Exhibit 4
Estimated Savings

[Error Corrected, 10% Discount Rate, Efficiency Improvement, Zero Cost of Compliance]1

Present Value

1st year LCD Incremental 1st year PDP Incremental X . Annual (@10%)
. . 1st year Incremental Savings ~ Actual Cumulative Incremental . -
Year Sa-vmgs SaTvmgs from Tier 1 and 2 Savings from Tier 1and 2 Enfergy Energy Savings of Cumula'nve Incremental
from Tier 1 and 2 from Tier 1 and 2 (TWh/yr) (TWh/yr) Prices ($Mm) Savings from
(TWhyyr)? (TWhyyr) ($/kWh)? Tier 1and 2
($M)
a b c d=b+c e(t) =d(t) + e(t-1) f g=e*f (1+r;"\;ag—/2011)

2011 0.00 0.01 0.01 0.01 $0.1453 $1 S1

2012 0.00 0.01 0.01 0.02 $0.1429 $3 $2

2013 0.12 0.10 0.22 0.24 $0.1419 $34 $28

2014 0.11 0.10 0.21 0.44 $0.1410 $63 $47

2015 0.10 0.09 0.20 0.64 $0.1407 $90 $61

2016 0.09 0.09 0.18 0.82 $0.1403 $116 $72

2017 0.09 0.09 0.17 1.00 $0.1409 $140 $79

2018 0.08 0.08 0.16 1.16 $0.1406 $163 $84

2019 0.07 0.08 0.15 1.31 $0.1408 $185 $86

2020 0.06 0.08 0.14 1.46 $0.1405 $205 $87

2021 0.05 0.08 0.13 1.59

2022 0.05 0.09 0.14 1.72

Total $548

1 Values reflect savings to TVs in PG&Es dataset (2008). Savings based on an estimated useful life of 10 years (see April 2008 CASE report).
2 See Exhibit 7: Column L.

3 See Exhibit 8: Column L.

4 Annual Energy Prices were not explicitly given by the CEC. See Exhibit 6.



Exhibit 5
Estimated Savings

[Error Corrected, 10% Discount Rate, Efficiency Improvement, Cost of Compliance set to $17.14]1

Present Value
(@10%)

1st year LCD 1st year PDP 1st year incremental  Actual Cumulative Annual .
. . . . ) . . . . of cumulative
Vear Incremental Savings  Incremental Savings savings incremental savings Energy Energy Savings Units Sold Cost of Compliance Net Savings incremental savings
from Tier 1 and 2 from Tier 1 and 2 from Tier 1 and 2 from Tier 1 and 2 Prices (SM) (|\/|)5 (SM) (SM) from
(TWh/yr)® (TWh/yr)® (TWh/yr) (TWh/yr) ($/kwh)* Tier 1and 2
($M)
a b c d=b+c e(t) = d(t) + e(t-1) f g=e*f h i=h*$17.14 j=g-i k=j/
(1+r)Ma-2011)
2011 0.00 0.01 0.01 0.01 $0.1453 S1 4.36 $75 -$73 -$73
2012 0.00 0.01 0.01 0.02 $0.1429 $3 4.45 $76 -$74 -$67
2013 0.12 0.10 0.22 0.24 $0.1419 $34 4.55 $78 -$44 -$37
2014 0.11 0.10 0.21 0.44 $0.1410 $63 4.65 $80 -$17 -$13
2015 0.10 0.09 0.20 0.64 $0.1407 $90 4.75 $81 $9 $6
2016 0.09 0.09 0.18 0.82 $0.1403 $116 4.86 $83 $32 $20
2017 0.09 0.09 0.17 1.00 $0.1409 $140 4.96 $85 $55 $31
2018 0.08 0.08 0.16 1.16 $0.1406 $163 5.07 $87 $76 $39
2019 0.07 0.08 0.15 131 $0.1408 $185 5.18 $89 $96 $45
2020 0.06 0.08 0.14 1.46 $0.1405 $205 5.29 $91 $114 $48
2021 0.05 0.08 0.13 1.59 5.41
2022 0.05 0.09 0.14 1.72 5.53
Total S0

1 Values reflect savings to TVs in PG&Es dataset (2008). Savings based on an estimated useful life of 10 years (see April 2008 CASE report).
2 See Exhibit 7: Column L.

3 See Exhibit 8: Column L.

4 Annual Energy Prices were not explicitly given by the CEC. See Exhibit 6.

5 See Exhibit 1: Column A.

NOTE:
$17.14 is the cost of compliance at which the net present value of the estimated savings is zero. This value is solved via an iterative process.



Exhibit 6
Annual Energy Prices Estimation

Present Value

Annual Energy Prices Estimated CEC (@3%)
Year EIA Growth Rate Annual Energy Prices Estimated CEC
(S/kwh) (S/kwh) Annual Energy Prices
($/kwh)
- - e=d/

a b c(t) = b(t) - b(t-1)/b(t-1) d(t) =d(t-1) * (1 +c(t)) (14 F)\(a - 2011)
2011 $0.1478 $0.1453 $0.1453
2012 $0.1454 -1.62% $0.1429 $0.1388
2013 $0.1443 -0.74% $0.1419 $0.1337
2014 $0.1435 -0.59% $0.1410 $0.1291
2015 $0.1431 -0.23% $0.1407 $0.1250
2016 $0.1427 -0.30% $0.1403 $0.1210
2017 $0.1433 0.40% $0.1409 $0.1180
2018 $0.1430 -0.16% $0.1406 $0.1143
2019 $0.1432 0.14% $0.1408 $0.1112
2020 $0.1430 -0.19% $0.1405 $0.1077
2021 $0.1421 -0.62% $0.1397
2022 $0.1409 -0.81% $0.1385
Total $1.2440

The CEC staff report cites the Staff Forecast: Average Retail Electricity Prices 2005-2018 as its source for computing the present value of one kwh over a 10 year design life. Since the estimation period extends until 2022, it is unclear which
forecasted prices were used after 2018. The growth rates from Energy Information Administration 2009 Annual Energy Outlook (Early Release) and the net present value of $1.244 were used to solve backwards for the annual energy prices
that CEC must have used. See EIA, 2009 AEO (Early Release) End-Use Residential sector of California for 2009-2018. See Table 84. Electric Power Projections for EMM Region, Western Electric.



