbased on the above
discussio. Figure 425 shows thi®n-modepower forecast.
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Figure 4-25. Forecast forOn-Mode Powerof a32-inch OLED TV
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4.3.3. Compatison of Production Gst: OLED TV and LCD TV

So farcommercially availab@®@_ED TV modelsarethe Sony XEI-1 (1%inchor 27.9cm, 960 540pixel3
and LGEL9500 {5inchor 38.1cm, 1366 768 pixel3. OLED TVs larger tharB80 inches(76.2cm) are
expected tdbe commercially availabi€2012 Becaus©LED TVsarean emerging technolodyis difficult
to predict manufacturing cost at full scale. In addition, most effigigoroyement options depend on
proprietaryOLED panel technologies

Becaus¢here isittle history of OLED TV cost modeling, the currBigplaySearcforecast for OLED
TVs is based on the history of LCD TVs. AlthatngtOLED TV cost and price forecast will become more
reliable whendargesize OLED TVs are realized in thmarket, it mighbe useful to consideurrently
expected price gaps between OLED TVs and LCD A¥smentioned in Section 2.1.3.reaent
DisplaySearch report (DisplaySearch 2011f) expectéd tbdi5inch OLED TVs will becommercialized
from the year 2012 forwanshile the previous reporftom DisplaySeardorecasted that 320 40-inch
OLED TVswould be commercialized first in 2@&cause of cosbmpetitivenesand market positioning,
manufacturers witle likely tgrovide OLED TVs over 40 inch&s flagshp modes

The average market price 40 to 55inch (016- to 139.7cm) OLED TVsis expected tbe about 2.5
times that of LED backlit TVs in 205$ shown in Figure2b. According to the repothereseller margin
for thoseOLED TVs was assumetb be296 to 31%, andthe brand margin v&aassumetb be2% to6%
during the periodl heresellemargin forthe same si2eED-LCD TVswas estimatedt 11 to 14%, andthe
brandmargin wa estimatedt -2% to 3% for the same periodlthoughit does not appeadnatOLED TVs
will bea costeffectivetechnologyin the short terpmthe production efficiency, or costse expected toe
improved as the number of products being produced incraasemcErtaintin costs igettoo greatto
make recommendations refyag a potential market transformation program eieergyefficiency
improvemenbf OLED TVs.

$2,500

$2,000
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$1,000
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40" LED-LCD 40" OLED 55" LED-LCD 55" OLED

B Production Cost M Market Price

SourceDisplaySearck01®
Figure 4-26. ForecastOLED TV Production Cost and Average Market Price
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5. Estimates of Energy Savings Potentials (BUENAS)

The Bottom Up Energy Analysis System (BUENAS) is amssndnergy forecasting model developed by
Lawrence Berkeley National LaborathBNL) in the United States and supported by the Collaborative
Labeling and Appliance Standards ProgCirASP) Its origiral goal was to provide a more detailed and
accurate assessment of the potential for energy savings and greenhouse gas emissions reductions from
energyefficiency standards and labeling programs worl®uU@NAS is used to provide an estimate of

energy sangs that would result from the SEAD initiative. The following section describes BUENAS, the

data and assumptions used for our analysis, and the preliminary results.

5.1. Description of BUENAS

BUENAS is a Obottom updé mod appliartcentygpes basedlor inputadtacfas e n e
individual product types. Usesa basic activity/intensity approach, first calculating the number of a given
appliance in each country in each year (Module 1) and then multiplying by unit energy consurhption in eac
scenario (Module 2). A third module calculates the impact of efficiency programs on the national stock of
appliances by tracking sales and retirerfréqnigse 51 shows the structure of the BUENAS analysis.

Module 1 - Activity Forecast

B ? National Macroeconomic Variables

Activity Mode!

Module 2 —Unit Energy Savings Potential

Baseline UEC

Diff Diff, - Diff, Diffusion Rates, Floorspace and
End Use Energy Demand Shares

GD GD S GD Shipments and Stock

Module 3 — Stock Accounting

Efficiency
Scenarig

’ Global Savings Potential ‘

SourceMcNeil et al. 2008
Figure 51. BUENAS Analysis Structure

BUENAS inputs argproduct ownership rates, product sales, annual unit energy consamgtaunit
percentage improvement potential. In the absence of reliable markBUEMAS forecasts appliance
stock and salassingan econontec model based on household incogress domestic produand
population

BUENAS is implemented using the Lé&tange Energy Alternatives Planning system, developed by the
Stockholm Environment Institut€his systenis a genergdurpose energy accogt model in which the

model developer inputs all data and assumptions in a format that is transparent to other users. Using this
platform, BUENAS can be easily shared for review and collaboration, includingfecemesng with

existing national modeBJENAS may also incorporate data and assumptions developed by technical teams
from SEAD14
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5.2. Description of Data Inputs

Each SEADB14 country was modeled separately in BUENAS. The detailed country and appliance data are
available in Appendik

5.21 TV Shipment/Sales

TV shipment data and forecast are available in Display®@eart{2010b, 2011a) from 20072@14 To

estimate future savings for the years 2015, 2020 and 2030, sales have to be forecast. \Ws tereddke sal

from McNeil et al(2008 based on a macroeconommodel in order to determine the growth rate of sales

after 2014. We used data from Letschert (2009) for China. The growth rates from DisplaySearch do not
appear to be sustainable after 2014, so they are shown heratag.ifdible -2 summarizes the TV
shipment/sales data inputs.

Shioment Shioment Growth Rate Growth

or Sl.oales or Spales Based on Rate Based
Country | . . AdditionalAssumptions Macroeconomic| on Display

in 2007 | in 2014 del h

(Millions)| (Millions) Model 2014 | Search Dat

2030 20072014
Australia 7.7 9.9| 20% of Asia Pacific 4% 4%
Brazil 10.7 12.8] - 2% 3%
Canada 3.8 58 | 11% of North America 1% 6%
China 39.6 60.0| - 1% 6%
Europe 381 58.9 \éVestgrn Europe + Eastern Eurap 204 79
ussia

India 12.2 17.4| - 6% 5%
Japan 9.3 85| - 0% -0.01%
Korea 6.1 7.9| 16% of Asia Pacific 2% 4%
Mexico 5.9 69 | 24% of Latin America 2% 2%
Russia 5.3 9.4| 45% of Eastern Europe 2% 7%
South 0.9 1.7| 9% of Middle East and Africa 2% 9%
Africa
u.S. 31.1 46.7| 89% of North America Market 1% 6%

Souce: McNeil et al. (2008), Letschert, (2008)laySearch (201@011pand interviews with marketing experts from the industry

Table 5-1 TV Shipment/Sales by Country and Growth Raté$

5.2.2 TV Market Share
Our analysis divides TVs into three prodlastses:

I Product Class CRTs
1 Product Class RCDs and OLEDs
1 Product Class BDPs

Market share data for 2007 to 2014 are available from DisplaySearch (2010b, 2011a). When forecasting

67 As discussed in Section 2.2k, TV data from 2007 to 2014 for Canada, China, India, Japan, and the US aieifanerits
the data for other countsi@are for T\sales
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market shares after 2014, we hold the ratio of LCD to PDP constdiorexrast the remainder of the
market using the 20@D14 trend. CRTs will definitely be phased out of the international market by 2016.
Figure & represents the combination of sales and market shares for the countries studied in this report.
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0 4
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* OLED sales will be aboutrtillion in 2014.
Figure 5-2. Global Sales of Televisionby Product Class

5.2.3 BaseCase Efficiency Scenario
In the base caswe introduce the following technology options, as described in the previous section 4.1:

1 LCDs with LED baklight unit

1 LCDs with CCFL backlight unit (All other options but LED efficiency improveraerite applied
to LCDs with CCFL backlight unit)

Table 52 summarizes thggobalmarket shares for each bease technologRifferent market shares and
EEls are pplied to each country in the analydisre data and references on EEI and market share
assumptions can be found in Appeidix

2010 2012 2014
Market Share| EEI Market Share EEI Market Share EEI
CCFL 80% 0.467 29% 0.401 12% 0.322
LED 20% 0.356 71% 0.22 88% 0.239

EEI (Energy Efficiency Indexon-mode power)-fax
Pma=4.3224 A+20 (A: dnf)
Table 5-2. Efficiency and Global Market Shares by Technology in the Base Case

5.2.4 Efficiency Scenario

We only studied LCDs in our efficiency scenario beitasiseot possible to isolatesteffective options
from futureplasmarV technologiewiith certaintyOLED TVs areincorporated asefficiency case in the
LCD scenario. CRTs will be phased out in a few years, so we did not consider this technology.

In the efficiency case, we introduce w@dulitionallevels of efficiencthat include DBEF and dimming
options
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1 LCDs with efficient CCFhAndaglobalaverage EEI of 0.345 in 2Q13isdesign would be 14% to
16% more efficient than the baseline CCFL.

1 LCDs with dficient LED BLUandaglobalaverage EEI of 0.256 in 201#isdesign would be 35%
to 36% more efficient than the baseline CEfismpatterned.GP is assumed to be employed
after 2013.

In the efficieny scenario, & assume that these efficient teclyiedfor CCFL and LED LCD<an enter

the market starting in 2012 every year the efficient designs reach 30% of the market shares for each
technologyype. In other words, in the efficisaenario, 30% of CCRICDs are efficient CCHLCDs and

30% of LED-LCDs are efficient LELCDs.

Different market shares and EEIs are applied to each country in the analysis. More country data on EEI
assumptions can be found in the Appendix B.

Table 53 summarizes the market shares used in BUENASch technology ihe efficieny scenario.
More data on market share assumptions can be found in Afpendix

2010 2012 2014
Market Shai EEI Market Shar EEI Market Shatr EEI
CCFL 80% 0.467 20.3% 0.01 8.8 0.322
CCFL Eff - - 8. %0 0.36 3.6% 0.0
LED 20% 0.356 49. 70 0.2 61.66 0.239
LED Eff - - 213% 0.56 26.4% 0.20

Table 5-3. Efficiency andGlobal Market Sharesby Technologyin the Efficiency Scenario

By combining the technology market shares and specific efficiency forecasts, we estimate an average
improvement ©10% of the consumption over the base case in 2012. Due to the rapidly moving baseline, a
re-evaluation of the efficient target has to be done on a regular basis. We assume that after 2015, half of the
2012 incremental efficiency improvement, 5% wilbgglpe. We maintain this Unit Energy Consumption

(UEC) improvement constant in every year of the forecast.

The following table summarizes the unit energy consumption values that were implemented into BUENAS.
There is no efficiency scenario for PDP an@sCRECs are given as indicative of the total TV stock
consumption.
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LCD PDP CRT

. - Base Base Ba® Base

2012 2015 2012 2015

hrs kKWh/yr kWh/yr KWh/yr kWhlyr | kWhlyr | kWh/yr KWh/yr KWh/yr
Australia 6.5 1115 107.1 82.3 75.2 237.1 202.0 110.8 109.2
Brazil 4 70.2 67.2 52.5 50.0 143.7 123.8 70.9 69.9
Canada 4.5 900 86.6 75.7 69.3 1905 171.4 - -
China 4 76.3 73.3 57.4 52.5 1453 1262 74.2 731
Europe 4 644 62.0 52.0 47.5 1465 1267 - -
India 35 60.1 57.7 45.9 41.9 127.7 108.7 59.7 588
Japan 4.5 73.2 706 60.0 549 1.0 138.6 - -
Korea 6 103.0 98.9 760 69.4 218.9 186.4 1023 1008
Mexico 4 70.1 67.0 52.4 47.5 136.7 113.8 70.9 699
Russia 4 68.7 66.0 52.9 48.4 140.1 1202 711 711
South Africa 4 70.2 67.4 51.6 47.2 1416 1227 698 68.8
us 5 100.0 96.2 84.1 77.0 2116 1904 - -

Notes: In order to simplify the forecast, UECsnammtained constant after 2015, because we only calculate savings. OLEDs are
folded into LCD UECs.

Table 54. TV Usage and Energy Consumption by Country

The following figuréFigure 83) presents a forecast for the enezggsumption of TVs in the selected
countries by TV type in the BAU. Because of the rapidly evolving nature of the tegtiheléigures after

2015 must be understood as indicaliveelectricity consumption is expected to slightly decrease in the
short term, because of a lasgale échnological transition (e.g., CRT to LCD, and &CH) to LED-

LCD) and rapid improvements in TV energy efficiency, in spite of the projected increase in penetration of
TVs in households, especially in emerging economies, as well as the projectadthe@asage screen

size of TVs purchasdeigure 5 shows the forecast for energy consumption of TVs in selected countries.
The selectedountries represent more than 85% of the global TV market. According to the forecast, TVs are
estimated to consumabout 168 TWh in 201Given that totagjlobalelectricity consumptida about 5,000

TWHe8, the energy consumed by TVs in 2010 accounts for 3% to 4%.

68 According to U.S. DOE International Energy Outlook 2010 (DOE 2010c), total electricity consumption in residential sector was
15.8 Quadrillion (Quad) Btu, equivalent to ~4,631 TWh, in 2007 and forecasted 19.2 Quad Btu, egGig&émWh;-in 2015.
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Figure 5-4. Energy Consumption of TVsin Seleded Countries

5.3. Energy Savings Potential

We evaluated energy savings potential at three points in time; after three years of a market transformation
program, i.e., in 2015, then in 2020 and 2030. Because of the rapidly evolving nature of thethechnology,

2020 and 2030 figures must be understood as inditaltile 55 and Figure 55 show the results of the
energy savings potential analysis.
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Annual Electricity Savings

Cumulative Electricity Savings from 2012

in 2015 | in 2020 | in 2030 | through 2015 | through 2020 | through 2030

TWh TWh TWh TWh TWh TWh

Australia| 0.2 0.5 1.0 0.3 2.2 105
Brazil 0.1 0.5 0.8 03 20 9.1
Canadg 0.1 0.3 04 01 11 4.6
China 0.8 21 3.3 17 9.5 39.0
EU 06 1.8 32 13 80 350
India 0.1 0.5 1.3 02 2.1 118
Indonesia 0.1 0.1 02 01 04 2.3
Japan 0.1 0.2 0.4 0.2 11 4.9
Korea 0.2 0.4 06 04 18 72
Mexico 0.1 0.2 0.4 01 0.8 43
Russia 0.1 0.3 0.5 0.2 12 55
South Africa 0.0 0.0 0.1 0.0 01 0.9
u.s. 0.7 1.3 14 15 7.3 20.9
Total 3.2 8.2 13.6 6.4 37.6 156.0

Table 55. Annual/Cumulative Electricity Savings Potential for 2015, 2020, and 2030
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Figure 55. Annual Electricity Savings Potential fron2012 t02030
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54. Emission Savings Potential

We calculated emission savings potentials froeméingysavings poterati resultst@ve. Emission factors

and growth rates for the selected countriestaleza fromPrice et al. (2006) and IEA (2006). As above,
because of the rapidly evolving nature of the technology, the 2020 and 2030 figures must be understood as
indicatie. Our calculatiorshows thaaboutl1.4 million tons of CQ (Mt CO;) can be saved annuatiy2015

and about Mt CO; in 2030thanks toenergy savings from ta#ficiency scenaribable 56 andFigure 56

show the results of the emission savings potmmaiigkis.