Exhibit 7
Energy Efficiency Improvements

[LCD]
1st year
Base Case Efficiency Corrected Base Case Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2 Incremental
Unit Energy Unit Energy Unit Energy Unit Energy Unit Energy Unit Energy . 3 Estimated Estimated Savings
Year Consumti Improvement . ) ) ) A Units Sold ) ) )
ption Estimate® Consumption Consumption Consumption Savings Savings Savings Savings from Tier 1
imate
(kWh/yr)* * (kwh/yr) (kWh/yr)* (kWh/yr)! (kWh/yr) (kWh/yr) (TWh/yr)*  (TWh/yr)® and 2
(TWhy/yr)
a b c d(t) =c(t) * (1-d(t-1)) e f g=max(0,d-e) h=max(0,d-f) i j=g*i*66% k=h*i*100% I=j+k
2008 335.2 335.2
2009 335.2 17% 279.3
2010 335.2 17% 232.8
2011 335.2 1% 230.5 238.0 0.0 3.8 0.00 0.00
2012 335.2 1% 228.1 238.0 0.0 39 0.00 0.00
2013 335.2 1% 225.9 238.0 196.9 0.0 29.0 4.0 0.00 0.12 0.12
2014 335.2 1% 223.6 238.0 196.9 0.0 26.7 4.0 0.00 0.11 0.11
2015 335.2 1% 221.4 238.0 196.9 0.0 24.5 4.1 0.00 0.10 0.10
2016 335.2 1% 219.2 238.0 196.9 0.0 223 4.2 0.00 0.09 0.09
2017 335.2 1% 217.0 238.0 196.9 0.0 20.1 4.3 0.00 0.09 0.09
2018 335.2 1% 214.8 238.0 196.9 0.0 17.9 4.4 0.00 0.08 0.08
2019 335.2 1% 212.6 238.0 196.9 0.0 15.7 4.5 0.00 0.07 0.07
2020 335.2 1% 210.5 238.0 196.9 0.0 13.6 4.6 0.00 0.06 0.06
2021 335.2 1% 208.4 196.9 11.5 4.7 0.05 0.05
2022 335.2 1% 206.3 196.9 9.4 4.8 0.05 0.05

1 LCD Unit Energy Consumption (kWh/yr). See PG&E Revised CASE Study, Table 6.
2 One manufacturer believes that energy efficiency of DTVs will improve by 17% annually between 2007 and 2010. They further believe that they will obtain a 10% annual improvement between 2010 and 2022.

Similarly, another manufacturer indicates that from December 2007 to October 2009 the energy efficiency of Energy Star DTVs improved by 22% annually. We have conservatively assumed an annual efficiency
gain of 17% between 2008 and 2010 and 1% annually thereafter.

3 See Exhibit 1: Column C1.
4 "LCD percentages is based on the percentage of LCDs in the PG&E dataset that did not qualify for Tier 1 level." See PG&E Revised CASE Study, Table 7. Footnote 5.

5 "Assume 100% for Tier 2 incremental savings." See PG&E Revised CASE Study, Table 7. Footnote 6.



Exhibit 8
Energy Efficiency Improvements

[PDP]
1st year
Base Case . Tier 1 Tier 2 Tier 1 Tier 2 | tal
) Efficiency  Corrected Base Case Unit ) . Tier 1 Tier 2 : : ncrerﬁen .
Unit Energy i Unit Energy Unit Energy i X . . 3 Estimated Estimated Savings
Year N Improvement Energy Consumption . . Unit Energy Savings Unit Energy Savings  Units Sold . . "
Consumption ) Consumption Consumption Savings Savings from Tier 1
1 Estimate (kWh/yr) 1 1 (kWh/yr) (kWh/yr) 4 s
(kwh/yr) (kwh/yr) (kwh/yr) (TWh/yr) (TWh/yr) and 2
(TWh/yr)
a b [ d(t) =c(t) * (1-d(t-1)) e f g=max(0,d-e) h=max(0, d-f) i j=g*i*95% k=h*i*100% I=j+k
2008 719.7 719.7
2009 719.7 17% 599.8
2010 719.7 17% 499.8
2011 719.7 1% 494.8 468.4 26.4 0.4 0.01 0.01
2012 719.7 1% 489.8 468.4 21.4 0.4 0.01 0.01
2013 719.7 1% 484.9 468.4 292.1 16.5 192.8 0.5 0.01 0.10 0.10
2014 719.7 1% 480.1 468.4 292.1 11.7 188.0 0.5 0.01 0.09 0.10
2015 719.7 1% 475.3 468.4 292.1 6.9 183.2 0.5 0.00 0.09 0.09
2016 719.7 1% 470.5 468.4 292.1 2.1 178.4 0.5 0.00 0.09 0.09
2017 719.7 1% 465.8 468.4 292.1 0.0 173.7 0.5 0.00 0.09 0.09
2018 719.7 1% 461.2 468.4 292.1 0.0 169.1 0.5 0.00 0.08 0.08
2019 719.7 1% 456.6 468.4 292.1 0.0 164.5 0.5 0.00 0.08 0.08
2020 719.7 1% 452.0 468.4 292.1 0.0 159.9 0.5 0.00 0.08 0.08
2021 719.7 1% 447.5 292.1 155.4 0.5 0.08 0.08
2022 719.7 1% 443.0 292.1 150.9 0.6 0.09 0.09

1 PDP Unit Energy Consumption (kWh/yr). See PG&E Revised CASE Study, Table 6.

2 One manufacturer believes that energy efficiency of DTVs will improve by 17% annually between 2007 and 2010. They further believe that they will obtain a 10% annual improvement between 2010 and 2022.
Similarly, another manufacturer indicates that from December 2007 to October 2009 the energy efficiency of Energy Star DTVs improved by 22% annually. We have conservatively assumed an annual efficiency gain
of 17% between 2008 and 2010 and 1% annually thereafter.

3 See Exhibit 1: Column C2.

4 "PDP percent is an estimate." See PG&E Revised CASE Study, Table 7. Footnote 5.

5 "Assume 100% for Tier 2 incremental savings." See PG&E Revised CASE Study, Table 7. Footnote 6.






Disclaimer

This report was commissioned by the Consumer Electronics Association on terms
specifically limiting Fraunhofer USA’s liability. Our conclusions are the results of the
exercise of our best professional judgment, based in part upon materials and information
provided to us by the Consumer Electronics Association and others. Use of this report by
any third party for whatever purposes should not, and does not, absolve such third party
from using due diligence in verifying the report’s contents.

Any use which a third party makes of this document, or any reliance on it, or decisions to
be made based on it, are the responsibility of such third party. Fraunhofer USA accepts no
duty of care or liability of any kind whatsoever to any such third party, and no responsibility
for damages, if any, suffered by any third party as a result of decisions made, or not made,
or actions taken, or not taken, based on this document.

This report may be reproduced only in its entirety, and may be distributed to third parties
only with the prior written consent of Fraunhofer USA.
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1 Executive Summary

We conducted a study to evaluate the energy savings potential of six policies and measures
that could reduce television (TV) energy consumption. To predict the energy saving
potential for each measure, we developed models for how each measure modified the
average power draw in active mode and/or the annual time spent in active mode relative to
the baseline case. The models are based on prior research into TV energy consumption
and information provided by the Consumer Electronics Association (CEA) and its member
companies. In addition, we developed information based on responses from a telephone
survey of 1,000 representative US households that was conducted to address knowledge
gaps about how TV owners might respond to different measures.

Table 1 summarizes the estimated annual electricity consumption (AEC) savings potential
for the measures applied to TVs in the State of California. To provide context, the installed
base of TVs in California consumed approximately 8,800 GWh in 2008. The AEC savings
from combining several different measures are not, however, necessarlly additive. For
example, the combined energy savings for the two Energy Star® specifications and auto
power-down and forced-menu functionality would equal approximately 400 to 440 GWh
in 2011.

Table 1: Summary of Annual Electricity Consumption (AEC) Savings Potential Estimates for Measures Evaluated, for
TVs in the State of California

Measure AEC Savings Comments

Potential [GWh]
Energy Star® v3.0 140 For TVs sold in 2011
Energy Star® v4.0 140 For TVs sold in 2011
Auto Power-Down 90 - 145 For TVs sold in 2011
Forced Menu 47 For TVs sold in 2009; assumes default is
Functionality “home"”/"standard” preset viewing mode
Advertising Campaign Maximum savings potential; actual savings
— Change Preset 555 likely much lower and would depend on
Viewing Modes advertising campaign; 2008 installed base
DTV Acceleration 10 For 2009; assumes one-year program
Program duration and $50 incentive level

The Energy Star® v3.0 and v4.0 specifications reduce TV energy consumption by limiting
maximum active-mode power draw as a function of TV screen area. We estimated the
incremental energy savings potential that sales of Energy Star® TVs would realize relative to
the baseline projections for the energy consumption characteristics of future TVs sold in
California used by the CEC to develop proposed active-mode power draw regulations. The
Energy Star® savings are projected to increase over time as the market share of TVs
meeting the specifications increases.

The “Auto Power-Down” measure reduces energy consumption by automatically switching
off TVs that are left on after a period of time without user input, assumed to be three
hours. Based on phone survey data for TV usage, we estimate that this feature could

Fraunhofter Center for Sustainable Energy Systems
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reduce the average daily TV on-time by about 0.5 hour. Furthermore, 62% of respondents
indicated they would enable such a feature, yielding an average of about 0.3h of
attainable savings per day per TV. The energy savings potential range shown in Table 1
assumes that all TV sold in 2011 have auto power-down functionality, with enabling rates
of 60 to 100 percent. If auto power-down functionality is not enabled as a default option,
we expect the savings to be much less.

The “Forced Menu"” measure aims to reduce energy by prompting users to select a
“home"” viewing mode (instead of a “bright” mode) when the television is first powered
on. The total savings depends on the energy saved by switching to a less bright preset
viewing mode and the fraction of TV owners that would switch to such a mode. We
estimate a 20% average energy savings associated with switching from “bright” to a
“home” mode for all TVs shipped in 2009. If the “standard/home” is the default forced
menu option, we estimate that 80% of users will select and maintain that option.
Calculated savings assume that all TVs sold in 2009 have this forced menu capability.

The “Advertising Campaign” measure seeks to convince viewers to switch their televisions
from a “bright” preset viewing mode to a “standard” or “home” viewing mode. Prior to
November, 2008, nearly all TVs were shipped in “bright” mode, and we estimate that
90% of installed TVs remain in this mode. Switching from “bright” to a “standard” mode
reduces active-mode power draw by approximately 10, 17, and 15 percent for the installed
base of CRT, LCD, and PDP technologies, respectively. Whereas other measures apply only
to new TVs, this measure applies to all TVs that have multiple preset viewing modes,
making the maximum savings potential very high." In practice, we expect that many — if
not most — owners would not be willing or able to go through the hassle of changing the
viewing mode, nor would many be willing to potentially compromise their viewing
experience (since consumers rank picture quality far higher in importance than energy
efficiency). In sum, we believe that there is a great chance that such a campaign would
not achieve significant participation, nor energy savings.

The “DTV Acceleration Program” measure would reduce TV energy consumption by
accelerating the retirement of old, inefficient televisions through a monetary incentive. This
incentive would apply to anyone trading in an older (2002 or earlier) TV for a similarly sized
new TV that uses at least 30% less energy than Energy Star® v3.0. As many of these older
TVs will be likely be retired relatively soon anyway, we assessed the incremental benefit of
accelerating that retirement. Key drivers for the impact of such a program include the
magnitude of the incentive and the sensitivity of consumers to price. Survey data suggest
that about 70 percent of the population would expect to collect at least $50 for trading in
their old TV. Our assessment assumes a $50 credit, an average television price of $450,
and elasticity of demand of 1.2. Overall, we estimate that a one-year program would
increase TV sales in the relevant size range by about 13 percent.

" The energy savings from this measure will decrease over time as pre-November, 2008 TVs are replaced by
TVs shipped in default preset viewing modes that draw less power, eliminating the energy savings potential
from this measure for those TVs.

Fraunhofter Center for Sustainable Energy Systems
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2 Introduction

Televisions (TVs) account for approximately 5 percent of U.S. residential sector electricity
consumption (Roth and McKinney 2007). As a result, TV electricity consumption has
received significant attention, particularly over the last several years. Most notably, the
Energy Star® specification for TVs added a maximum active-mode power draw in
November, 2008 (EPA 2008) and more stringent specification will take effect in 2010 and
2012 (EPA 2009). Moreover, the California Energy Commission (CEC) has proposed a two-
tiered regulation for TV active-mode power draw.

In this context, the Consumer Electronics Association (CEA) asked the Fraunhofer Center
for Sustainable Energy Systems (CSE) to evaluate the energy savings potential of several
proposed measures that could reduce TV active-mode power draw. The measures
analyzed are:

1. Energy Star Version 3.0 — Energy saved by the incremental installed base of TVs
that meet the active-mode power draw specification.

2. Energy Star Version 4.0 — Energy saved by the incremental installed base of TVs
that meet the active-mode power draw specification.

3. Auto Power-Down TV Functionality — Energy savings from adding a feature to
new TVs that would automatically turn off those TVs after an extended period of
time without user input.

4. Forced Menu Functionality — Shipping a new TV so that a menu for selecting a
preset viewing mode appears when the TV is initially set up.

5. Advertising Campaign to Convince TV Owners to Operate TVs in Less Bright
Preset Viewing Modes— Until very recently, almost all TVs were shipped with a
very bright preset viewing mode as the default. This measure would attempt to
convince owners to change their TVs to a less bright preset viewing mode that
draws less power while still maintaining an acceptable viewing experience.