Annual Emission Savings Cumulative Emission Savings from 2012
in 2015 in 2020 in 2030 through 2015 in 2020 in 2030

Mt Mt Mt Mt Mt Mt

Australial 0.26 0.75 1.18 0.58 3.37 13.86
Brazil 0.13 0.42 0.79 0.29 1.83 8.37
Canadg 0.01 0.04 0.07 0.03 0.17 0.78
China 0.02 0.05 0.08 0.04 0.22 0.96
EU 0.23 0.66 1.05 0.51 2.96 12.26
India 0.13 0.48 1.13 0.26 1.95 10.48
Indonesia 0.03 0.09 0.17 0.06 0.37 1.74
Japan 0.04 0.11 0.16 0.09 0.51 1.99
Korea 0.05 0.15 0.26 0.11 0.68 2.92
Mexico 0.05 0.16 0.27 0.11 0.70 3.04
Russia 0.03 0.09 0.14 0.07 0.40 1.63
South Africa 0.01 0.04 0.06 0.03 0.17 0.71
u.s. 0.42 0.75 0.81 0.95 4.33 12.14
Total 141 3.79 6.17 3.12 17.66 70.87

Table 56. Annual Emission Savings Potential for 2015, 2020, and 2030
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Figure 56. Emission Savings Potential from 2012 to 2030
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6. Other Issues Related to Power Consumption and Efficiency

The subsections beladiscusgssues related BV efficiencythat are not discussed or fully addressed in
earlier sections of this repooirmode and rated power, brightness and power consumption, ABC, the
learning effect, and standby power.

6.1. OnMode Power and Rated Power

TV efficiency standards focus onmade power, which is typically measured using the method specified by
IEC 62087 Séion 11. Howevethe on-mode power is not necessarily the same as the rated paw¥t of

As mentioned earlier, different physical principles govern energy consumption for each type of screen
technology. Power consumption of -setissive displays sughRDPs and OLEDs varies with the signal
imagesConsumption of conventional LCD and projection displays is independent of the inpuEsignal

backlit LCD TVs can control backlight lamps according to the image signal to varying degrees depending on
the tye of dimming technology.

The ENERGY STAR list does not include rated power data, HuChévebsite lists rated power data for
efficient TV products available in JagaAlthough theECCJdata do not include emode power
consumption, it can be bacHcotated from annual energy consumption, standby power, and assumed
viewing hour® Althoughthe IEC 62087 standard video clip does not measmedmpower for Japanese
products, it is useful to analyzeE@CJdata to compare rated power andrade paver Figure €1 shows

that the ormode power consumption trendEINERGY STAR ¥rsiond-qualified TVs

69 http://www.eccj.or.jp/cgibin/realcatalog/index.php
70 On-mode power is calculated from the following annual energy consdonptida

http://www.eccj.or.jp/law06/machine/tv_220218.pf QR wi 0

gQu
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On Mode Power of ENERGY STAR-qualified TVs (Mar 2011)
i ScreenSize 32" 37" 40" 42" 46" 50" 55" 60" 65"
Power (W) (diagonal) . X . | X ; | |
1 1
300 ! ! !
1 1 i
1 1 I
1 1
i : :
1 1 I
1 1 I
250 ' : : e
i : :
i i o
1
1 1
od
200 ! & il
i ’ ;; .><: —f—EnergyStar Ver 4
i : i P —#—EnergyStar Ver 5
1 1
| o X i < LCD
10 | | ©® Plasma
§ X
* T
100 |
X
1
1
i
» 1
50 R !
1
1
1
1
i
0= : Screen Area
1500 2000 @neh?

Figure 6-1. OnMode Power of TVs listed in ENERGY STAR

About 36% of the totaENERGY STAR ¥rsiond-qualified TV=n the listmeetENERGY STAR ¥rsion

5 criteria. In particulafive PanasonieDP TV models are includathongthe ENERGY STAR ¥rsion5-
qualified TVsTheECCJTV data (Figures-® and 63) show an omode power trend that is consistent with
the ENERGY STAR data shown in Figuré, Gut theECCJratedpower and omode data are not
consistent. The gdpetween ratedower and omode power increases with increasing screen size for the
ECCJdata.
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On Mode Power and Rate Power of LCD TVs (Japan)
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Figure 6-2. On-Mode Power and Rated Power of LCD TVs (Japan)

On Mode Power and Rate Power of PDP 1080p TVs (Japan)
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Figure 6-3. On-Mode Power and Ragd Power of PDP TVs (Japan)

Within each screen size class, the focus appears to have been on mirimiriagpower levels regardless
of rated power levels. For example, the rated powerin€lBRCD TVs is between 38 W and 130 W, but
the onmode powefor most of the same TVs is close to 40 W. In contrast, PDP -mModa& power is
much lower than rated power. For exantipdrated power of 4lhch PDP TVs is between 335 W and 477
W, but oamode power of the same TVs is between 93 W and 138 W, wiidhts 22% of the rated
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power levels. Power consumption of PDPs, which ammsstfive displays, varies with the TV signal and can
be also controlled by ABC. Figuré showECCJdata for ormode and rated power of-B2h LCD and
42-inch PDP TVs.
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Figure 64. On-Mode and Rated Power of 3ihch LCD and 42inch PDP TVs (Japan)
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6.2 Brightness and Power Consumption

Brightness control functiods.g., ABC for external light conditions, dimming techniques in LCD backlights,

auto power control in PDPs,caauto current limit in OLED8p | ay a signi ficant rol e
on-mode power. However, currigravailabl@Vs still consume more power in modes other than the default

home mode. According to Ecos (Ecos 2010), the effect of various disgtaygs on TV power
consumptiorweas significant fomanymodelswhich wereananufactured between 2007 and 286€ording

to the observatiom,t he ef fect of di spl ay sett ioforgmmanyomadel§ V. p o we
differences of 2:1 or everl 3vere observed from the lowest to highest pba@msuming combination of

s et t(EcosiB8l0)batis mainly becaukeminance values vary acrosdablaipresets on each fmdel

This means that current TVs have potentialgréatlyincrease or deease power consumption, depending

on display settings. In fact, according to ENERGY STAR 2011, luminaeétauih rdoddor LCD and

PDP TVsvaiesfrom 53to 527cd/m2. As this wide range maguggesthat someconsumersvould adjust

their T V display settings from default home modeattier modes fotheir preferences, resulting in power
increase or decreaBgure €6 illustratean example of power consumptiona 46inch LED-LCD TV in

various modes.
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Source: Ecos 2010
Figure 6-5. Power Consumptia of a 46inch LED-LCD TV in Various Modes

As mentioned earlier, LCD TV panels larger than 30 inches have been manufactured with a target luminance
of 400 to 500 cd/m In general, the luminance corresponds to retail mode or to the brightest selectable
mode whereas the luminance in default mode, in which TVs are shipped, is lower than the maximum level.
The ENERGY STAR standard statesf o qual i fy as ENERGY STAR under t
the product i n t hmneodetsd shipped shal mat be, lessotiian 65% of tthe @ealdl@rinanad of
6retail 8 mode, or the Dbinfag,a82emsdch sleC@cTVWbhd eapeareasged
default mode was about 75% of the average luminance mghitesb selectable preset mode. The most

efficient models in this class all have similar features, including ABC enabled as shipped. Some models from
major brands show relatively low luminance levels in both modes. Even though overall TV efficiency has
been getting better, brightness control plays an important part in low TV power consumptiorl Table 6
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showstheluminance of 3thchLCD ENERGY STAR TVs imefault andrightestmodes

. . Luminance in
On- Luminance in Brightest
Brand Model Resolution ABC Mode Default Modeas Selectable Preset| (a)/(b)
Power Shipped (cd/m2) Mode (cd/m2)
W) (@ )
UN32D4000ND 1366 768 N 30 199 210 0.95
Samsung | UN32D5500RF 1920 1080 Y 37 330 343 0.96
LN32D550K1F 1366 768 Y 42 278 322 0.86
VIZIO E320VP 1366 768 Y 36 361 433 0.83
M320NV 1920 1080 Y 52 305 396 0.77
LG 32LV25 1366 768 Y 41 250 331 0.76
HAIER LE32C1320 1366 768 N 41 260 331 0.79
Son KDL -32EX520 1920 1080 Y 47 192 283 0.68
y KDL -32EX720 1920 1080 Y 48 219 306 0.72
TC-L32E3 Y 38 302 346 0.88
Panasonic | TC-32LX34 1920 %080 Y 42 218 302 0.72
TCL32C3 %6 768 Y 42 228 327 0.70
Averagef total32inch LCDTVs (n=167 ng 63 269 357 0.75

Source: ENERGY STAR 2011
Table 6-1. Luminanceof 32inch ENERGY STAR TVs in Default and Brightest Modes

6.2.1Auto Brightness Control (ABC)
ENERGY STARVersion Zriteria(ENERGY STAR 2011tspecifithe following equation to determore
mode power o TVin which ABUs activated by default whtve TV isshipped to the engser

0p ™ U 0, mMu 0 | (4)
Where:

P.l broadcastdo t h e a vhodegpower cansumption in watts and rounded to the nearest whole
number, taking into consideration thatThewill be in low ambient light level conditions 45% of the
ti me. o

P,_broadcast:d0 t h e a vnodeggwer cansumption in watts and rounded to the nearest whole
number, and tested with a moim ambient light level of 300t er i ng i nto the sen

Pac: 0t h e a vneodeapgwer consumption in watts and rounded to the nearest whole number,
with an ambient | ight | evel of zero (0) |l ux mea

On-mode power of TVs in which ABC is activated by default is expected to biedofeenther TVs. To
compare the effect of ABC, we categorized the TVs in the ENERGY STAR list according to their ABC
status ashown in Table-8.

TotalNumber of Number of TVs with Number of TVs with No ABC or ABC
ABC Enabled when X
TVs . Not Enaled when Shipped
Shipped
LCD TV 920 532 388
PDP TV 119 116 3

Table 6-2. ABC Status of ENERGY STAR TVs (Mar2,201)

Table 62 showsthat more tharb0% of ENERGY STAR ¥rsiond-qualified LCD TVs hee ABC enabled
when they are shippdd. addition, ahost all PP TVsthat qualifyfor ENERGY STAR ¥rsion4 have
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ABC enabled when shipped, andually allTVs in the current marketith screens larger than 30 inches

thatmeetENERGY STAR ¥rsion5 criteriahaveABC enabled when shippétigures-6 and 67 show on
mode power of TVs with and without ABC default setthB€. appeardo beessentialor PDP TVs to
meetENERGY STARcriteria. It is expected that ABC will continue to play a significant mofenmizing

TV power consumption.

On Mode Power of ENERGY STAR-qualified TVs (Mar 2011)
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Figure 6-6. On-mode Power of TVs without ABCDefault Setting (N ,,0)

On Mode Power of ENERGY STAR-qualified TVs (Mar 2011)
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Figure 6-7. On-mode Power of TVs wih ABC Default Setting (Y.
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levelto obtain alow power reading he Swedish Energy Agency ateonmentedhat it is important to

provide manufacturers with guidance for ABtings anthatthe test procedureeeds to prevetiie ABC

function from beng used counterproductively to bypass efficiency requirements such as ENERGYSTAR
Version 5These comments refer ABC settingshat allow manufactureto claim energy savings during
testingput theTV purchaser ihen prompted to disable the ABC for a brighter screen, whichraeand

that the energy savings documented by the test procedure would not be achieved when the TV is actually
operated by a usekll major manufacturerzovideat kast one model of Tthat is shippedvith ABC

activated. To ensure that ABC is properly used as an efficiency improvement option:

1 ABCneeds tde activated by default for all TVs eligible to participate in market transformation
programs.

1 ABC needs tbe eaier to adjudhan to deactivate completely.

1 The ENERGY STAR test method to account for ABC needs to be revised to test at more realistic
ambient lighting levels.

The draft ENERGY STAR Version 6 requirements (ENERGY STAR 2011c) imalensednethod fo
ABC. Onmode power consumption for TVs with ABC is expected to be calculated as a weighted average of
power consumption at various ambient lighting levels that are agreed upon by manufacturers.

Effect of ABC on Onmode Power of ENERGY STARqualified TVs

Figure shows distribution of ENERGY STARialifiedLCD TVs by ABC settingABC is typically
enabled whelarge screen size4®#) TVs are shipped, but there is still significant potentiahiall and
medium screen size4&) TVs to be shipped with BC enabled, thereby reducimgrmode power
consumptionFigure €8 shows distribution of ENERGY STAfalified.CD TVs by ABC setting.

Number of LCD TVsin the
ENERGY STAR list

600

500 -
B ABC Enabled No ABC or ABC Not Enabled when shipped

400 -
300

200

N . I .
0 T . T T T

Total <30" 30"< Screen Size <40" 40"< Screen Size <50" 50"< Screen Size

Source: ENERGY STAR 2011
Figure 6-8. Distribution of ENERGY STAR-qualified LCD TVs by ABC Setting

As the ENERGY STAR da set provides only one-orode power figure for each model, it is difficult to
analyze the effect of -MBJE powear. Adcdrding to la aatagset froamniCFa T V
International, which has provided technical and analytical support foEIR&GEISTAR program, 17% of

ENERGY STARqualified TV models (only LCD and PDP TVs) do not lBERGY STAR ¥rsiond
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criteria with ABC disabldah. particular, it seems that ABC is important for GOED TVs and PDP TVs
to meet ENERGY STAR criteria. Figur@ 8hows omode power of ENERGY STARgualified TVs with

ABC disabled.

On Mode Power of ENERGY STAR Qualified TVs with ABC disabled
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Figure 6-9. On-mode Power of ENERGY STARqualified TVs with ABC Disabled

We comparedremode power data from the ENERGY STAR datd setE NERGY ST i@ bel ow)
mode power dat@r the same TV modeis default modevith ABC disablefl 0 A-BCs abl edhe bel ow
data wer@rovidedby ICF Internationakigure €10 shows the results forimacreen sizeategorieBased

on the findingghe average emode power of ENERGY STAR TVs with ABC enablé¥tdgo 20% less

thanthe average in ca8BC settings ardisableddepending on screen or backlight technology and screen

size.
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Figure 6-10. Effect of ABC Setting on AverageOn-mode Powerof ENERGY STAR TVs

a.32inch LCD TVs

The average emode power o044 ENERGY STARqualified32inch CCFL-LCD TV modelswith ABC

enableds 63W. The average anode power of the samd modelswith ABC disabled isT7W Likewise,
the average emode power 0f24 ENERGY STAR32inch LED-LCD TV modes is 2 W with ABC

settings enabled. The averagenode power of the sarid modds with ABC disabled is@W. For 32inch

LCD TVsthat haveABC settings enabled, the-rande powemasabout 36 to 31% less than emode
power in their default modes with ABC settings disabled, ie@épiv modelsigure 611 shows omode
power distibution of 32inch LCD TVs with ABC and without ABC.
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Source: Aut hor sd IloterhmaitonalOadltandoENERGE STAR 20b1ln | CF
Figure 6-11 On-mode Power of32inch LCD TVs with ABC and without ABC

b. 40inch LCD TVs

The average emode power of33 ENERGY STAR4CGinch CCFLELCD TV modelswith ABC enableds

94 W. The average anode power othe same modelwith ABC disableds 118 W. Likewise, the average
on-mode power of BENERGY STAR32inch LED-LCD TV modelswith ABC enableis 2 W. The
averge onmode power of the same modeith ABC disableds 79 W. For 46inch CCFLLCD TVswith
ABC enabled, emode powemasabout Po to 31% less than emode power in their default modes
without ABC. For 4ihch LED-LCD TVswith ABC enabled, emode powekvasabout 46 to 25% less
than oamode power in their default modes without AB@ure 612 shows omode power distribution of
40inch LCD TVs with ABC and without ABC.
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Figure 612. On-mode Power of40-inch LCD TVs

c. PDP TVs

The average emode power of AENERGY STAR42inch PDP TVanodelswith ABC enabled 1 W.
The average emode power of the same modeith ABC disableds 114 W. Likewise, the averagenode
power of 32ENERGY STARS5CGinch PDP TVmodels is 140 W. The averagenmde power of the same
modelswith ABC disableds 162 WFigure 613 shows omode power distribution of PDP TVs with ABC
and without ABC.
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Figure 6-13. On-mode Power of PDP TVs

For 42inch PDP TVsawith ABC enabled, emode powewasabout 2% to 17% less than emode power
in their default modes without ABC. Forits€h PDP TVswith ABC settings enablediy-mode powewas
about9% to 23 less than eamode power in their default modes without ABC.

The effect of ABC on reduction in-arode power varies with TV modélscording to Ecos (Ecos 2010),
implementation of ABC rias widely with TV models. Some ufactureramplemented ABC in a linear
scalewith screen luminancereasingteadily with increase in ambient ligvelsin other cases, luminance
of a TV would drop sharpst low ambient light levels, edgtp 50 lux, but wouldtherwise be relagly
high for allother ambient light conditions. Accordingmemanufacturer, the ABC waasignedo change
the screen brightnesen linealy as the ambient light chaddmearly Although sme manufacturersayn
be utilizing the ABC as means tolijugNERGY STAR requiremen&BCs are designéa adjust screen
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brightness to a level where consumers feel adequate or comfortable watching TV in given room conditions.

Although it is expected that the ABC test method for ENERGY STAR Version 6 walttialty revised,
at this stage the effect ABC settingn TV on-mode powecan be estimataéad a range 010-30%.

6.3. Technological Learning (Learning by Doing)

Although weassumehat DisplaySearch forecast of future TV prices and costs useddpatisnclude
technological learnirigpplicitly in this sectiomse the experience curve approach to model technological
learnindor illustrative purposenly

The experience curve is an empirical model based on historical data fits of pricesar{@pdata to
cumulative production (XYhis modehas been applied to a wide range of produ@sOOE 201).
Althoughoexperi ence curvesd and Ol ear ni sthey cepresene s 0
different perspectivéisat are relevamd studies of differersicope. According to.&DOE (2011), learning
curves are generally used when the study focuses ork e r  a n d learaimga gtebduees tabord
hoursfor a single standardized prodfroim a single manufacturer. Experienaevesi usually focus on
broader classes of products, e.g., all refrigerafaoich may encompassnany models built by many
manufacturer88ecause of the range of TV models considered in this stuligcues experience curves
focusing or.CD and PDP TVsnd usingylobal TV shipment data and&UV market price

6.31. Mathematical Form
The experience curve has the following form:

0w 0& é ix

where0 & represents the price at cumulative productiod Xstands for the price of the first unit
produced, and b is the learning rate parameter.

The price learning parameter (LR), is represented as follows:

0Y p ¢ é iif

anddescribes the fractional reduction in price expected from each doubling of cumulative production. To

obtain the learning rate parameter, Equation (1) is linearized by taking the natural logarithm of both sides of

the equation
1700 oad 110 é iif

6.32. Historical Data for LCD and PDP TVs

Historical TV shipment and price data are based on DisplaySearch reports (DisidagSka@hOe,
20109, 2011a). To determine the normalized price of TVs among various seregn simdels, we
calculated volumeeighted average prices for LCD and PDP Be¥sausabout 70% of LCD TVhave
screens betwe&® and44inches,and more than 90% of PDP TWave screerisetween 4@nd 50nches

the volumeweighted price of PDP TVshgher than that of LCD TYgven though the average price of
PDP TVs is lower than that of LCD TVs in the same screernTalde 6 shows the volumeeighted
average prices of LCD TVs and PDP TVs.
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LCD TVs PDP TVs
Average Price ($ G'gf;‘r'e'\"(gj: ;( et Average Price ($ Glgﬁzlré\/l (e;/rol;et
1 519 h $193 8.0% - -
20XH1hH $259 0.9% - -
25XH9 h $319 9.9% - -
30H4h $498 40.7% - 0.0%
3539 h $592 7.9% $09 1.3%
4 6H4 h $798 21.2% $638 56.5%
4 559 h $1,062 8.0% $785 2.8%
5 0H4 h $1,194 1.26 $1,057 35.7%
5 5M9 h $1,766 2.0% $1,676 1.7%
600+ $2,789 0.3% $2,277| 2.5%
Volumeweighted
average $609 - $83B -

SourceAut hor s 6 ,DisplaySearth&2®10go n s
Table 6-3. Average Market Price of LCD and PDP TVs in the |3., I Quarter 2010

In addtion, historical prices are adjusted by the consumer price indék.&mBepartment of Labaxpril
15, 201}, excluding the impact of inflation.

6.33. Learning Rates

Becausa full historical data set for LCD and PDP Wdsnot available, we assuthat the first quarter of
2007 represents the initial production. Based on the data from 2007 to 20&Ckave equations, the
learning ratéor LCD TVs is approximately.6% andhe rate foPDP TV is approximately 22.1%. In other
words, the learnjnrate of 4.6% indicates a#5% drop in price for a doubling in cumulative production of
LCD TVs.Table & summarizes price learning rates for LCD TVs and PDHR-ifge 614 shows a graph
corresponding to Tabled6

Technology LCD TVs PDP TVs
Trend Price learning Price learning
b parameter 0.269 0.3599
Learning Ratéo) 14.6% 22.1%
Years Included 20072010 20072010

Notes on Shipments
Data

Quarterly cumulative shipments of
LCD TVs in the global market

Quarterly cumulative shipments of
PDP TVs inthe global market

Notes on Price Data

Volumeweightedand Inflation
adjustedDisplaySearch prices usin

CPI

Volumeweightedand Inflation
adjustedDisplaySearch prices usin
CPI

Table 6-4. Price Learning Rates for LCD and PDP TVs
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Figure 6-14. Price Learning Rates for LCD and PDP TV$2007 to 2010)

As seen in Figure 3, it is difficult to conclude that the relationship between LCD price and cumulative
productionis successily matchedwith a linear functionn fact, assuming that the DisplaySearch forecast is
very close to the actual values during the period from 2011 to 2014, b p@eenEguation Yjiof PDP

TVs isslightlydecreased while that of LCD TVs is ineealh other words, the learning rate for LCD TVs

is expected to increagsilethe ratfor PDP TVs is notAccording to the results, the learning rate of LCD
TVs for this case is 18.4% and that of PDP TVs is 2Figre 615 shows the price learningesa
including the forecast data from 2011 to 2014.
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SourceAut hor so DispldlySeértiﬁlObi, 20108010gand 2011a
Figure 6-15. Price Learning RatesEstimated for LCD and PDP TVs (2007 to 2014)
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Given that the global shipment of LCD TVs kéepeasing while that of PDP TVs is expectedrnain
nearly constaythis difference in learning curgeems reasonable.

6.4. Standby Power

The subsections below define standby power, and characterize TV standby power use of network TV as well

as poential improvements.

6.4.1. Definitions

TV gandby mode poweonsumptiontypically <1 \s much less than @node powerbutit is necessary
to consider totalV energy consumption in TVise., standby plus -omde power. Thiseportfocuses
mainly onscreen technolggefficiency improvement potentjaldich are associated withrrande power,
but webrieflydiscus§V standby mode power issues in this se@efore we discustandby power in TVs,
it is important to note that there are many defisitad lowpower modes in devicésrecent report from
APP&IEA (APP&IEA 2010proadly categorizesoductmodesas active, lowpower, or disconnected
Table €5 describethesghreemodes.

Modes

Descriptions

Relevant Terms

Active/High Power

)l

0 An a cde bfva@rodombdis where one or
more primary functiofs are operating or
activated. o

Some products, e.g., computers, can operate
di fferent |l evels 1in
mode where the products is immediately read
be active but is doing g useful.

On, In-Use, Active, Idle

Low Power

In low-power modeno primary function is
operating.

Network functions can be available depending
particular product design.

Many ofnetworkfunctions can be present in
active modes as well.

Off, StandbyActive
standby, Passive standby
Network standby, Sleep,
Idle, Fast start

Disconnected

= =A =42 =

Although in principle the product is using no
mairs power when disconnected from all powe
sources, some mobile devices with internal b
power can remain active.

oUnpluggedd

Source: APP&IEA 2010

Table 6:5. Power Mode Categories

Our discussionf TV standby power will focus aw-power modes in TVand uses the followirgncepts

and definitions

Off Mode

I n general, o0off moded othecanditfor in whichdhe praduct is cornected e s 6
to a power source but provide usetoriented functions. The product cannot be remotely activated in this
mode. This mode is different fr odECo2087920Ll)kGect ed

62301 (2011)ENERGY STAR (2011b) and the International Standby Basket of Products(2odjext
driven by the Australd]i

whi

ch

S

an

Government 06s

71 In general, primary functions encompass the intended purpose or use of thedphedutain energy service the product
provides, e.gwashing clothes for a clothes washer, and display of a picture with sound for a TV. Secondary functions are all other
functions which can support the primary function or assist with the use and operation of the product. (APP&IEA2010)

88

t

h



providethefollowing definitions

Definitioodeof o Of f N Source

oThe appliance is connected to a power source, fulfills no function ar
cannot be switched into any other mode with the remote control unit| IEC62087 Ed.3 draft, 201
external or internal signal .o

0The ener gy usi nganmnopdwercsource andisr
providing any standby mode, network mode or active mode function,| IEC62301 Ed.2, 2011
the mode wusually persists. o

0O0Of f mode is a mode where the
source and is not providing any Ondéloer Sleep Mode functions, and | ENERGY STAR 2011b
where the mode may persist for

o0Of f mode is when a product or

but does not produce any sound or picture, transmit or receive inforn
orisvai ting to be switched 0ond b
remote control, it cannot be woken by the remote control from off dng
it can only be activated via the power switch on the product. No displ
should be active in off mode. While the pcochay be doing some inter!
functions in off mode (e.g., memory functions, EMC filters), these ar¢
obvious to users. An LED may b

Table 6-6. Definitions of Off Mode

International Standby
Basket of Productwoject
2010

Standby Mode

In generalin the standby modmategorythe product is oand connected to a mains power sobutéhe
product isnot performing its main functio®ne or more of the following usmiented or protective
functionsisavailable (APP&IEAMLO, adapted from IEC 62301 Edition 2 final draft international standard):

1 Function to facilitate the activation of other modes by remote switch, internal sensor, and timer
9 Continuous functiod information or status displays including clocks
9 Continuous foctiond sensobased functions

According tathe EuP Preparatory Study Lot 6 (Fraunhofer 23)7 there are three basic approaches for
defining standbipat either do or do natcluce off modes

1 The lowespower mode of a product (including 0 W)

1 A mode when the product is using energy, but no main function is running

T A mode when a product is oOonot effectively del
system (o0idle | ossesd)

Within standby mode, furtherndubdtcviseoss madbioac
oOpassive standBy terremyyusing product is ofbut can be powered up remotely, agcan be done for

TVs VCRs, and audios. This also may include basic clock and memory functions (APP&IEA 2010)
oactivestandby  terfergyusing product is on but does pobvide primary functions,g.as is the case for

settop boxes (Kim 2010)EC 62087 (2011) afidhe International Standby Basket of Products p(2f&i)

provide following definitions
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Definitions of Ative Standby / Passive Standby Source

Standbypassived The appliance is conne
neither sound nor picture but can be switched into another mode witl IEC62087 Ed.3 draft, 201
remote contr ol unit or an intej|

OPassive standby is when a product or appliance is not performing it
main function (sleeping) but it is ready to be switched on (in most ca|
a remote control) or is performing some secondary function (e.g., ha| International Standby
display or clock which is actinehis mode). This mode also applies to | Basket of Products projec
power supplies for battery operated equipment (portable appliances| 2010

are intended to be used when disconnected from the base station) w

appliance is not being charged
Standbyactive, low:6 The appliance can a
another mode with an external ]
Standbyactive, high. 6 T h e appliance i s e IEC 62087 E draft, 2011
with/from an external source. o

OActive standbyis when the appliance is on but not performing its
function. This mode is usually present in devices (a) where th¢ International Standby
mechanical function which is not active, e.g., DVD drive to motg Basket of Products projec
where power circuits are,ar (b) where a device has a battery an| 2010

device is charging. 6

Table 6-7. Definitions of Active Standby and Passive Standby

0 S/ e e p isha vhwassal, but it can be defined as a mode whereetggusing product switches off

some functions after a certain period of inactivity or by manual selection (Kind 210 e p Mo de 6
sometimes the same as or a subset of starwdtey Wh et her this mode is ooff 6
of 0 o f.6 ENERGYI STAR $V requirementhaveb een using O0sl eep moded i
with the same concepts described above, and dedisfetiows

1 0Sleep Modeis defined as the time when the product is connected to a power source, produces
neither soundnor picture, neither transmitsor receives program information and/or data
(excluding data transmitted to change the uni
waiting to be switched to On Mode by a direct or indirect signal from the coagumeith the
remote contrab (ENERGY STAR 2011b)

Network Standby Modescan be defined as any mode where network function(s) are activated but the
primary function is not activattePP&IEA 2010)Products in network standby mode can wake in response

to information over the network. Accordingtbh@ EuP Preparatory Studies Lot 26 (Fraunhofer 2010a),

net worked standby modes are defined as oOcondition
but retains the capability to resume applicationscugh a remotely initiated tr

Although there have been numerous definitions and proposals for deffitmmwer modes, detailed

discussion is out of scope of this report. In addition, modes vary within a product asnei psoduct
typesPowered devicesiginally had only two basic states: onlddiw there arenany intermediate modes

between on and offvith differentfunctionalities and power levels. In particular, increasing network
connectivity makes it more cdepto define lovpower modes in appliancathoughit is expected that

the power modes of the future will be possibly categariged@ s | eep 6 (i ncluding net.\y
andooff, ibis important to notthese terms are not yet harmonizebadly

6.4.2. Standby Mode (Sleep Mode) Power of TVs
Currentlya majority of TVs consume close to or less than 1 W in standby, mostly passive .Standby. U
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ENERGY STAR requires that measured powgrofPa TV in sleep mode be less than or equal &.1.0
The simple average of sleep mode power of ENERGY -§T&lRedLCD and PDPTVs is 0.33 W
(ENERGY STAR 2011). About 70% of the TVs conslesgethai®.5 W in sleep mode (Figur&6p. Sleep
mode poweconsumptiordoes not depend on screen size (Figdr@, &ndthe averagestandby power of
TVs listed irECCJis in line with the tremshown byENERGY STAR TVs (Figure 1B).
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Figure 6-16. Distribution of Sleep Mode Power of ENERGY STARjualified LCD and PDP

TVs
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Figure 6-17. Sleep Mode Power of ENERG STAR-qualified TVs by Screen Area
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Figure 6-18. Average &epMode Power of TVs in Japan and the .S.

Consumption in Standby Mode (Sleep Mode)

Becausstandby power does not depend on screen size, energy consumption in standby modg is relativel
simple to estimate compared to consumption imade. Assuming that the average standby power of
ENERGY STAR TVs represents all TVs across the gialibatthe averageorldwidedaily ontime usage

is 4 hourswvhilethe remainin@0 hours are spent standby modeahenthe total energy consumption in
standby mode of new TV sales can be estimaledaibed belovotal TV sales (for CRT, LCD, and PDP

TVs only) areexpected to increaby 16%from 247 million units in 2010 to 287 million units in 2014
(DisplaySearch 2011a)t annual energy consumption in standby mode is expected to bycfeé%efrom

671 GWh in 2010 to 715 GWh in 2014 because LCD TVs consume less power in stanatiiahah

CRT TVs (Figure-69).
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Figure 6-19 Estimates of Energy Consumption in SleegMode by GlobalTV Sales

If we apply the average sleep mode power of ENERGY STAR LCD and PDP TVs and the average standby
power of CRT TVs in Japan to all other TVs sold in other countries, annual energy consumption per unit in
each country is ahown in Table-8. The results indicate tharaal energy consumption per TV in standby
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mode is not significant compare@t@rgyconsumption in omode.