6. Digital TV (DTV) Acceleration Program — Offering incentives to consumers to
replace older analog TVs with newer, similarly sized DTVs that draw appreciably
less power.

Our analysis focuses on the energy savings potential for these measures as applied to TVs
in the State of California.

It is important to note that this is not a comprehensive list of potential measures, i.e., other
measures, such as ambient brightness control, could also achieve appreciable energy
savings. Moreover, future TVs may have features, such as network connectivity, with the
potential both to increase energy consumption and enable additional energy-saving
opportunities.

Fraunhofter Center for Sustainable Energy Systems
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3 Analysis Methodology

This study focuses on evaluating the energy savings potentials of the six measures
described in the prior section. Consequently, we mostly take the energy consumption
baseline from the main analyses used by the CEC to develop proposed standards (Chase
2008a,b; CEC 2008) as a given and base our analyses on the baseline energy consumption
estimates and assumptions used in those studies. This includes applying the concept of
using prototypical TV sizes to represent the entire installed base and future sales of
different display technologies. Although such simplifying assumptions introduce
inaccuracies in the energy savings evaluations, we believe that they are acceptable given
the other uncertainties in characterizing the performance of future TVs and the energy
savings potential of different measures.

Our analyses reflect several common assumptions, including:

1. Analysis Timeframe — From 2011 through 2022, consistent with Chase (2008b) and
CEC (2008).

2. Relevant Display Technologies— Our analyses only consider liquid crystal displays
(LCD) and plasma display panels (PDP) for sales in the future years, since these are
the display technologies that currently have a meaningful installed base and are
expected to have appreciable sales over the analysis period; this simplification is
consistent with Chase (2008b) and CEC (2008). For our assessment of measures
that impact the installed base, we also include CRTs. Although other technologies
will likely become relevant over the timeframe of the projections, estimates for their
energy performance and, in particular, their sales volumes remain highly uncertain.

3. Future TV Sales in California— \We use the projections by display technology
presented in Chase (2008b), albeit with the caveats noted under “relevant display
technologies.”

4. Fnergy Star® Baseline Penetration — \We use the baseline (no regulation) case from
Chase (2008b) for the entire 2011 through 2022 period, i.e., 34% of LCDs® and
5% of PDPs meet the proposed CEC Tier 1 (the same as Energy Star® v3.0 for TV
screen sizes <40 inches, lower for larger TVs) and no LCD or PDP TVs sold meet the
proposed CEC Tier 2, which is the same as Energy Star® v4.0.

5. TV Annual Active Mode Usage — \We use the average value of 1,907 hours per year
for all TVs from Chase (2008b), and assume that the TVs remain in off mode for the
other 6,853 hours.

6. Equivalent Carbon Dioxide Emissions Impact — \We use the value of 0.50 kg CO,
per kWh of electricity agreed upon by the CEC and CPUC in 2007 (CPUC and CEC
2007).

7. Standby Power Draw— Our analysis focuses upon the energy savings potential of
measures that primarily reduce TV active-mode energy consumptlon Moreover,
over 90 percent of TVs sold in 2009 meet the Energy Star® v3.0 requirement that
the TVs draw less than 1W when off, the same level required by the proposed CEC
regulation. Therefore, we decided to ignore standby power draw for TVs sold
during the analysis period. On the other hand, since there are appreciable

? This estimate is a unit-weighted average, not a size-weighted average.
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differences between the standby power draw of current and older TVs, we do
consider the energy consumption in standby mode when analyzing the impact of
measures that affect the installed base of TVs.

8. Average TV Lifetime — \We use the estimate of 10 years of Chase (2008a), although
we note that this likely exceeds actual TV lifetimes, e.q., Appliance Magazine
estimates an average TV lifetime of around 6 years (Appliance Magazine 2006).

In addition, we explain several additional assumptions related to unit electricity
consumption (UEC) and installed base estimates in the following subsection.

3.1 Key Assumptions for UEC Calculations

The unit energy consumption (UEC) of televisions equals the product of the average TV
power draw in the two main modes that TV operate, on (also referred to as active) and off
(also referred to as standby) and the time that the average TV spends in each mode. As
noted above, we assume that the average TV operates for 1,907 and 6,853 hours per year
in active and off modes, respectively. For this analysis, we use the equations for the power
draw of the installed base and TVs that do not meet the regulations proposed by the CEC
from Chase (2008b), as a function of viewable screen area, A een (S€€ Table 2).

Table 2: Summary of TV Active-Mode Power Draw Calculations

Case Power Draw [W], as Function of Ay een Source

Installed Base CRT:P=0.23 * Aceen
LCD:P=0.27 * Asreen
PDP. P =0.36 * Acreen
Projection: P = 0.14 * Ayreen
Baseline — Non- LCD: P =0.24 * Ayeen + 30.81

CEC (2008)*

Compliant PDP. P =0.26 * Ayeen + 99.66 Chase (2008b)
Energy Star® Aseroon< 680 I°: Pray = 0.20 * Agreen + 32
v3.0 6805 Aseen< 1,045 ir7": Prop=0.24 * Asqreen+ 27 EPA (2008)
Ascreanz 1,045 ”723 Pmax = 0.156 * Aeent 151

®
ERCIOY ST A en> 275 I Pryag = 012 * Asreen + 25 EPA (2000)
,%,EOCPZ'S?J T Aueen< 1,400 Pro = 0.20 * Asreen(in®) + 32 CEC (2008)
CEC Tier 2 - , .
Proposed Asrroons 1,400 i P = 0.12 * Aeer(in®) + 25 CEC (2008)

*Based on Table 3 of CEC (2008). Although we assumed that the W/in” values apply to other screen sizes
than the average, that would be an atypical relationship between A and active-mode power draw.