LCD PDP CRT
Hours of Hours of
Country Usage Non-Usage | On Mode |Jeep Mode| On Mode |Sleep Mode¢ On Mode |Sleep Mode
per Day per Day UEC 2012|UEC 2012 |UEC 2012 |UEC 2012|UEC 2012|UEC 2012
(On Mode) | (Standby)
hrs hrs kWh/yr KWh/yr kWh/yr KWh/yr KWh/yr kWh/yr
Australia 6.5 17.5 111.5 2.20 237.1 1.62 110.8 3.60
Canada 4.5 19.5 900 2.46 190.5 1.80 - -
China 4 20 76.3 2.52 145.3 1.85 74.2 4.12
Europe 4 20 64.4 2.52 146.5 1.85 - -
India 3.5 20.5 60.1 2.58 127.7 1.89 59.7 4.22
Japan 4.5 19.5 73.2 2.46 158.0 1.80 - -
Korea 6 18 103.0 2.27 218.9 1.66 102.3 3.80
Mexico 4 20 70.1 2.52 143.7 1.85 70.9 4.22
Russial 4 20 68.7 2.52 140.1 1.85 71.1 4.22
South Africa 4 20 70.2 2.52 141.6 1.85 69.8 4.22
uUs 5 19 100.0 2.39 211.6 1.75 - -

Table 68. Estimates of TV Unit Energy Consumption (UEC) in On-Mode and Standby
Mode

6.4.3.Recent Trendsof Standby Powein TVs

Recent TVdave manyewfeaturesincluding network connectivity, hard gi€R/D recorders, and digital

tuners. Withtheseadditional features, these products are often required to have fast boot times. In particular,
conneted TVs (or smartTVs) are because of their integrated featliledy to consume more energy in
standby modthancurrent conventional T\g.

A] Fast Start Mbde

Although most TVs feature very low standby mode power, much less than 1 W, oneussué DVsis
booting (or reactivating) time which can increasi
the TV system to power up within a few seconds from these Awmeging to the EuP Preparatory Study,
faststart options consugrmore than 25 W in standby éomplexTVs (Fraunhofer 2010ccording tca
recentreportfrom ECCJYECCJ 209), fast start optionsontributeabout25 W on average (Min 11.7 W, Max

68.0 W)to standby power consumption in a TV. As the papdime carvarydepending on the actions

required tdooot (orreactivatedevices, slowoot (orwaké time willsuggest that consumers will be likely to

choose a fast start maaléhoughthe mode consumes more power than the default staalley69 shovs

power casumption for fast start modes in TVs.

n Average max min
TVs 50 24.45 68.00 11.70
CRT 2 11.70 11.70 11.70
LCD 48 24.99 68.00 11.70
PDP - - - -
DVD-VideoHDD built-in TVs 20 29.60 44.00 18.00

Source: ECCJ 20unit: Watts
Table 69. Power Consunption in Fast Start Mode of TVs

While it is not expected that the maximum level of power consumption in the fast start mode will increase,
energy consumptidan the mode (as a standby modél be significant once it is chosen by the, aser

recent smarTVs (connected TVs) may drivethpse functiongowever, it is difficult tpreciselyorecast

additional energy consumedhe fast start modes of TWecaussufficientmarketdataand consumer

usage datare not availabhkt the time of writingAssuming thai0-30 % o f LCD TVs (O 30 i
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marketardwill be operated irffast start modéaverage 25 W, 20 hours per day), instead of normal passive
standard modéhe annual energy consumption in the fast start mode ¢pdtestially to bsold in 204
isestimated to babout3.96 11.6 TWh.

TWh
14

12

10

30% of LCD TVs

8
—f—20% of LCD TV's
6 ——10% of LCD TVs

2010 2011 2012 2013 2014

*LCD TVs 30 inches)
Figure 6-20. Estimates of Energy Consumption irfFast StartMode by Global TV Sales

Although fast start mode is not necessarily a netelarkéd featuréhe fast start optiacoincidewith
additional network connectivity facent connected TVs (smart T\M&)ot time (or wake time&)epends
mainly on memory size, number of device drivers, and number of apptitatians closely associated
with smart TVsdqonnected TVjs

B] D ata Acquisition Mode

Active standbynodein TVs is used to perform downloads of Electronic Program Guide (EPG) and
firmware updatesAs describedn Table 67 above, Activatandby(high) is defined aéthe appliance is
exchanging/ receiving data with/fraann e x t e r (IECI620870Ed.8 dradft, 20)lENERGY STAR
alsodefines Download Acquisition Mode (DAM) in TVs as below.

oThe power mode in which the product is connected to a mains power source, produces neither sound
nor picture, and is actively ddoading data. Data downloads may include channel listing information

for use by an electronic programming guide, TV setup data, channel map updates, firmware updates,
monitoring for emergency messaging/communications or other network commuadications.

(ENERGY STAR 2011b)

Accordng to the ECCJ report (ECCJ 200D TVs, Plasma TVs, and Béyrecorders consume more
than 10 W in data acquisition modesispendfrom a few minutes to one hoper day in the mode. The
power consumption in the mode vavigh HDMI connection, digitaloubletuner, stablesignal reception,
etc.According to the reportath acquisition modensume®1 W on average (Min 9.5 W, Max 41Table
6-10 showpower consumptiom data acquison modeof TVs.
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n Average max min
TVs 51 20.85 41.00 9.50
CRT - - - -
LCD 37 20.36 41 9.50
PDP 14 22.14 27 18.00
DVD-VideoHDD Built-in TVs 6 31.83 34.00 31.00

Source: ECCJ 20Qunit: Watts
Table 6-1Q Power Consumption in Data Acquisition Mode of TVs

Assuming that a TV epds 0.53 hours in the data acquisition mode, consuming &0 akeragehe daily

energy consumption in the mode is from KWh to 0.06 kWhAverage energy consumption in DAM of
ENERGY STARqualified TVs is in a range of 0 to 0.06 kWh per day (mazilouable energy in DAM:

0.08 kwh per day for ENERGY STAR VersionHbwever, it is difficult to forecast additional energy
consumed ithese data acquisition modes of b¥saussufficientmarketdataare not available. Assuming
that10-30% (1050% from2012 to 2014)f LCDandPDPTVs (O 30 i nc h/aiibeuseln t he
in data acquisitiomode(average@W, 2 hours per day), the annual energy consumption in the mode of TVs
(potentially to be sol@) 2014 is estimated to be ab@8® 1.0 TWh.

TWh
25

20

5 50% of LCD TVs
== 30% of LCD TVs

N 7.7[—”./‘. —10% of LCD TVs

2010 2011 2012 2013 2014

Figure 6-21 Estimates d Energy Consumption in Data Acquisition Mode by Global TV
Sales

According to ENERGY STAR Version 5 requirements (ENERGY STAR 2011b), measured DAM energy
consumption for all DAM statesodm) should be less than or equal to 40heaits per day (0.04 k\Widy)

which is half of the ENERGY STAR Version 4 requirerfe08 kWh/day)While power consumption for

both fast start mode and data acquisition mode is abPbiV#@®n average, energy consumption consumed

in the fast start mode, if selected, is expaxteelmuch higher than that in data acquisition mode because

the length of timéhe fast startnodeis activeAlso, energegfficiency standards have been including and
updating power requirements for data acquisition modes.

C] Network StandbyMode

In generalhere aréwo approaches for network connectivity in Tishe first the TV is Internet ready
and users can access content from the intsuet, asstreanng movies from servicesfter making a

95



physical Ethernair WiFi connection to theihome networkin the secondthe TV has asettop boxor
Conditional Access, e.g., CableCARD, hardmeamgorated. This enables users to easily access the internet
from their TVsvia the cable or satellite network, possibly without the need for atesé&hernet
connection to their home netwotkowever the currery effectiveenergyefficiencytest methos and
regulatios do not considenetwork connectivitgndenergy consumptidesting is donwith the TV not
connected to the internet or netwarkspite of a possibility of more power consumption in such cases than
power consumption in Aeetwork standby mod@&raditionally, policies to reduce energy consunfption
standalone productin low-power modedave used the strategy in€luding a muirementthat power
managemerfor a devicesnter the relevant lepower modeaunder specified conditiondowever, setting

limits on lowpower modes may not béfectivefor networked products if the products never enter those
modeqAPP&IEA 2010)

A comected TV is basically performing a subset of wiesanal computeP() does when it is in sleep
mode.Thusa TwWé&swor k standby power should be no more
mode,which isusually in a range &to 4 W (ENERGY STAR 2011¥ In fact, the minimum power
requirement for basic network processing seems tanvangTV manufacturers because it depend®n

T V tnernal design scheme and specificafioradditionjt is necessary to consider both power mode and
resumdime-to-application (e.g., boot time or wake im@rder to accurately estimate netwWaflstandby

power consumption becawsestandby mode that pernfigst boot time (or wake timgpicallyrequire

more power thaa standby mode wistiower boot time (or wake time).

However, sveral factors make it diffictdt the authorgo fully analyze energy consumpf@mconnected
TVs (smart TVs)n this reportl)lack of dat@n network standby poweand fast start optioms recent TVs
2) the rapid evtution in network technologgnd 3) uncertain effect of chargi|m user behaviowith
network TV productsMoreovey if TV power consumption inetwork standby mode regulatedit is
possibldor TV manufacturers to get their products tosRidby poweconsumptiorevelsAlthough this
report does not fully analyze network standby issues iwd&&jmatgowerconsumptiorof connected
TVs (smart TVs)n networkstandby modbased orhefollowinginformation:

1 Connected TV Market
According to Displgsearch (2011e), tbennected’V market share will increase from 44 million
units in 2010 to 123 million units in 2014 when it will account for about 43% of the total TV market.
1 Boot Time (or ReactivationTime)
According to a review from CNET (CNET 2D%6e Quick Start mode of Sony Google TV (NSX
GT1) series enables the modeisakeup in about 4 seconds by consuming 24 W of standby power,
while it takes about 45 secondpdwerup Google TV normally by consuming 0.1A&¥ording
to the EuP Prepatary Sudy (Franhofer 2010d), a recent Sony TV model {8RLX905)
consume&0 W infastreactivation mode, while it consumes 0.2 W in standbyFasistart mode
is not necessarily a netwoelated featurebut the fast start option coincidesth addtional
network connectivity. The EuP Preparatory Stechunhofer 204), provided an example that
describes the relationship.
0O0An example would be a TV display in the bed
room. The nemebox would get aupadignal via a WiFi adapter/router. This type of solution requires mor
energy than regular standby as the TV/AV receiver provides sughypataityrlonlgkeut of a higher
power state. Thecgko Starltéd opFaoinsPltdywd ar eod (
media player/recorder or complex TVs consume
could assume that a large group of products that are currently feansg ktr@dsstasaergy
consumption for faster besume time to applica
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1 Standby Power
Based on the above information, we assume lthathao u g h netaork TsMridby power

consumptiorshouldin principleb e

s i mi | seep ntoadpower céhslimptign.e., bout2 to

4 W, a connectedTV can consumaas much ag80 W in standby modedepending orthe
manufacturd@ design scheme and various options forefastivationimesandadditional features.
1 Power Management Regime
ConnectedTVs are expected temploy power management regimes. For exaoeglaiserv
viewing is a passive activity where the user interacts with the set only occasionally, it is possible that
the TV setcould be turned from ommode to a lowpower stateafter a gign period with no
interaction from the user
1 Average Daily Hours used in Network Standby Mode
Depending orthe power management regirae, ¢ o n n e ¢ t e dsagé M Getwor stamaby
mode will varywhich makes it difficult to analyze in this report.

2010 2012 2014
Total TV Shipmenimillions: M) 243.5M 263.3M 287.8M
Connected TVénillions: M) 43.9M 87.2M 122.7M
(market share (21.1%) (33.1%) (42.6%)
Network standby power (V| 330 330 330
Annual Energy Consumption .
Network StandbgTWh) 1.09.6 1.919.1 2.726.9
Cumulative Energ 1.096 4.3428 9.392.6
Consumptior{TWh) (2010) (20162012) (20162014)
Source: Di spl aySearch 2011e and author&s assumption

Table 6-11 Connected TV Market Forecast andNetwork StandbyPower

We assume that the average network standby, pmketing fast start optioof aconnectedl'V ranges
between 3 W and03W. For example, a normal power management regime withountafetstation
requirement may consume 3 W at a minimum leve ,aydiwer management regime withréastivation
requirement may consume up @V& Althoughthe maximum power required for network connecéwity
fastreactivatiortime is not expected to significantly increase because of technological impahement
average network standby power is expectearyaepending on the power management regipied.
However,becausé is difficult to forecast the average network standby power and dailin lbainsiby
modewith apower management regime, wenesé the total energy consumption in network standby power
within a possible range.
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* Daily usage in network standiydeis assumetb be20 hours.
Figure 6-22. Estimates d Energy Consumption inNetwork Standby Mode by Gobal
Connected TVSales

6.4 4. Efficiency Improvement Options in Network Standby and Fast Start Mode

To discusfficiencyimprovement options for network standby power, it is necessary to address network
technologies and relevant fact®tss section dicusses some examddaefly becausdetailsof network
communication technologies areayatimary topic othis report.

Data Link

EnergyEfficient Ethernet(IEEE72 802.3az) is a recently approved stariiatdwitches rapidly between

the full operatingpeed and thew-power idlgLPIl) mode (Fraunhofer 2010EpergyEfficient Ethernetis

applied to all equipment using common watbdrnet protocols, primarily in local area networks (LANS). In
addition, IEEE standard 802.11 specifigeless local ea networWLAN, or Wi-Fi), one of the most
common technologies for wireless network communication. This technology can beoaptiied
consumer electronics including TVs. According to an APP&IEA 4E report (2010), there are a number of
energy savingproaches for various WiFi protocols.

High-Definition Multimedia Interface (HDMlIs the most common A/V interfasefor transmitting
uncompressed digital data for TVs, AV receivermpsabxes, media players/recorders, PCs, etc. The
HDMI 1.4a speditation released in 2010 enables high speditedtional communication, -Hased
applications, 3D and high resolution support, HDMI Ethernet ch&¥gisl Living Network Alliance
(DLNA), Universal Plug and PlayRnP, andMultimedia over Coax Allia@oCA) over a single cable.
(Fraunhofer 20H4) Consumer Electronics Control (CEC) definatiétHDMI specification is a ongire
bi-directional serial bus that allows the user to command and control multigleaBGEG boxes with one
remote controfor networked devices to communicate with one anathiéie long term,his concept i
valuableapproacho energy saving in that devices manage their own power state, and HDMI is becoming
more common in the AV product market. However, it is only awvaiébin a network of fully digital
products connected via HDMI interfaces, and it seems to require mandatory, rather than voluntary,
extensioato the HDMI standaréh order to be effectively implemen{@dPP&IEA 2010)

Power Management
Many devices withthernetlinks support power management functions sualakeon-LAN (WoL) and
someWi-Fi devices suppomvakeon-wirelessLAN (WOWLAN), similar towakeon-LAN for Ethernet

72 |nstitute for Elecical and Electronic Engineers
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These enable a remote device to wake thgeyturn on a device that is asleepff. However, the device is

not oon the networkdé for dntemhétpnotocols (e.gaeldressoresalutignu r p o s
protocol(ARP) forinternet protocol versioh (IPv4). Networlproxying is a technology that allows another
network ag# to act as a proxy for the sleeping device, e.g., a comptaprbegt printer, or T\Although

many aspects of net work oOpresenced are apoveei |l abl e
mode and can only be activated when neededrticulaa, network proxyingallows a router, i.e., access

point, to act as a proxy for the sleeping client and &trebkdeeping client to wake when network requests
happen. The proxy can also be located in another edge device on the network ¢e.BCarmtian be

internal to the sleeping device, either in or nearby the network interface hardware (Fraunhofers2010b). Thi
use of a proxy agecan alsde used thelpsave network standby maumverconsumption by connected

TVs.

Inter-Device Power @ntrol

As audio/video (A/V) devices become interconnected and complex, it is important to develop technological
standards to manage their power statdincorporate solutioriato future appliances and communication.
Effective solutions for A/V intedevce power management need to embrace device autonecoytsa|f

and standard behaviors (Nordman 2011). According to Nordman, a successful precedent is monitor power
management with computers, angbwer management regigimilar to those foother deices can be
developed. Here are some examples where antMdiedn the system

Automatic actions apmderlined

a) ATV is powered up, and a DVD player is selected as the source; this causes the DVD player to wake
and start its menu. The user selggtgd and begins watching a movie.

b) The TV is later shifted to broadcast,(eayvs) in the midst ¢he DVD playepperationwhich
then pausesThe TV does not display the DVD signal for 15 minutése $9vD player goes to
sleep

c) Laterthemoviethatwas previouslyeing watched finishesmd then the DVD player shifts to its
menu. After 15 minutes with no user inghd,DVD player goes to sleeyhich causdbe TV to
also go to sleep

d) Later the TV is shifted to getting content from dogebox, vhichcauses theettop boxto wake
Thesettop boxdelivers the content via an analog connection that does not allow it to know the
power state of the TV. Four hours pass with no user interaction tettels®t, so ibverlays a
message of imminertywer down fob minutes, then goes to sleéghe TV is not already asleep,
it also goes to sleep based on the lack of signal.

These examples highlight key aspects of an appropriate solutiondevicgégnower management. Devices
in these examples

1 Expose power state over the network, i.e. whether the device is fully on, or asleep

1 Expose functional state over the networkywbetherdata streams are actually being consumed,

whethera media source is loaded (e.g. DVD or iPod), and time sinoer legtuts

i Establish default device behavior, includingdetays suitable to human expectations

i Take into account power and functional information from other devices

1 Go into a sleep state rather than to off as the normpbleer state

Accomplishinghe abovescenario is not simple and will require #emprehensive solution will require a
set of interoperability standards that cross multiplartiuaerinterface typeg\ithough reliable figures on
incremental costs and energy savelgted tdhis option are not available yet, it is expected that savings by
such automatic power control between A/V devices will be vegffeosve.
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Boot Time and Resource Consumption

According to a study (Jo, et al. 2010), for current digital TVs it-1&kesd®nds§ for the first screeimage

to appearThis latency comprises of operating system (OS) booting, initializing hundreds of hardware
registerd, and launching applicatiolmsother words, depending on actions required to boot and devices to
initiaize, the required startup time can vary, although it can be reduced by optimizing resource utilization.
Figure 63 shows an example of startup time and resource utilization of a digital TV system.
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Source: Jo et al. 2009
Figure 6-23 Startup Time and Resurce Utilization of Digital TV System

As boot timedepends on memory size and number of device drivers and application, reduction in boot time
(or wake timefor asmartTV (aconnected TV)equires additional standby power, e.g. by refreshing random
acces memory (RAMgnsuringhat the TV system runs in a different low power mode. Thus, it is possible
that smart TVgconnected TVa)ill increasingly feature such idle modes of fast play or quick start as user
selected optiongVhile all types of TVs hakeen operated on Linux OS so far, some recent smart TVs (or
connected TVs) are designed on Android I@frovement inbooting technologies, operated on both
systemsand independent of memory size, is key to eaffigjgncy improvement in fast start mode
Although there archnological optionte improveboottimein embedded system such as TVs, analysis of
themis beyond the scope of this report.

In addition to thebowe optionspccupancy sensors or motion sensocsnhelpsaveenergy by preventing

TVs from being left on when people leave the room or fall asleep. Occupancy sensors become more
important as it becomes easier to have TV displays in multiple rooms keyed to a primary source to enable
userdo not lose visual contact (or good audio) asribeg from room to room.

Network connectivity and network standbgbeing widely discussed in the policpaat@ecausef the
complexity ofnetwork technologies and their associated prqtacdtherapid evolution of theonnected

TV technology andnarket it is difficult to address network standby power in TVs independently and
exhaustively in this report. pooperlyaddress this topic, it is important to understand other relepemst

such as loypower mode policies in consumer electronidsding TVsas well adigital network standards.

For overall perspectives on network standby power, network technologies, and policy §raraawfek

73 |t does not seem to represent all current smari{ddvsected TVsAccording to CNET (2010), it takes about 45 seconds to

power up Google TV normally.
74 In digital electronics, a hardware register stores bits of infarnvate way that all the bits can be written to or read out

simultaneousligttp://en.wikipedia.org/wiki/Hardware_register
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the reader to the APP&IEA 4E repdAPP&IEA 2010dnd EuP Preparatory Studies Lot 6 and Lot 26
(Fraurhofer 2007(2)2010Q. Even though more research is necessary, options exist to keep overall network
standby power consumption J@md an important first step would be including network standby power in
TV powerconsumptiortest procedures.
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7. Summary and Conclusions

7.1. TV Market and Technology Trends

A] While TV sales and average TV screen sigo up, inefficient displays are being replaced by
efficient technologies.

Annual global TV shipments are expected to keep increasiragrowth rate of 5% from 2010 to 2014.

Average screen arealisoexpected to increaseith a growth rate of 2.3% during the same period. LCD

TVs, particularly LED backlit LCD TVs, are expected to dominate across the globe, accounting for more
than 80% of the global Tiarketin 2014andPDP TVs are expected to slowly decline. Although CRT TVs
might remain popular in some emerging markets, major TV brands are likely to provide more affordable LCD
TVs to replace CRT TVs. OLED TVérger thadO inchesare expectei berealized ir2012 but theyare

not expected tbecome cost competitive with LCD TVs in the short term. Thus, LED backlit LE&Yer'V
expected tplay an important role in TV energy savifigs.increase in more efficient TV technologies on

the market wikomewhabffset the increases in energy consumption that would otherwise be expected from
increasing sales and screen sizes.

B] TV production is globalized, however manufacturers will create additional new designsto
accelerate LEDLCD TV penetration spedfically in emerging markets.

TV manufacturing is highly globalized and concentratadptiive manufacturers produce more than 60%

of TVs sold worldwide, resulting in limited regional differences in screen technologies and sizes. However,
major TV brads are expected to provide more LED backlid TVs at lower prices in emerging markets.

This new type of loywrice model can be accomplished by decreasing the mdoiminamcdevel and
colorreproduction capability in LCD panels. Althowghwverenot ale to specifically forecast this trémd

our analysjsthese lowprice models will consume less power than typical TVs in mature markets. It is
uncertainvhethertherewould beregional differences the final assembly, e.g., power supply and tuner, of

the same TV model fromngivermanufacturer.

C] Increasing 3D TV demand can directly and indirectlyincrease TV energy consumption, but
development in screen technologies will redudhis negative effect.

3D TV demand is expected to rapidly increase,ndiccptor 32% of the global TV shipment in 2014. An
existing 3D TV in 3D mode is likely to consume more energy than in 2D mode because of 1) additional 3D
image processing and 2) relatively lower brightnessnleviegich manufacturers might increasentmegs

level by consuming more powegnin 2D mode. However, manufacturers will overcomenitrisase in

energy consumptiday developing technologies and improving efficiartogth LCD pansland backlights.

In addition, increasing demdond3D TVs couldbe associated widmincrease in averag¥ screen sizen

the market which could also increase average energy consumption unless technological and efficiency
improvements compensate for the incréémsever]imited3D contentis currenthavaifible to consumers

soit is difficult to estimate avera&je usage

D] Smart TVs (or Connected TVs) havethe potential to consume more energy than conventional
TVs.

Connectedl'Vs (orSmartTVs) are expected to consume more energy compared to curreommerted

TVs because of 1) advanced signal progéssimetwork connectivity, 2) potential larger/wider screens, 3)
increased daily usage, 4) default white background screens, and 5) network stamibfastadart option

In particular, white baalkaynds will negate or reduce the effect of dimming technology in LCD TVs.
Network connectivityill cause thesBVs toconsume more powe&W to30 W, in networktandby mode,
compared to conventional passive standby pehieh is less thahW.
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E] Inclu ding network standby power inenergy consumptiontest procedures wouldbe an important
first step tovard addressng a possible increase in standby powaronsumption by connectedTVs.

A connected T\{or a smart TVbhasically perforsa subset of what a PGes in sleep modECs typically
consume2 W to 4 Wof standbypower. However, fastart optionsnay causeonnected’Vs to consume

more thar25W in standby mod@&nd the minimum power requirement for basic network processing varies
among manufacturersCurrent energy consumptiotest methos and regulatioa do nottest T\é for
consumption when connected to tiegwork.However, if connectetV energy consumptian network
standby modevere regulatedl'V manufacturersiould likely to improvéheir produts so that standby
consumption would be comparable to thaRGs.

F] For LCD TVs, learning rate which determines the relationship betweeproduction cost (or price)
and cumulative production is expected tokeep increasing over timein the near term while the
learning rate of PDP TVs is not.

Based on the TV market data from 2007 and 2010, the learning rate for LCD TVs is approximately 14.6%
and the rate for PDP TV is approximately 22.1%. In other words, the learning rate of 14.6% indicates a 14.6%
dropin price for a doubling in cumulative production of LCD TVs. The learning rate of 22.1% indicates a
22.1% drop in price for a doubling in cumulative production of PDP TVs. However, given that the global
shipment of LCD TVs keeps growing while that of PB i expected to sustain the volume in the

market, the learning rate of LCD TVejxpected to increase and that of PDP TVs is not. According to our
analysis, the learning rate of LCD TVs is expected to increase from 14.6% to 18.5%, and that of PDP TVs is
expected to slightly decrease fB1% to 20.7%, including the TV market forecast data from 2011 to 2014.

7.2. Efficiency Improvement Potentials

A] LCD TV efficiency will improve thanks to advanced backlight sources, efficient combinatianof
optical films, increased panel transmittance, and dynamic dimming methods.

a. Backlight Sources: CCFL to LED, Simple Structure in LED backlights

In general, LED backlight TVs are 20% to 30% more efficient than CCFL backit |aiNescale
transitionis expecteétom conventional CCFL backlit LCD TVs to LED backlit LCD &Venin the
absence of a market transformation program. In additionedg®backlit LCD TVs are expected to
dominate the market atwlbecome morefficientby optimizing the backlight struict.

b. LED Efficiency: High Efficacy LEDs

LED efficacy will improvéhanks to developments &mvanced LED structure, phosphdhermal
management, and beam aadlanufacturers can reduce material @sst result oLED efficiency
improvementswhich provides an intrinsic motivation for manufacturers to achieve high efficiency in
their LED backlights. However, the efficacy of LEDs used in TVs lags that of LEDs available on the
lighting market because of technical issupsheat dissipation. IED efficacy increasey 50% from

60 Im/W to 90 Im/W, the effect on TV power will not be signifieagt, onlyabouta 15% reduction in
32inchLCD BLU power because LED poweil likely increase as LED efficacy increases

c¢. Optical Films. Costeffective Combinatiors

Typical LCD backlights require prism film(s), diffusenfs)a LGP or diffuser plateA variety of
combinatios of optical filns can go into the filstack with varyingperformanceandmateriad coss
DBEF is recognized as one of thesboptions for efficiency improvemenbptical films, butt is a
proprietary technologgnd seemsexpensive to manufacturgrBo want to minimize their production
costs As panel transmittance improves and new combinations of optical films aredjevaope
anticipated thamanufacturers will not need to use DBEF in the near f@uté.efficiencycould
nonetheless be improveddiyout 20%f DBEF were applieéntrylevelTV modelsThis analysiglso
considered a new LGP combined with prism filnghal expected to increase efficiemdyCD BLU
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by about 10%. However, this option fifesechnicathallenges relatedlight distribution uniformity
and picture quaji

d. LCD Panel: High Panel Transmittance

Improvement irLCD panel transmitt@e decreases the luminance that the backlight must achieve and
thereforeallows manufacturers to reduce the number of LiBDRe BLU. If panel transmittance
improves by 50%, from 5% to 7.5%, total-oode power igxpected talecrease by about 20¥he
awerage transmittance of most LCD TV panigieentlyavailabl®n the market is between 5% and 6 %,
andthe highest panel transmittance is between 6% and 6.5%. Accoodmmamufacturer, if panel
transmittance is improved from 6.5%ntore than 8% andadditionaltechnologies are appligde

power consumed @32inchHD LCD panelcoulddecrease by more than 35%, feam 32 W to 20

W. In addition, higher panel transmittance allows manufacturers to desidtadariven circuitry for

LCD paned, which reduces overall TV powebnsumption However, manufacturers calso save
materiad costs The options for achieving the salaminanceand image quality with better panel
transmittance are: 1) to use less expensive (and less transmissivénseptical)fio use fewer LEDs
(andtherebyreduce power consumptioBanel transmittanée expected to increaseup to 7% or 8%

for afew manufactureis p r @wkeuticetnexfew yearsbut this option requires R&D investment
rather than incrementalste. In addition, LCD panel technologies are proprietary and closely related to
manufacturerso®6 emanufacturing process

e. Power Management in OaMode. Dynamic Dimming

Because the effect of dimming methods varies with input images, dimming algorithioklighd b
structure, the average effect needs to be determined using the IEC 62087 standard ™geo clip.
average effect is nahalyzedh this reportbut alD dimming method is expected to reduce BLU power
by more than 15%.0cal dimming of LEBdirectbacklights will be more effective than partial dimming
of LED-edge backlight in power reductiDynamic dimming in LCD TVs isli&ely costeffective

option for improvingefficiency because manufacturers employ 0D dimming or no dimming option for
low-end products, and advanced dimming methods mostly ferangd or/and higlend products
because of incremental cost.

. Other Options. Color gamut, TN mode br Snall Screen &e

In general, the color gamut of an LCD TV is determined by color filter paribl and phosphors in

the backlight lamps. However, color gamut is tradedgeafihst efficiencie, higher color gamut
requires lower efficiency in materials. Rgcesome TV manufactures have develope efficient

LED backlit LCD TVs at dower manufacturing cost educingooth the maximuntuminancdevel

and color gamut. In particular, there products are expected to target emerging markets. In addition, TN
modewith high panel transmittanftas been improved with the help of supplemeniizaig; &xpanding

its availability for slightly larger screen sizes (fr@hi@€hes to 226 inches).

B] The average oamode power of 3Znch LED -LCD TVs is expected to be improved by 20% from
2010 to 201as a result ofimprovement in LED efficacy, opticd films, and panel transmittance. Ifa
dimming method and DBEF are included, oamode power will be further reduced by more than 10%.