In addition, we use the values of Chase (2008b) for the average screen size of the current
installed base of TVs and the projected prototypical size for future LCDs and PDPs, with
small modifications. Chase (2008b) assumed different prototypical TV sizes for the LCDs
analyzed in the Tier 1 and Tier 2 cases, i.e., 37.6" for the Tier 1 case and 39.1" in the Tier
2 case. This reflects projected increases in LCD screen size between 2011 and 2013, the
years that the Tier 1 and 2 standards would take effect. Unfortunately, Chase (2008) used
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the same TV size (i.e., 37.6") for the Tier 2 case as the Tier 1 case, even though the
baseline TV size would, presumably, also increase during this period. Instead, for our
analysis, we assume that the prototypical size of LCD TVs for a// cases equals the average
TV size projected by DisplaySearch, as shown in Chase (2008b). This yields the average
screen size and screen area, Aqqeen, Values over the analysis period shown in Figure 1.
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Figure 1: Projected Viewable Screen Areas of Prototypical LCD and PDP TVs

Applying the TV power draw equations from Table 3, we obtain the average power draw
and UEC values for several different cases shown in Table 3. The “non-compliant” data are
for units that meet neither the proposed CEC regulations nor the Energy Star®
specifications

? In addition, Chase (2008Db) set the LCD Accreen equal to the projected average A een fOr a/TVs sold in a
given year. Assuming that the estimate for the average PDP A een iS COrrect and taking into account the unit
sales shares for LCD and PDP while ignoring other display technologies, calculations for the average LCD
Asreen SUggest that Agqeen €stimates for LCD TVs are over-estimated by approximately 8 percent in 2009,
decreasing to around 6 percent in 2013 and subsequent years.
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Table 3: Active-Mode Power Draw and UEC Values for Prototypical TVs, Baseline and Energy Star® Cases

Power
Draw [W] 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Non LCD 162 170 176 181 188 188 188 188 188 188 188 188 188 188

Compliant PDP 351 366 377 377 377 377 377 377 377 377 377 377 377 377
EnergyStar LCD 142 148 153 157 163 163 163 163 163 163 163 163 163 163

v3.0 PDP 259 273 318 318 318 318 318 318 318 318 318 318 318 318
EnergyStar LCD 91 94 97 100 103 103 103 103 103 103 103 103 103 103
v4.0 PDP 141 148 153 153 153 153 153 153 153 153 153 153 153 153
UEC

[kWh] 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Non LCD 309 324 335 346 358 358 358 358 358 358 358 358 358 358

Compliant PDP 670 697 720 720 720 720 720 720 720 720 720 720 720 720
EnergyStar LCD 270 282 291 300 310 310 310 310 310 310 310 310 310 310

v3.0 PDP 495 520 606 606 606 606 606 606 606 606 606 606 606 606
EnergyStar LCD 173 180 186 191 197 197 197 197 197 197 197 197 197 197
v4.0 PDP 269 282 292 292 292 292 292 292 292 292 292 292 292 292

3.2 Installed Base Formulation

For 2008, we used the installed base estimate for TVs in California from CEC (2008),
including its breakdown of TVs by display technology. To model the evolution of the
installed base in subsequent years, we used the Chase (2008b) projections for LCD and
PDP TV sales through 2022, developing values for 2009 through 2011 based on a 4
percent increase in total California TV sales per year (from Display Search 2007 North
American sales projections for TVs presented in Chase 2008b) and a 2 percent annual
growth rate for subsequent years (same source).*

We used a very basic model for the retirement of TVs: all TVs are removed from the
installed base exactly ten years (assumed average TV lifetime) after they entered the
installed base. To estimate the number of TVs sold in California by display technology from
1999 through 2008, we used national TV shipments data from CEA (2009) for that period
and assumed that the proportion of national TV sales to California sales for all years
equaled the ratio of an estimate for California’s total shipments in 2008 to the CEA
national sales estimate in 2008. The California shipments estimate for 2008 was derived
using the aforementioned projected 4 percent growth rate for 2009 through 2011 (shown
in Chase 2008b) and applying those retrospectively relative to the Chase (2008b) estimate
for California TV sales in 2011. We then apportioned the TVs sold over this period by
display technology using the national sales data categorized by display type from CEA
(2009). Figure 2 summarizes the composition of installed base by display technology from

* We assigned the estimated 1-2 percent of TVs sold each year that use other display technologies to LCD
and PDP sales in proportion to the predicted unit sales volume breakdown used in Chase (2008b).
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2008 through 2022. In the assessment of the energy savings potential of specific
measures, we take into account the UEC values of the different vintages of TVs.
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Figure 2: California TV Installed Base Projects, by Display Technology

We considered using a more sophisticated model, such as a linear or Weibull distribution,
but decided against it because we didn’t feel that that would significantly improve the
accuracy of the energy savings potential assessments due to the many other uncertainties

in the energy savings assessments.
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4 Measure-Specific Analyses and Findings

Table 4 summarizes our estimates for the energy savings potentials of the different
measures. Subsequent subsections discuss the findings in greater detail.

Table 4: Summary of Annual Electricity Consumption Savings Potential Estimates for Measures Evaluated

Measure AEC Savings Comments

Potential [GWh]
Energy Star® v3.0 140 For TVs sold in 2011
Energy Star® v4.0 140 For TVs sold in 2011
Auto Power-Down 90 - 145 For TVs sold in 2011
Forced Menu 47 For TVs sold in 2009; assumes default is
Functionality “home"/"standard” preset viewing mode
Advertising Campaign Maximum savings potential; actual savings
— Change Preset 555 likely much lower and would depend on
Viewing Modes advertising campaign; 2008 installed base
DTV Acceleration 10 For 2009, assumes one-year program
Program duration and $50 incentive level

The AEC savings from combining several different measures are not, however, necessarily
additive. In general, the measures that impact the installed base are additive, whereas
those that impact new products are not. For example, the combination of the two Energy
Star® specifications with deployment of auto power-down and forced-menu functionality
would yield AEC savings of approximately 400 to 440 GWh in 2011.

4.1 Energy Star Version 3.0 and Version 4.0

For these two cases, we estlmated the /ncremental energy savings potential that the sale of
TVs satisfying the Energy Star® specification would realize relative to the baseline case of
no Energy Star® program for active mode (i.e., the baseline case of Chase 2008b).
Specifically, the baseline case still assumes that a percentage of all new LCD (34%) and
PDP (5%) units sold from 2011 to 2022 perform at the Tier 1 level proposed by the CEC,
which has the same power draw levels required to meet Energy Star® v3.0 for TVs with
screen sizes of less than 40 inches and lower levels for larger TVs. On the other hand, the
baseline assumes that no LCD or PDP TVs sold during this period meet the Energy Star®
v4.0 level (identical to the CEC’s proposed Tier 2; Chase 2008b) Figure 3 compares the
maximum active-mode power draw levels for the Energy Star® v3.0 and 4.0 specifications,
the two Tiers proposed by the CEC, and the estimated average power draw for LCD and
PDP units that do not comply with the CEC’s proposed Tier 1.
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Figure 3: Summary of TV Power Draw Levels

Clearly, developing reasonable projections for the fraction of future TVs sold that meets
the two Energy Star® specifications is crucial for developing credible assessments of the
energy savings potential. We developed such projections using a combination of current
sales data, along with projections for the future market share from the Energy Star
program (CCAP 2008). Specifically, TV sales data from a major retailer for the 2" quarter
of 2009 reveal that more than 92 percent of flat-panel TVs sold meet the Energy Star® v3.0
specification; unfortunately, that source drd not provide additional data for the portion of
LCDs and PDPs that met the Energy Star® specrfrcatron (Best Buy 2009). In general, LCD
TVs are more likely than PDPs to meet the Energy Star® specification, and we use this to
inform our estimates for the portion of LCDs and PDPs that meet the specification. First,
we assume that the projected split for 2009 TV sales between LCD and PDP sales by
DlsplaySearch i.e., ~89% LCD and ~11% PDP (published in 2007, noted in Chase
2008b).> Then, if we assume that 95 percent of LCD TVs meet the Energy Star®
specification, calculation finds that 73 percent of PDP units meet the specification. An
upper bound calculation, i.e., 100% of LCDs meet Energy Star v3.0, finds that 31% of
PDPs meet the specification. This does not seem plausible, and we use the 95 and 73
percent values in our analysis.