The averageod of DBEF for a 32nch LCD TV wa approximately $7 to $82010Assuming thathe
DBEF option can redudbe onmode power of a d3ach LEDLCD TV by5 W, the cost of conserved
energy would be $8.per kWhassuming discount ratef 6% and an effective useful life of 10 ydars
addition, it would cost an additional $3.2 to $6.0 to employ dimming apti8@std 50inch LCD TVs
Although the average effect of dimming options on reduction in power consumption was not determined in
this report, it is expected to save more tltd4h df on-mode power by both partial and local dimming
options.Assuming that gndimming option can reduce thenoode power of a 3ach LED-LCD TV by4
W, the ost of conserved energy would range $0r@ per kwWh to $0®per kWhassuming discount rate
of 6% and an effective useful life of 10 yéarOBEF and dimming optiorsse mature technology and
being improved by manufacturers, these would be good carfdidateteffective options in LCD TV
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efficiency improvement.

C] Most LCD efficiency improvement options can be applied to all screen sizes.

Most LCD efficiency impraement options are applicable to all screen Biggschnologies to improve

panel transmittance are limited to specific LC structures such as TN, VA, and IPS. Major manufacturers have
developed their own proprietary technologies. Although TN modeablevanly for small screen sizes
(smallerthaBOinches T NOGs t r ans mithat chatherdC mosles.dneatditi@ny the teffect of
dimming methods is limited to structure of backligftde LED-edge backlights are capable of using only

parial dimming methods, LEBirect backlights can use all types of dimming methods.

D] PDP TV efficiency can be improved by higkefficiency panet and improvements in reactive
power and filter transmittance. Highefficiency panel technologies play an importanrole in
improving overall PDP performance, manufacturing procesand total cost.

PDP efficiency and overall performaace expected to be improveddagign of improvedell structurg
phosphors, new electron emission $ageda low-voltage drivingchemeThesetechnological options are
interconnected ardifficult to isolate from one anothterdetermine theindividual effect on TV emode
powerconsumptionMost technologies related to panel efficiency improvemgatreR&D investment
ratherthansimplyincremental material costs.

E] The on-mode power of an existing 30to 32inch (76.2 to 81.3cm) OLED TV (prototype) is
estimated to be about 30 W to 40 Where are potential efficiency improvements foDLEDs.

OLED materials account for @0to 70% of the power consumed thg OLED pane] the rest is fothe

TFT drive. Phosphorescent materials are being improved and are expected to replace fluorescent materials. In
addition, improvement in TFT mobility will increase TFT drive efficieawial OLED efficiency
improvement options are strongly related to proprietary OLED technologies and manufacturiggy process

F] Based on our identification of efficiency improvement options and datéor ENERGY STAR

Version 4 qualified TVs, all TV technologes (050 inches)are expected to be able to meet or
approachENERGY STAR Version5levels in 2012.

The average emode power for 4ich LED backlit LCD TVs is expected to be about 20% below
ENERGY STAR ¥rsion5. The average for 42chOLED TVs is expectetb be about 3% to 40% below
ENERGY STAR ¥rsion5. However, this forecast is based ormmae power in default home mode.
Current TVs still consume manelesgpower in modes other than the default home mode.

G] Although most new panelrelated technologes require R&D investment rather than incremental
cost, they canimprove manufacturing procesgsand savecosts.

In general, each TV panel manufacturer has its own proprietary technology for FPDs, e.g., LCD, PDP, and
OLED. Technology options related td s&lucture and materials are complex and interconnected. However,
improvement in panel efficiency can allow manufacturers to vsstdge or lovcurrent circuitry and to

reduce the number of other panel components. Sometimes, panel efficiency iniproaemallow
manufacturers to eliminate manufacturing steps, resulting in lower production costs. Melgtgzhnel
technologies are classified as Type (A) in Figur@ptical components, e.g., films and filters, and electrical
components would be neoappropriate cosffective options, categorized as Type (B) in Figuréh@n

panel technologies.
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Figure 7-1. CostEfficiency Relationships in FPD Technologies

HHABC settings seem essential for | arge30dnednssi
still have potential to reduce oAmode power if ABC is incorporated in the default mode.

More than 80% of ENERGY STAfualified TVs over 40 inches had ABC enabled when they were shipped,
andabout 30% of ENERGY STARualified TVs below 40 inchiesd the same conditiod$erefore, for
smalletscreen TVs, there are still savings to be realized by enabling ABC when units are shipped.

I] The effect of current ABC settings on average emode power consumption ranges from 5% to
30%, depending on screenr backlight technology and screen sizéAlthough ABC is encouraged by
default for all TVs,energy consumptiontest methods to account for ABC need to be revised to test
at more realistic ambient lighting levels.

The magnitude of the effeof ABC on poweconsumption is significabit current test procedures that

allow for crediting estimated energy savings to TVs that have ABC can provide counterproductive incentives
to manufacturers to set ABC so that the picture at measuretoertask A recent daft ENERGY STAR

Version 6 (ENERGY STAR 2011c) inckide updatetestmethod for ABC. Ommode power consumption

for TVs with ABC is expected to be calculated as a weighted average of power consumption at various
ambient lighting levels.

7.3. EnergyConsumption and Savings Potentials

A] TVs in on-mode are estimated to consumemore than about 168 TWhin 2010
representing 3% to 4% of global residential electricity. The consumption is expected to be
similar or slightly decrease in the short term because oédhnological transition (CRT to
LCD, and CCFL-LCD to LED -LCD) and rapid improvements in TV energy efficiency, in
spite of the projected increase in TV sales and average screen size.

B] Annual electricity savings potentialfor the efficient case with costeffective optionsin
this analysisis about 3.2 TWh in 2015 and 13.6 TWh in 2030. Cumulative electricity savings
potential is about 6.4 TWh from 2012 through 2015 and 156 TWh through 2030.

In this scenario,nty 30% of LCD TVs we assumed to tedficient.Estimated minimum effects of cost
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effective options (DBEF and 1D dimming option) were applied.

C] About 1.4 Mt CQ in 2015 and about . Mt CO- in 2030 can be saved annualigp the efficiency
case. Cumulative electricity savings potential is about 3.1 MOG from 2012 through 2015 and 70.9
Mt CO;through 2030.

D] It is roughly estimated that the additional energy consumption for 3D mode of 3D TVsin 2014
will be about0.2-1.2 TWhin the absence ofany energyefficiency improvement

In this scenari@naddtional 20 W was assumed to be consumed for 3D mode o2 &dlvYs per day were
assumed tbe spent for 3D content by the viewghile average daily hours spent by viewers are uncertain,
it is expeted that 3D technologies and screen efficrfiggnprove over time.

E] It is roughly estimated that fast start modes can consume from about 4 TWh to 19 TWh in 2014,
assuming that 1660% of LCD TVs © 30 inches) will be operated in the modes, consuming 25 W.

Although fast start mode is not a necessarilyoret@lated function, the feature usually coincides with
network connectivity in increasing connected TVs. It is also necessary to consider both features together.

F] It is roughly estimated that emerging connected TVs(or smart TVs) are likely to consumefrom
about 3 TWhto about 27TWh in 2014, based othe projected increase in connected TV sales and
average network standby power, ranging from 3 W to 30 W.

Although energy savings potential in TV netstankdby mode is not includedhe BUENAS modeling
the annuagénergyconsumption by neesonnectedV sales in 2014 is estimated téréwn 2.7 to 267 TWh
and the cumulative energy consumptionomypected’V sales from 201irough2014is expected to be
from 9.3 to 92.8Wh, depending on power managetrivregime and fast start option applied.

Modes Power consumption
on Normal *40fr4 2% LED-LC~D7 %/?EV&/E(Q?YOSOTX\Q)
3D mode 320 W
Network 330 W
Standby Fast Start ~25 W (1168 W)
Data Acquisition ~20 W (1640 W)

Table 7-1 Summary Table ofPowerConsumption in Various Modes of TVs
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Contribution

Cumulativeconsumption

Modes from 2010 2014 from 2010 through 2014
Normal global stock 168 TWh 171 Twh 857 TWh
o 3D mode global sales| 0.020.04TWh | 0.21.2 TWh 08-3.0 TWh
Network global salés 1.09.6 TWh| 2.726.9 TWh 9.392.6 TWh
Standby Fast Start global sales 2.67.9 TWh| 3.919.3 TWh 16.671.5 TWh
Data Acquisition| global salés 0.20.7 TWh| 0.31.0 TWh 1.54.4 TWh

a:3D TV market forecast, b: Connectedriatketforecast, c: 280% (2010) and BD% (2014) of LCD TV shipmef30 inches),

d: 1830% of LCD and PDP TV shipmeii30 inches)

Table 7-2 Summary Table ofEnergy ConsumptionForecastin TVs
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Appendix A.

SEAD Countries

Countries Included in DisplaySearch Global T\h&mpand Forecast Report

Region Countries Included
Japan Japan
North America | CanadandUSA

Western Europe

Andorra, Austria, Belgium, Denmark, Finl&énainceGermanyUnited Kingdom
Greece, Greenland, Iceland, Italy, Liechtenstein, Luxembourdylbtadiz,
Netherlands, Norway, Portugal, San Marino, Svegnlenand Switzerland

Eastern Europe

Albania, Belarus, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, Czec
Republic, Estonia, Hungary, Latvia, Lithuania, Moldova, Poland, RBoEsia,
Serbia and Montenegro, Slovakia, Slovenia, Turkey and Ukraine

China

Includes Hong Kong, but for Taiwan

Asia Pacific

AfghanistanAustraliaBangladesh, Bhutan, Brunei, Burma (Myanmar), Camt
Cook Islands, East Timor, Fiji, French Polynesia, Indonesia, Kiribati, Laos,
Malaysia, Maldives, Marshall Islands, Micronesia, Mongolia, Nauru, Nepal,
Zealand, New Caledonia, Niue, North Korea, Pakistan, Palau, Papua New (
Philippines, Samoa, Singapore, Solomon Istndb, KoreaSri Lanka, Taam,
Thailand, Tonga, Tuvalu, Vanuatu, and Vietham

Latin America

Antigua, Argentina, Aruba, Bahamas, Barbados, Belize, Bolivia, Baadijre,
Cayman lIslands, Chile, Columbia, Costa Rica, Cuba, Curacao, Dominica, C
Republic, Ecuador, El Salvadwench Guiana, Grenada, Guatemala, Guyana,
Haiti, Honduras, Jamaica, Martinifexicq Nicaragua, Panama, Paraguay, Pe
Puerto Rico, St. Kitts/Nevis, St. Lucia, St. Vincent and the Grenadines, Suril
Trinidad and Tobago, Turks & Calicos Islandgglity, Venezuela and the Virgit
Islands

Middle East and
Africa

Algeria, Angola, Bahrain, Benin, Botswana, Burkina Faso, Burundi, Camerc
Ver de, Centr al African Republic, (
Egypt, Equatorial Guinea, Eei#, Ethiopia, Gabon, Gambia, Ghana, Guinea, |
Israel, Jordan, Kenya, Kuwait, Lebanon, Lesotho, Liberia, Libya, Madagasc:
Malawi, Mali, Mauritania, Mauritius, Morocco, Mozambique, Namibia, Niger,
Nigeria, Oman, Palestine, Qatar, Reunion, Rwandan$aé& Principe, Saudi
Arabia, Senegal, Seychelles, Sierra Leone, SwutlidfricaSudan, Swaziland,
Syria, Tanzania, Togo, TunigAE, Uganda, Western Sahara, Yemen, Zambia
Zimbabwe

As of April 2011,he governments participating in SEA&®: Australia,Brazil, Canada, the European
Commission, France, Germany, India, Japan, Korea, Mexico, Russia, South Africa, Sweden, the United
Kingdom and the United Stat@dnderlined) his report is analyzitige SEAD members, except for UAE,

as of CEML.
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Appendix B. Data, Methodology and Assumptions

The data and information included in this analysis are based on various sourcesh&date quick
adjustment or generalization with corresponding simplifying assumptibasxtent possible, \aility in
quality of data and uncertainty of foredestsbeen taken into account durimg analysis.

B1.TV Market Data

The TV market data is based on the DisplaySearch yanterly Advanced Global TV Shipment and Forecast
Report (20101 6 2011QJ1). The report provides various TV market analy@igpointsby technology,

region, brand, and backlight type. The forecast extends to the year 2014 and provides datéggbtised on
regions: Asia Pacific (AP), China, Japan, Eastern Europe (EE), BvastgenWE), Latin America (LA),

North America (NA), and Middle East & Africa (ME&A). Data are not provided on a @padific basis

except for China and Japan. Data for ladiprovided separately by DisplaySearch.

To estimate TV shipment data fdEAD-14, this report assumes courgpecific factors suggested by
discussions with marketing experts from thesindandDisplaySearcihe assumed factaasebased on

LCD TV sales for recent years in each codrieyforecast for amtry-specific TVsales from 2010 to 2014

followst he r egi onal growth rates f rtherhCDDshasepfltteyJS.ear ¢ hd
markets assumed to be the sam#had CD share of thidorth America regi@amarket

TV Shipments or Sales

Australia : (sales20% of Asia Pacifghipment
Canada : (shipments) 11% of North Amergl@apment
China : (shipments) DisplaySearch (2011a)
France . (sales) 20% of Western Eurepgment

Germany : (sales) 23% of Western Eurepgpment

India : (shipmentdisplaySearaf2009)

Japan : (shipments) DisplaySearch (2011a)
Korea : (sales) 16% of Asia Paafiqpment
Mexico . (sales) 24% of Latin Amerstapment
Russia : (sées) 45% of Eastern Europe shipment

South Africa (sales) 9% of Middle East and Afsitig@ment
Sweden : (sales) 3% of Western Eurspgment

UK . (sales) 26 of Western Europshipment

usS . (shipments) 89% of North Amergtapment

AssumptionGrowth rates of LCD, PDP, CRT, and OLED TVs for 9 countries from 2010 to 2014 are the
same athoseof the coresponding regian
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B2. TV Efficiency Improvement Options

A] On-mode Power Data

Data for oamode power consumption used in the analyefiom the US ENERGY STARTYV list posted
on November 1, 201énd March 22, 201Although theENERGY STARIist incudes onlyENERGY
STARqualified products, market penetrationEBdERGY STARqualified TVs was more than 60% in
20065 79% in 2008, and in 2010 70% of all TVs in the |3 carried theeENERGY STARIogo”. The
ENERGY STARTYV list for this studyincludesmore than 700 TV models and their anode power
consumption butloesnot break down LCD TVs by backlight typeerefore, we sortedED backlit TVs
from the list according to manufacturer catalogs and other data.

We assuminat theENERGY STARdata represetite US marketputthese datenay notberepresentative
for othercountriesinstead, we reflad screen technologmixtures, including LCD backlight types, for each
region We alsousedEnergy Consumption CentdapartECC) efficient TVdata’® Althoughthesedata do

not specify oimode power consumption, -orode power can be back calculdtech annual energy
consumption, standby power, and assumed viewing Tbar$EC 62087 standard video clip used to
measur@n-mode powefor U.S. products doestmmeasure eomode power for Japanese prodiicss) we
separately used tBE€CJdata tacompareated power and emode power of the productstire ECCJdata

set Although these two data sefgresent onlgfficient TVs irthe U.S and Japan, it is assuhtlieat models
available in thes@o markets are representatife large majority of markets.

Source Vear Number of Models included On-mode (i:asr}ceigyé Rated
Total | LCD PDP CRT power Power power

US ENERGY 2010 . .
STAR ©ct) 731 644 65 0 avaiable| available N/A
U.S.ENERGY 2011 . .
STAR (Mar) 1,029 910 119 0 availablg availablg N/A
U.S.ENERGY 2011
STAR(ABC (Mar) 889 807 82 0 availablg available N/A
disabled)
Energy 2010 . . .
Conservation (Oct) 383 274 42 67| availabl® | availablg availale
Centey Japan

Table B-1 Available Onmode Power Data

75 Source: ENERGY STAR Qualified Televisions Specification revisiate|Jfan 3, 2007
76 http://www.washingtonpost.com/wgdyn/content/article/2010/02/21/AR2010022103688.html
77 http://www.sustainablebusiness.com/index.cfm/go/news.display/id/22024
78 http://lwww.eccj.or.jp/cgibin/realcatalog/index.php
79 http://www.eccj.or.jp/law06/machine/tv_220218.pdf
80 |t is calculated from the below formula of annual energy consumption. .

o VS @i, p @ Qi

@ret o Qbdo Q6o

ooQu

http://www.eccj.or.jp/reakatalog/closet/pdf/Stv_liquiddf
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B] Average Onmode Powerfor Regions

To determine the averagerande power, we calculatbeé EEI of each TV model in the list, the average
EEI of the size category, atite weighted regional/global marketgh Table  shows therolume
weighted EEI foLED backlit TVs

000 G &0 ¢ QI 0 QID }
0 T CCT YRl DN

LED-LCD

Volume
Weghted 0.356 0368 0.350 0.357 0363 0.355 0.340 0352 0.341
Average EEI

Source: ENERGY STAR 2010, DisplaySearch 2011a
Table B-2. Volume-weighted EEI for LED backlit TVs by Regions

Based on the average EEI, average screen area, and market share of each screen technology: the average o
mode power for each region or country can be calculated using the fmiowlas

60 Qi G QI O Wi QD QQQ¢ ¢ )
B ¢mt®ccdLQl YANBQOGMG uT U & dgl@TBOED Qi VOO &1 T'WdI Q
BO G QWb Q

PQEQ TR LR A
, Wherd representsaeh screen technoip@.g.CCFL-LCD, LED-LCD, PDP, and CRT.

Because we used screen technology and screen size market share data for the regional markets defined b
DisplaySearch and referred only to the ENERGY STAR data, the avemsage qggower valsefor all

countries in the same region are identical. However, energy consumption and savings potentials are different
for each country because of different viewing hours and espetific TV shipments (or sal@shble B3

shows the average-orode powr of each screen technology for each country in 2010. In the BUENAS
modeling, OLED is assumed as a saffimiency model ithe LCD sector.

Country/Region RegionaMarket LCD PDP CRT
Australia Asia Pacific 68.0W 1202w 527W
Canada North America 69.3V 1160W -
China China 73. 1V 117.1W 60.1W
Western Europe | Western Europe 63.2V 117.1W -
Eastern Europe | Eastern Europe 63.5W 113.4W 54.8N
India Asia Pacific 68.0V 1202w 527W
Japan Japan 60.4V 111.1W, -
Korea Asia Pacific 68.0V 1202w 527W
Mexico Latin America 70.2V 1157W 52.2W
Russia Eastern Europe 63.5V 113.AV 54.8N
South Africa Middle East & Africa 71.3W 114.3W 54.3W
us North America 69.3V 116.0V -

Table B-3. Average Onmode Power of Scren Technologies forEach Country in 2010

C] Technology Options for Efficiency Improvement

Technology options discussed in this report are based on manufacturer interviews, expert interviews,
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literature review, and recent international conferences/exhibitions, intble@0t0 International Meeting

on Informaton Display (IMID) in Korea, 2010 Flat Panel Display (FPD) International Conference in Japan,
and2011 Consumer Electronics Show in ti&HKey interviewees havel3 years of experiences with the
industry. Their collective expertise spans the TV ma@@tPDP/OLED technologies, R&D planning,

and TV testing

BaseCase / Efficiency Case Assumptions

Base on the discussion in Chapter 4, this analysis compares future TV energy consumption for two scenarios
a base case and efficiency cas@he base casssames options that are expected to be implemented
regardless of any further policy action.

Base Case Efficiency Case
1 Increase in LED efficacy 1 DBEF
Paisplay Lco | 1 Increase in panel transmittance 9 Dimming options
9 Improvement in optical films 1 LGP combinedvith prism

1 Improved cell structure
9 High-density phosphors
Paisplay pop | 1 New electron emission layer N/A
1 Different discharge gas composition
1 Low-voltage driving scheme

1 Improved lightemitting materials

9 Improved TFTmobility

Poasic 1 Poasc is assumetd beimprovedby 1015%in 2014from 20W in 2010.
Table B-4. Efficiency Scenarios applied to BUENAS model

N/A

Pdisplay_OLED

The optical film stack in LCD BLUs is assuaedollowsfilm stack without DBEFbgsecas¢ and film

stack with DBEFHKfficiencyCase).Becausdimming options are currently available only inanidl high

end models, the base case does not include the effect of dimmingnode omowerBecausd GP

combined with prism stilhcestechnical barristo implemerdtion the option is asimed to be available

from 2013. As discussed in Chapter 4, it is difficult to quantify the individual effect of technology options for
PDP TVs and OLED TVs. The i mprovement potential s
roadmaps and inteews. These are more illustrative thame case fahe LCD TV scenario.

D] Average Screen Area

Assumption: Average screen &edVs ineach country is the same as thabh@€orresponding region.

CCFLLCD TV LED-LCD TVs PDP TVs
Japan 30.2 33.6 44.8
NA 33.3 39.2 48.2
WE 31.1 35.9 45.6
EE 31.2 35.4 44.8
China 34.0 37.3 45.7
AP 32.2 38.9 46.1
LA 33.0 38.2 45.2
ME&A 33.1 38.9 45.1

Source: DisplaySearch 2891

Table B-5. Average Screen Size (inel) for eachRegionin 2010 by Technology

E] Usage (viewing timeper TV)

Average viewing time and number of TVs per household are major factors affecting total energy
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consumption. Although further research is necessary to fully analyze these trends, we tried to identify recent
countryspecific data faxrverage TV viewing time. Before discussing assumptionsdnalysisye review
thefollowing issues:

a. Survey Terminology.use ofdifferent terminology, e.g.,-tme, viewing timéper individual, per
household, per uniand use tinjemay produce ddrent results in surveydany surveys provide
di fferent results i n teromsSoofe &Gtulres elgndengmd ggen t T
does the respondent watch television pébdaya nd s o me askd Hhew sl omi g hits t h
watched or video gamelayed by all members of the household p@y @ay analysis€onsiders
both average daily viewing-onde) time per unit and regional TV shipments or sales.

b. 7Vs per householdthe number of TVs per household in some countrggedterthan one, so
the average viewing time of secondary TVs in households for those countries needs to be considered
because it is expected to be different from that of prifvaryHowever, datare not available for
countryspecific secondary TVs and average viewingTtmeforefor total viewing time for all
TVs in a house holéye multiplied ormode power by the average number of hours per year that a
TV is used in each country.

c. Growing Functionality: with growing functionalitguch as internet connectivity and 3pldis
capabilityaverage viewing time may increase in theflntweverthe magnitude of such effects is
still uncertaimeeds further research, and is out of the scope of this report.

According tathe OECD Communication Ou@B&D 2009), theveragé househol d T#r vi ewi n
many countrieBad beemlmostconstantunder 4 hoursduringthe 10 yearfrom 1997 to 200&xcepin the

US. The averageme r i c an h o vewiachhoursted®s.7 ird2001 lang.2 in 2007The difference

could berelated to the average number of TV sets per hou8efdidt is, one possible explanation is that
the OECD survey did not take into account multiple dpésatingn a household. In fact, the ENERGY
STAR TV Specification Revision Update (ENERGY STAR 28&#a result from Nielsen Media Research
(NMR) for the September 208éptember 2005 viewing season, which concluded that the a®rage U
household was tuned into TV an average of 8 hours and 11 minutesHmveley the EUP Preparatory
Study Frawnhofer 200@) concludedhat the figure does not necessarily indicate the average-afaitjeon
time of a single TMt could mean that multiple TVs amgeratingat different timgor in parallel in a
household.

Thus, itis necessary to compare the OE{2Ea with other studies or survéysording to the International

Energy Agency (IEA) 4E Mapping and Benchmarking report (IEA 2010), viewing hours vary by country.
Viewing hour figures for the UK (4.8h), Australia (7.3h), and the Republic of Korege(é.®lased on
government assumptiomtowever, the document mentioned thaunderlyingevidence was available for

the datasoassessment of robustness was not posEitdeEuP Preparatory Study (Fraunhofer 9007

which includes many studies that ipedata on TV watching tmme nt i oned t hat 0t he ¢
from studies on TV use patterns indicate a typieadode time duration per TV per day in European
households of 2.5 to 5 hours. The range reflects the increasing of a second TV Inthauseldio T he st
consequently assuntbdt average viewitigie i.e., daily otime duration of the primary TV in a European
household, is 4 hours per deye 4E Document also assumed an average of 4 hours per day for EU 15
countriesaccording to the EuPreparatory Study. TabletEShows TV viewing time estimdtesn various

studies, which are included in the EuP Preparatory Study.

81 The average number of Betsper householth 200%or the U.S. was estimated at 2.86 (IEA 2009).

119



Study/Source Year Countries On-Mode Standby Off-Mode Main off
(h/d) (h/d) (h/d) (vd)
DOE 1998 Us 4 20 - -
Jupiter Research | 2006 UK, France, | 1.7% - - -
Germany.
Ttaly. Spain
Buhl data 2006 Germany 2.2 digital®* | - - -
3.8 all*
nVision/Future | 2006 EU 2% - - -
Foundation
AGF / GIK 2006 Germany 3.5%
ISI. CEPE 2003 Germany 2005: 4.7 12.1 3.6 3.6
2010: 5 16.8 1.1 1.1
forsa. RWI 2003 Germany 4.8 - - -
Meyer, 1999 Switzerland | 2.3 9.7 12 -
Schaltegger
EICTA CoC 2003 EU 4 16 (12if APO) | -
GEEA 2001 GEEA 4 0-20 0-16 -
framework
Ewropean 2003 EU 3.5% - - -
Communities
Nielsen Media | 2006 USA g - - -
Research

* Average watching time. not over all operating time
Source: Fraunhofer 2007b
Table B-6. Estimatesof 0 @,60 &ndbyband o @ 6times for TVs

In addition to the above sied, weusedrecent survey resulf@ble E5 summarizes various data sets we
have.
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OECD _ AE IP-Networlgs LBNL

Study/Survey (aver?lgzrgc;r give Benchmarkirfg E_:]ail\\//grrmageeafrz; TGI Survey& (assumptions
Title of viewing time viewing time | viewing time | viewing time | viewing time
Study/Survey per household per TV per individu&® | per individual per TV
Years covered 1997 to 2007 2007 to 2009| 2007 to 2009 2009 2010
Australia 3.21 7.3 - - 6.5
Canada 3.80@° - - 3.2 4.5
China - - - 3.49 4
France 3.367 5 3.62 2.86 5
Germany 3.34 3.72 3 5
India - - - 2.5 3.5
Japan 3.70 - 3.69 3.77 4.5
Korea 3.188 6.9 - 2.34 6
Mexico - - - 3.83 4
Russia - - 4.03 - 4
South Africa - - - - 4
Sweden 2.549 - 2.85 - 3.5
UK 3.390 4.8 3.97 - 5
Us 7.75 5 3.96 - 5
EU - 4 3.791 - 4

Unit: hours per day

Table B-7. Average TV Viewing Timefrom Various Sources

Although some survep$ average TV viewing tinseover many countries, most s

viewing time per individuat household trhaer t han o0 aver aégveichisia mavd useful t i me
metric when discussing the impact of TV efficiency improvements on energy consCinepB&CD

report provided historical data for many countoiehese are average TV viewing hours @esdnold.

The 4E Document providedverage viewing time per @des not assess tlabustness of the data. In
addition, ti is generally expectditat average viewing time per individual becomes less than average viewing
time per TVas the number of membdrs a household is increasiitgis difficult to determine the
comparative robustness of the various data sets due to the multiple vacabkes.oB lack of data well
asdifference among data sets, wesume average viewing hours per unibéotriesas followsbetween

3.5 and 5 houffer all countriegxcept for Australia and Kongherewe assume 6.5 and 6 houespectively,

which are close to the figuireshe 4E Document.

9 Australia: 6.5hours
There is a significant difference betwee®@HED Report (viewing time per household) and the
4E Benchmarking Document (viewing time per Which was based on government assunsption

82 According tothe 4E Benchmarking Documetiite catafor Australia, Korea, and United Kingdom are based on government
assumptions, anlledata forFrance, EU, and the U8e assumed from other studies.
83 |P-Network 2010

84 TGl 2009

85 Average viewing time per week

8 Fromthe year2005 to 2007

87 From the year2000 to 2007

88 The yeas1997, 2004, 2006, and 2007

89 From the year2005 to 2007

% From theyeas 2002 to 2007

91 Average of EU 26 without Malta
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A TV expergz from Australia suggested thifais figure should benore thané hours based on
other surveys. Hnefore thisanalysis assumes an average 6.5 hours per TV for Australia.

1 Canada: 4.5 hours
According to BBM Canada, adul®r 18 years oldvatcled 29.1 average weekly houes, 4.16
daily hoursof televisioras of July 2029 This figure looks not very ftifent from the OECD
reporb s e s t 3.8rhaurseof avdrage viewing time per household. This analysis assumes an
average 4.5 hours per TV for Canada.

M China: 4 hours
One study repoetitheaverage TV viewing time per individual peird@hpina wad79 ninutes,
i.e., 3 hours, in 2003 (Wang 2008). A recent survey from TGI provided arobhéebdysus per
individual as seen Tablg Blhis analysis assumes an avefagaours per TV for China.

i France: 5 hours
The OECD report and other surveyalicae about 34 hoursasthe average viewing time per
household or individuad Francebut the 4E Documenassume$ hours per TVThis analysis
also assumes an average 5 hours per TV for France.

1 Germany: 5 hours
We applyo Germany the samassumptiomasused forFrance.

9 India: 3.5 hours
TheTGI surveyindicatesin average 2.5 hours per individuhidia, and there are no other good
sources of data for comparisdfe assumetthatthe average viewing time per TV would be higher
than that even though it mht be less than 4 hours, a generally accepted global atisage
analysis assumes an average 3.5 hours per TV for India.

1 Japan: 4.5 hours
Althoughall sourcesn TableB-7 indicatedabout 3.7 hours as average viewing time per individual
in JapanECCJassumed 4.5 hours per TV energy consumption estimdtgsecent TV models.
This analysis assumes 4.5 hours per TV for Japan.

1 Korea: 6hours
There is a significant differemealata on Korean TV viewing in tB&CD Report (viewing time
per householdnd the 4E Benchmarking Document (viewing time pewfi¢h was based on
governmenassumptios In the4E report,KoreanTVs were in on mode for average of 6.9 hours
per day351 days per year. According to AGB Nielsen Media Research, the averagadlVv view
time per household in Korea from the first quarter of 2009 to the first quarter of 2010 was about 9
hours4 The average number of TVs in Korean househadsbout 1.5 between 2007 and 2009
(IEA 2010a)lt is possible that respondetashe AGB Nielsn surveyncludedhours they spend
watching TV programs via other devices such aarfeiimobile phones. This figure might be
higher than an average viewing time per TV. This analysis assawegage 6 hours per TV for
Korea.

M1 Mexico: 4 hours
TheTGI suveygivesan averagef 3.8 hourd'V viewing time @r individuain Mexico. There are
no other good data sources for comparisbis analysis assumes an average 4 hours per TV for
Mexico.

f Russia: 4 hours
ThelP-Network reporgivesan average 4 hows TV viewingper individuain Russialhere are
no other good data sources for comparighis. analysis assumes an average 4 hours per TV for
Russia.