For both LCDs and PDPs, the current penetration levels exceed those projected by CCAP
for most of the period of 2009-2022 (CCAP 2008). Consequently, we assumed that the
portion of LCDs and PDPs meeting the Energy Star® v3.0 specification equaled 95 and 73
percent, respectively, for all years from 2009 through 2022. In contrast, we used the

> For the purposes of this analysis, we ignore OLED and MD RPTV sales, which were projected to total less
than 1 percent of TV sales in 2009.
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CCAP projections for the portion of LCDs and PDPs meeting the v4.0 specification.6 Figure
4 summarizes the projections for the percentages of TVs sold each year that meet the two
Energy Star® specifications.

100%

D
S 90%
S
9 30%
b~
S 70%
‘S 0
o 0% LCD-v3.0
b 0,
2 >0% LCD - v4.0
< 40%
g - = =PDP-v3.0
8  30%
Q J0% - = —PDP-Vv4.0
2] ()
o
S 10%

O% I I I I I I I I I I I I I 1

A O A AN N < 10D O N 0 OO O +H

O ™ ™= ™ =™ = =™ = = = = N N

O O O O O 0O OO0 oo oo o o

AN AN &N AN AN AN AN N AN NN AN NN

Figure 4: Projections for Portion of Annual Sales Meeting Energy Star® v3.0 and 4.0 Specifications

Based on these values, we develop projections for the annual electricity consumption (AEC)
of all of the TVs sold throughout the ana|y5|s period (2011-2022) that are in the California
installed base for the Baseline, Energy Star® v3.0, and Energy Star® v4.0 cases. For the
Energy Star® cases, we assume that all TVs that meet the specification just draw the
maximum power allowed. In practice, some portion of those units would almost certainly
draw less power than demanded by a given specification, resulting in additional energy
savings beyond the calculated values.

Figure 5 presents the difference between the AEC values, i.e., the energy savings of the
Energy Star® cases. Over the entire 2011-2022 period, v3.0 ylelds a total projected
electricity savings of 11,100 GWh, while the v4.0 specification reduces electricity
consumption by an additional 17,600 GWh relative to the baseline case. This translates
into CO, reductions of 5.5 and 14.3 million metric tons (MMT), respectively.

® Our assessment (as do CEC 2008 and Chase 2008a,b) assumes that the Energy Star® market share does
not vary as a function of Ageen. T the degree that this assumption does not hold, it would impact the AEC
savings projections in multiple ways, since both power draw and usage vary as a function of screen size (Roth
and McKinney 2007).
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Figure 5: Annual Energy Savings from Units Sold Meeting Energy Star® v3.0 and 4.0 Specifications

TV technology continues to rapidly change and projections for the portion of current and
future TVs shipments that would meet the Energy Star® specification has significant
uncertainty, notably for LCDs and PDPs for v4.0 and PDPs for v3.0. The energy savings
would change linearly with the (relative) percent increase or decrease in the proportion of
units meeting the different specifications. In addition, v5.0 has been finalized and will take
effect in May, 2012, with additional revisions almost certain to follow. Undoubtedly, some
portion of TVs sold would meet these more stringent specifications, leading to additional
energy savings beyond those projected for v4.0

4.2 Auto Power-Down TV Functionality

Auto Power-Down functionality would sense when a TV is on but has been operating
unattended for an extended period of time, e.g., based on a lack of operator inputs and/or
an occupancy sensor. After that period, likely somewhere between 1 and 4 hours, the TV
would turn off to save energy.

The crux to assessing this measure is to better understand the portion of TVs that can take
advantage of the functionality, particularly the number of hours that TVs spend on but not
actively being viewed, hereafter referred to as “active-unattended”, T,.,, and the number
of consecutive hours that TVs spent in active-unattended. Ideally, such measurements
would exist for a significant number of households, but we know of no such study.
Moreover, performing such a study would be time-intensive and costly. Instead, we opted
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to perform a phone survey about TV usage to develop estimates for the time that a larger
population of TVs spends in active-unattended mode.

The CEA carried out a phone survey of 1,000 demographically representative households
and asked the respondents the following questions for each the three TVs used most often
in their household. Data from Roth and McKinney (2007) suggest that these TVs represent
about 88% of all residential TVs and account for more than 90% of TV AEC. The survey
asked the following questions

1. Thinking of the TV that you own, during the PAST 24 HOURS, how much time was
it turned on? If you are not sure, please use your best estimate.

2. Thinking of the TV that you own, during the PAST 24 HOURS, how much time was
it in active use? If you are not sure, please use your best estimate.

3. Inthe PAST 24 HOURS, was your TV on for one hour consecutively without being
actively used?

4. If your TV had an option to recognize periods of INACTIVE USE, time you are not
actively watching or listening to your TV, and automatically turn off your TV, would
you activate this option? Answers. Yes, No, Don’t Know.

Due to the nature of the survey, the responses to these questions have significant
uncertainty. On the other hand, we would expect that the respondents would be more
likely to remember instances when TVs are left on for longer periods of time, i.e., the
instances where this auto power-down feature would realize the greatest energy savings.