1 South Africa:4 hours

92 Comment fronKeith Jones of Digital Ceneiigythe first round review of this report.
93 http://www.tvb.ca/pages/tvpvr.htm

94 http://www.newswire.co.kr/newsRead.php?no=466533&Imv=A03

122


http://www.tvb.ca/pages/tv-pvr.htm
http://www.newswire.co.kr/newsRead.php?no=466533&lmv=A03

This analysis does not have good sources to evaluate average TV viewing timAsfriiccSdve
assume an average of 4 hourd'pea generally acceptaekrage viewing time per 1dr, South
Africa.

1 Sweden: 3.5 hours
Both the OECD report antthe IP-Network reporgivefiguresof less than Bours pehousehold
or individualfor TV vienving in Sweden, aniis analysis does not have other giaidsources
for compaison Anecdotal evidence is that average TV viewing time in Sweden is less than in other
countriesThis analysis assumes an av&&d®urs per TV for Sweden

1 United Kingdom: 5 hours
The OECD report and other survegiwe3 to 4 hours for the average viewing time per household
or individualin the United Kingdom, anithe 4E Documengives4.8 hours per TV based on
government assumptions. This analysis assumes an avevage e TV forthe United
Kingdom.

1 United States: 5 hours
There is a significant difference between the OECD Report (viewing time per household) and
other studiefigures for the U.Rs discussed abowesge possible explanation for the figure in the
OECD report is that the OECD survey did not take into account multiple TVs running in a
househol d. According to Nielsends Three Scr e
watches approximately 153 haawsry monthi.e., 5.1 hours per day, of TV ankcdENERGY
STARuses an average of 5 hours to estimate energy consumption by TVs. This analysis also
assumean average 5 hours per TV for the. U

1 EU: 4 hours
For EU 185 the 4E Documerdassumean average of 4 hows daily viewing time per TV. This
andysis assumes the same.

Althoughaverage viewing time per TV is a major factor affecting total energy consumptiorspeaifidry

data for average TV viewing time vary with studies. Further research is necessary to fully analyze these trends.
Thus,enery consumption data for each country in this repeet to bearefully compared to each other,
separately consideyaverage viewing tifrem average emode power for each country.

9 Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal,, Spain, Sweden
and United Kingdom
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Appendix C . Sensitivity Analysis of Energy -Efficiency
Improvement Op tions

In this appendix, wexaminerelationships betweatificiencyimprovement options and tof&V/ energy
consumption. In genera, T ahdusl unit energy consumption (UEC) is expressed as a functien of on
mode power, emode viewing time, standby poveed usage in standby mode.

Y& Q& QiR | 6 & NYABEP O QDT QD fo o fo

For recent FPD TVs, the efficiency is affected by various technical options such-sgetisigl@fficiency,
brightness control, basic power, and PSU efficiency. Although daily viewing time per TV is an important
factori n  atotdl ¥n@rgy consumption, it is hard to conttil policy instrumentsind robust data are

not availablédlthoug h  a pa$swéstandby poveemsumptior{typically less than 1 W) is much less than
on-mode power, it is likely that network standby numidd becomea significantsource ofenergy
consumptionThereforethis sensitivity analysis focuses on netwankilsy power and key technical factors
related t@n-mode power.

LCD TVs

For LCD TVs, TV oAmode powed 5 can be generally expressed as a function of screen area,
screen efficiency (ewattsper screen area), and basic power.

0 P Qi Ol QWD O WQUUGRGE DEGE | ¢ Bbid BRAAE & d GiafEW BTIYYQQQOQQE O
For LCD TVs, display efficiency is affected bypws technical options such as backlight source efficacy,

optical film stack efficiency, panel transmittanc
LED-LCD TV consumes 60 W in-onode. Other assumptions are as follows

E ]

The basipower (included in the emode powerls 20 W.
Default luminanée of the TV is 300cd/rh

LCD panel transmittance is 5%.

The average efficacy of LEDs in BidJ is 60 Im/W.

PSU efficiency is 100%

No ABC and dimming options are assumed.

Average daily emodeviewing time is 5 hours.

Average network standby power is 4 W,

Average daily usage on network standby mode is 19 hours.

=4 =4 -4 8 a8 -8 _a 9

In this base case, the annual energy consumption by the TV is 137 kWh per year. If edchcvaeiable

area (X), LED efficacy (¥, panel transmittance {iXdefault brightness {)Xbasic power ¢X and network

standby power X0 independently increases or decreases by 50% from the above baseline with other
variables constant, the annual energy consumption by the TV uafepies C1 and G2

9% |LCD TV panels larger than 30 inches are manufactured with a target luminance of 400 t IB0@edéral, th luminance

level corresponds to retail mode lorightest selectable mootea TV We assumed that T detaslt luminancas shipped
correspnds to the luminance at enode powertest he aver age | uminance in default mode
STARqualified TV is about 270cd?mand the average luminance in the brightest selectable preset mode of those TVs is about
360cd/nt.

97 Although, in reality, the efficiency of the RShbw between 85% and 95%, we did not include this factor in this analysis.
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A] Scr ee r=5080Ad ar.= 2K

The screen ar ea o f437 aquaBednghdflLil@ Arealin¢reases bysb®/g the new area is

about 656 squareincheshi ch i s equi val ent Wean agsurBedat the screeneamea s i z ¢
increase does not affect the basic peodre expected emode powefor thisscreen area increase is 80 W.

The average of ENERGY STARalified T\ with ABC disabled is about 80Within the range of 60 W

and 110 W. As seen in Figurd Bnd D2, UEC is the most sensitive to screen area.

B] LED Ef {=50864 ¢ Y :=BN6X

As dscussed in Section 4.1.2., even though LED efficacy increases by 50%, from 60 Im/W to 90 Im/W, the
effect of on both oimode power and energy consumption is not likely to be significant because LED power
should increase.

C] Panel Tr agESOmAt tYsAdAl Ok : I X

Improvement inLCD panel transmittance allows manufacturers to reduce the number of LEDs from the
BLU because the luminance that the backfigbtachieve decreases. If panel transmittance is improved by
50%, from 5% to 7.5%, the total-mwmde pwer isexpected to decrealg about 20%, and the UEC
decreaseby about 15% from the base line. According to a manufacturer, if panel transmittance is improved
from 6.5% to over 8% and some other technologies are applEalver consumed by a 32HD L@Bnel
coulddecrease by more than 35%, e.g., 32 W to 2Bhdughpanel transmittandaecreases up to 7% to 8%

are expected from someanufacturers in a few years, this option requires R&D investment rather than
incremental costs.
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D] Default Brightness:  =50%A ! ¥1620%

Decreasing the luminanok a TV set can provide a relatively straightforwardoale power reduction.

Letds assume that t he de fsaouhetumihancenat emede averdest. Ifs hi ppe
the luminanceéecreasdsy 50% from 300 cd/n to 150 cd/m, its on-mode power is expected to decrease

by about 25% and annual energy consumption by about 20%. Brightness control functions for TVs are
implemented as a form ABC or alocal dimming option. Manufacttgreontinue ¢ consider th option of

reducing default brightnassreducéboth power and matesalosts. 1 is important talevelopest methods

to appropriately evaluate the effect of brightness control functions in TVs.

E] Basi c S0me!lrY =13

For a 3CTVIthEtRonsumes 60 W on mode, basic powarccounts foabout 30%. If basic
power is improved by 50%, from 20 W to 10 W, theadte power is expected to decrease by about 15%
and the annual energgnsumption by about 13%. Improvement in basic power mainly depends on
development ofntegrated circutechnologieanda power reduction algorithm. It does not seem to be an
appropriate cosffective option.

F] Networ k StandbA! BPIORRr : ' X6=50%

If average network standby power is assumed to behdanginghetwork standby powdas a relatively
small effecbn annual energy consumptidoweveryobust data for average network standby power are not
availabldor this reportsoit is necessatyg consider higher average network standby power. In Settion 6.
we assumed network standby power @dnmected’V was betweeB Wand30 W. If weassumeaverage
network standby powef 10 W, for illustrative purpasehe effect of standby power ofE@© becomes
significant because -arode usage is generally less than standby Ssaf@re G2). Although it is
difficult to determinghe average standby power aifnnectedl'Vs including network standby mode, it is
important to reduce the average nekvetandby power of TVs by power management retiiateslow

TVs to entetow-power mode while connectaat not in use.

To summarize, it is necessary to develop or revise existing test procedures/regulations to appropriately
evaluate brightness contfahctions in TVs and to prevent possible incsgasenergy consumption by

network standby poweklthoughthis reportconcludes thainly optical films and dimming opti@recost

effective options, higfficiency LEDs at low to medium power and LCBefsawith high transmittance

could be options for R&D investment. However, it is important to note that LCD panel technologies are
proprietary and closely related to manufacturing preddss, some of these options are interdependent to

some extent. I&ll options are applied, the aggregate effect will be different from a simple summation of
individual effest
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Appendix D. Cost -Efficiency Relationship

In this report we analyzed three -@fdctive options for LCD TVs. While the two ef§tctive opons,

DBEF and dimming technology, can be applied regardless of screen size, some TV models at the higher end
of the large screen sizes already employ these options. Although prism patterned LGP &sdisosssed

effective option, it still needs teeocome technical issues. In this appendixpravide costfficiency
relationships for DBEF and dimming opgon

D1. CostEfficiency Table

FigureD-1 shows cosfficiency relationships for DBEF and dimming option. Asfteet ®f DBEF is

assumed to innpve screen efficiency by 2G#e effect of DBEF on emode power varies with screen size.

As the #ect of dimming option0D or 1D dimming) is assumed to improve screen efficiency by 15% at a
minimum levelthe effect of dimming on eanode power variegith screen siz# is important to note that

to quantify the effect of dimming, it is necessary to measure power consumption using various dimming
methods with the IEC 62087 standard test videdloligeverthesadata are not available in this report.

Incremental Costs
Product Class| Screen Size DBEF Dimming
(! Ponmods 917%) (! Ponmods 7-13%)
LED backlit 26 $5.0 (9%) $0.81.5 { 7%)
LCD TV 32 $7.6 ( 13%) $3.26.0 { 10%)
37 $9.9 ( 14%) $3.26.0 { 11%)
40 $12.7(15%) $3.26.0 { 11%)
42 $13.6(16%) $3.26.0 { 12%)
46 $16.3(16%) $3.260 ( 12%)
47 $17.0(16%) $3.26.0 { 12%)
52 $23.1(16%) $4.89.0 { 12%)
55 $25.81(17%) $4.89.0 { 13%)

* Theabovenformation ivased on 201data

Table D-1. CostEfficiency Table for LCD TVs

D2. Cost of Conserved Energy (CCE)

Based on the casfficiency relationship and global TV shipment forecast datanaealyze cost of
conserved energy (CCE) for each productwlish is divided by screen smce some TV models at the
higher end of the large screen sizes already employ thes ibjiditvard to forecast the share of entry or
mid-end TVs without those options in the markke assumptions used in tadculatiorare as follows:

T 70% of gl oB3a9I sLaHDe sb aicnkk 26ah L CD T-affsctivavoptiohsn not ad
the absence of energy efficiency palicie§ he same assumpt i-onh alppDi ed
backl it LCD TVWs5handeED2 0b% cokfl i830A CD TVs.

1 An effedive useful lifef 10 yearandadiscount ratef 6% areassumed

9 Costs of DBEF and dimming drive g8l decrease by 30% from 2010 to 2012.

Figure D1 and D2 show costs of conserved endogythese costffective optiong this scenarid-igure

D-1 shows annualized incremental cost of consenazdyby product class for DBEF. Most products have

a cost of coregved energy less thwents per kwh. Although we assumed small market penetration rates
for large screen size over 50 inchdp43Poroducts account for more than 90% of cumulative savings in
this scenario.
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Figure D-1. Cost of Conserveé&nergy for DBEF (2012 LEBLCD TVs)

Figure D2 shows annualized incremental cost of consemegdyby product class for dimming option.

The diference between pink line and blue line shows the range of incremental cost required for dimming
option. Most products have a cokttonserved energy less thaequal to &ents per kWh at a maximum

level. While DBEF cost increases depending on seesemumber of dimming drive ICs is less sensitive to
screen size. Although we assumed small market penetration rates for large screen size oveft8dinches, 32
products account for more than 90% of cumulative savings in this scenario.
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Figure D-2. Cost of Conserved Energy for Dimming Option (2012 LERCD TV s)
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Appendix E. Brightness and Luminance

Althoughwetried to useéechnical termsarefully and caistentlyin this report, readers midye confused

in some instanceRarticularly, this may be the case for the wrightness andduminancé, whichmany
people even manufacturers or researchees interchangeably and inconsistently. Most @eeplsed to
the term brightness as a picture settinghein displayand therefore the teriirightnessnaybe self
explanatoryso, it would be useful tbrieflydiscuss theschnicadistinction between luminance (measured at
the screen) and brightnéssrceived by the viewer)

Luminance is a photometric measure of the luminous intensity of light per unit\afiagran a given
direction. It isa measured value frarphotedetector described in therm of candela per square meters
(cd/m2). Luminace is a measurable quantity wbarihesponds to brightness, but the relationship between
them is nodinear and compleXeNNERGY STAR 2011kHalsted 1993Vikipedia 204 Table E1 shows
conceptuadlefinitions angeneramathematicdbrmsof technicaterms relevant to luminance.

Term Definition unit

Luminous intensity of light per,
Luminance unit aregmeasured brightness
of a surface)

Luminous flux (gantity of light
emittedperunit timein a o Qa6aQt
particular directigrper unit 10
solid angle
Perceivedjuantity of lighper ... ab
unit time(visible power of light) Qa0 alegy

COGOEQQBD a0 a4y i ¢ ARG D

- £ "Qc
a &

Luminous intensj

Luminous flux

Two-dimensional angle in threg

Solid angl®, U) dimensional space that an obijy o :i 4’
subtends at a point

SourceHalsted 1993Vikipedia 20hl
Table E-1.Concepts Relevant td.uminance

Brightness is asubjectiveattribute of visual perception elicited by the luménahan objectin which
viewersdeterminea degreebetweendvery dind and overy brighd. Brightness isvhat is perceived by the
viewer and isffected bythe magnitude of the liglhind environmental factors such as ambient light.
Although the luminance ptometer and the human eye both receive light from specific dirébgons,
perceived resultaay bedifferent becausthe photometedetects the light throughsingle detector while

the human eydoes the process througharge number afrganicsensorsas well as due to dilation or
narrowing of the irisAs brightness is what is perceived, not measured, the diys@esponse is non

linear to change in luminance. The sensitivity of the eye decreases as the magnitude of the light increases.
(Chinnock2011 Halsted 1993or this reasormABCs in TVs donot change the brightness linearly as the
room lighting chams linearly.Usuallywhen the room illuminance reaches a certain level, the brightness
decreases to a lewdlich viewer$eel adequate fdine room conditionsFigure E1 shows the relationship
between luminance and eye response.
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Luminance Scale 7 Brightness Scale
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Luminance vs. Eye Response : Non-linear

Source: Lee 2008
Figure E-1. Luminance vs. Eye Response

When we discussed 3D TV brightness in the report, it indicated that teghbioatoccurredn 3D mode

of a 3D-capable TVimay result that viewers may experience relatively low brightness level in 3D mode
compared to 2D mode although screen luminance is the same or above by automatic Adtlustigent.

3D perception renders the image subjectively bribhteit technically due to light loss, current 3D TVs

need to be improved furtheratbow an effectivierightness levéhat is comfortable for the viewer.
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