Based on the responses, we calculated two values, the Maximum Savings Potential and the
Achievable Savings Potential, for different minimum periods of T,.,, 1, 2, 3, and 4 hours.
The maximum savings potential calculates T,., for each TV based on difference between
the first two questions /#Q3 = “yes”; if Q3 equals “no”, T, = 0. The Achievable Savings
Potential calculation also takes into account question 3, and sets T,., equal to the
calculated value if Q4 = “yes”, and T,., = O for all other responses. Figure 6 shows the
distribution of T,_, for the respondents for the Achievable Savings Potential sorting metrics,
for different minimum periods of T,.,, while Figure 7 presents the Maximum and
Achievable potential reductions in active hours, averaged over a//the TVs in the survey.
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Figure 7: Average Potential Reduction in Daily Active Hours from Auto Power-Down Functionality (for the 3 Most-
Used TVs in Household)

Unsurprisingly, the figures show that increasing the minimum T,_, reduces the potential
decrease in active hours. In practice, we believe that manufacturers would likely select at
least a three-hour period for T,.,, as this would avoid most situations where the TV would
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shut off while viewing a movie. This suggests a Maximum Potential Reduction of
approximately 0.5 hours per day per TV and an Achievable Reduction of 0.3 hours per day
per TV. For an average TV,’ this translates into potential active mode UEC reductions of
about 10 and 6 percent, respectively.

We then applied the reduction to all the TVs sold in a given year, based on the baseline
projections described in Section 3 for installed base, active mode usage, and power draw
by mode. Figure 8 summarizes the annual electricity savings potential from auto power-
down functionality for all the TVs added to the installed base of TVs in California for each
year from 2011-2022, assuming that a// of the new TVs from that year incorporate this
functionality. To be clear, the values shown do notrepresent the cumulative savings
potential from auto power-down functionality for the years from 2011-2022.
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Figure 8: Achievable Annual Energy Savings from Auto Power-Down Functionality for California TVs Sold in a
Given Year

In sum, the achievable annual savings potential for each vintage ranges from 90 to 120
GWh a year, an amount equivalent to 0.04 to 0.06 MMT CO, ., per year.

Two factors could reduce the achievable savings. First, data flows to the TV from the
internet or operation in download acquisition mode (DAM) could prevent the controller
from determining that a TV has entered a prolonged period of inactivity. That would, in
turn, decrease the reduction in hours spent in active mode and the energy savings realized
from auto power-down functionality. Second, if the implementation of auto power-down

’ We considered limiting this analysis to only residential TVs, but decided not to because it would have a very
small impact on the estimates (much smaller than other uncertainties) and we could envision situations in
commercial buildings that could yield similar savings (e.g., hotel rooms, hospital rooms, etc).
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functionality requires consumers to opt-in, we would expect the realized savings to be
much less. Specifically, we would expect a large portion of consumers to not carry through
on their expressed wish to employ the auto power-down.? If auto power-down is enabled
as the default option, i.e., opt-out, we would expect its use — and, hence, electricity and
CO,,¢ savings — to be closer to the Maximum Achievable scenario (see Figure 9).

Depending on the year, the annual electricity savings range from about 145 to 190 GWh,
with CO;  reductions of 0.07 to 0.09 MMT CO, .
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Figure 9: Maximum Annual Energy Savings from Auto Power-Down Functionality for California TVs Sold in a Given
Year

4.3 Forced Menu Functionality

The energy savings potential of forced menu functionality (FMF) depends upon two factors:
the energy saved by switching into a less bright preset viewing mode that draws less power
and the fraction of TVs that owners would switch their TVs into such a mode due to FMF.

Until very recently, almost all TVs were shipped to operate in a very bright preset viewing
mode? tailored for in-store operation (Ecos 2007, CEC 2008, Discussions with TV
Manufacturers). Since November of 2008, some TV manufacturers have shipping some or

® Thaler and Sunstein (2008) cite one well-known example that illustrates the potent impact of opt-in versus
opt-out. Specifically, the participation rate in one organization’s defined contribution retirement plan (such
as a 401-k) using an opt-in approach equaled only 20 percent after three months and 65 percent after 36
months. In contrast, when that organization switched to an opt-out approach, initial enroliment rates for
new employees were 90 percent and grew to 98 percent after three years (Madrian and Shea 2001, from
Thaler and Sunstein 2008).

? Several different names for this mode are used, including dynamic and vivid.
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all of their TVs in a “standard” mode that draws less power than the brightest viewing
mode. In addition, some manufacturers use a forced menu that requires consumers to
select a mode when the TV is initially installed.

Through the CEA, we asked TV manufacturers to provide data for the percentage of TVs
shipped in 2009 in different default modes. Based on responses received from five
manufacturers, we estimate that a majority of LCD TVs shipped in 2009 are either shipped
with “standard” as a default mode or with FMF. We received fewer data from PDP
manufacturers; the limited data suggest less use of FMF and “standard” as a default mode
for PDPs. For neither technology did we receive information from enough manufacturers
to enable precise calculation of percentages, so our estimates summarized in Table 5 have
significant uncertainty, particularly for PDPs.

Table 5: Estimated Distribution of Default Viewing Mode for TVs Shipped in 2009

Viewing Mode LCD PDP
Shipped

Standard 40% 20%
Bright 20% 50%
Forced Mode 40% 30%

Adding FMF has the potential to reduce energy consumption of TVs shipped in “bright”
modes, particularly if the default mode for the FMF is “standard” or a lower power mode.
In particular, findings from behavioral science indicate that consumers are much more likely
to select the default option in situations where they have limited knowledge (e.g., Thaler
and Sunstein 2008). As a result, if the default selection for a forced menu is a “bright”
mode, the FMF will likely achieve much smaller savings since a much smaller portion of
users would likely choose a less bright preset viewing mode.

Assuming that the FMF has “standard”/”home"” as the default preset viewing mode and
that 80 percent'® of users select that default option, this suggests that incorporation of
FMF into all TVs could achieve energy savings for approximately 16 percent of LCD TVs and
40 percent of PDP TVs.

Very limited data exist for the magnitude of the energy savings potential from operating in
“standard” instead of the "bright” mode. Tutt (2009) presents measurements for the
difference between “bright” and “home” modes for 14 TVs that showed an average
difference of 20 percent, i.e., the “bright” mode draws an average of 20 percent more
power than the “home” mode. Unfortunately, the sample size is very small and does not
breakdown the savings estimates by display type, so we consulted additional data sources
to attempt to improve the accuracy of the energy savings potential. Measurements from
CNET (2009) indicate that switching LCDs and PDPs from their defau/t mode — which can
be either a “bright” or “standard” mode — to a low-power active mode can reduce TV
energy consumption by around 25 and 41 percent, respectively. That source does not,

"% This is estimate has appreciable uncertainty. It is, however, consistent with the typical acceptance rate for
opt-out organ donor programs (Johnson and Goldstein 2003, from Thaler and Sunstein 2008).
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however, provide estimates for the magnitude of savings from switching from “bright” to
“standard” mode. If we assume, very roughly, that the savings from operating in
“standard” instead of “bright” mode equals half of the savings from switching from the
default mode to a low-power active mode, the estimate is generally consistent with the
data presented in Tutt (2009). Thus, we use 17 percent as an approximate estimate for the
energy savings potential for this measure.

Table 6 characterizes the energy savings potential of the opt-out FMF, assuming that all
new TVs sold in California in 2009 have this functionality with “standard”/"home"” as the
default mode. If a “bright” preset viewing mode were the default for the FMF, however,
we expect that the energy savings potential of the FMF would be a small fraction of the
calculated savings potential.

Table 6: Energy Savings Potential of Forced Menu Functionality, Applied to ALL LCD and PDP TVs Sold in California
in 2009

Display Projected Total AEC of New Estimated Approximate AEC
Technology 2009 Sales Units, Active Energy Relevant Savings
[Millions] Mode [GWh] Savings [%]  Portion of Potential
Units* [GWh]*
LCD 3.6 1,070 17% 16% 28
PDP 0.4 280 17% 40% 19
Total 4.0 1,350 N/A N/A 47

* Assumes “standard” mode as default mode and 80% of owners select the default mode.

4.4 Advertising Campaign to Convince TV Owners to Operate TVs in Less Bright
Preset Viewing Modes
The energy savings potential of this measure depends primarily upon the magnitude of the
reduction in active-mode power draw that can be achieved and the percentage of TV
owners that implement the measure (i.e., its uptake). Feedback received from several TV
manufacturers indicates that almost all TVs produced for the U.S. market prior to
November, 2008 were shipped in a “bright” mode (as discussed in the prior section), and
that almost all TVs shipped over the last decade could operate in multiple preset viewing
modes.

CNET (2009) has measured the power draw of more than 150 HDTVs since late 2005. Of
particular interest are measurements made to understand the potential energy savings
from entering less bright preset viewing modes. Specifically, the TVs were first tested in
their default mode,'" i.e., the preset viewing mode for the TV as shipped; when there was
not a default mode, the “home” mode was selected. Since TV repair shop data from the
UK indicate that most (~90%) TVs are viewed in the default mode, this provides a
reasonable estimate for the fraction of TVs that remain in the default mode (MTP 2009). It

" Until recently CNET did not carry out tests using IEC Standard 62087. Chase (2008b) cites an “industry
contact” that estimates the difference between the CNET and IEC test procedures to be no more than 10
percent for PDPs and 3 percent for LCDs; unfortunately, we have not seen any data to corroborate these

estimates.
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is not clear, however, how representative the TVs tested are of TVs sold since 2005. In
particular, we have focused on TVs released prior to November, 2008, since information
provided by TV manufacturers suggests that many TVs after that date were shipped in a
lower power mode to meet the Energy Star® v3.0 specification that took effect then. Table
7 summarizes the CNET test results for those TVs. To be clear, the “average maximum
reduction” estimates reflect data gathered for a/TVs, i.e., it includes data (0 percent
reduction) for TVs that could not enter a lower power mode than the default.

Table 7: CNET HDTV Test Summary: Potential Reductions in TV Active Mode Power Draw from Lower Power
Modes

Display % of TVs Entering Average Maximum Sample

Type Lower Power Mode Reduction in Active Power  Size
Draw, All TVs [%]

LCD A41% 17% 28

PDP 61% 15% 56

Fewer data were found for the potential reduction in CRT power draw from entering a less
bright preset viewing mode. One study did measure the potential decrease in CRT power
draw by decreasing screen luminance (Novem 1998), finding that a decrease from 230 to
130 cd/m? reduced average power draw by about 10 percent. These data have at least
two major limitations that limit their accuracy and applicability. First, the TVs were tested
with static color bar signals instead of typical TV viewing content used in the current test
procedure for TV active-move power draw, [EC 62087. Second, the TVs were all older
than the main vintages considered in the current study, so the results would not reflect the
impact of any advances or changes in CRT TVs since the mid to late 1990s. Nonetheless,
due to a dearth of more recent data, we use the 10 percent estimate in our analysis.

Table 8 summarizes our estimates for the potential reduction in active mode power draw
for different display technologies, for the entire installed base of TVs circa 2008.

Table 8: Average Reduction in TV Active-Mode Power Draw from Entering a Less Bright Preset Viewing Mode

Display Average Reduction in Active- Source
Technology Mode Power Draw, [%]

CRT ~10% Novem (1998)
LCD 17% CNET (2009)
PDP 15% CNET (2009)

If applied to the approximately 90 percent of the 2008 installed base of TVs estimated to
be in a “bright” mode,'? switching to a lower power mode could have reduced the AEC of
the installed base of TVs in California by approximately 1,000 GWh in 2008. This value will
decrease over time as pre-November, 2008 TVs are replaced by TVs shipped in default
preset viewing modes that draw less power than “bright” modes, eliminating the energy
savings potential from this measure for those TVs.

12 Estimates exclude projection TVs, due to very limited data and AEC impact.
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In theory, the energy savings potential of this measure is large because it could impact the
entire installed base of TVs. On the other hand, it does not appear likely that the measure
would be implemented for a significant fraction of TVs. As part of our phone survey, we
asked respondents the following question to determine how likely they would be to
implement this measure.

If you could use your remote to decrease the brightness of your screen which would
reduce the electricity used by the TV, how likely or unlikely would you be to do so?

Would you be . . .

01 Very likely

02 Likely

03 Neither likely nor unlikely
04 Unlikely

05 Very unlikely
99 DON'T KNOW

Figure 10 summarizes their responses. Based on assigning weightings of 90%, 75%,
50%, 25%, and 10% to these answers, the average respondent would have a 56%
likelihood of implementing the measure.

Would you use your remote to decrease screen
brightness and save electricity if you could?

35%
31%

30%
25% s
22% 1%
20%
17%
15%
10%
7%
5%
1%
0% —

Very likely Likely Neither likely Unlikely Very unlikely Don't know
nor unlikely

Figure 10: Distribution of Responses to the Question “Would you use your remote to decrease screen brightness
and save electricity if you could?”

Applying this weighting along with the earlier estimate that 90 percent of TVs are in a
“bright” mode suggests that approximately 50% of TV would be switched from a “bright”
mode to a less bright preset viewing mode. This yields the maximum annual savings
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potential show in Table 9, i.e., 555 GWh of electricity, reducing greenhouse gas emissions
by 0.28 MMT CO,.

Table 9: Maximum Annual Electricity Consumption Reduction Potential from Entering Lower Power Modes for the
Installed Base of TVs in 2008

Display Active-Mode Power California AEC* Imple- AEC*
Technology  Draw Reduction [%]  Installed Base [GWh] mentation  Savings
[/millions] Rate [GWh]
CRT 10% 22.3 4,300 50% 215
LCD 17% 10.6 2,920 50% 248
PDP 15% 1.8 1,220 50% 91
TOTAL 34.7 8,440 555

*AEC values in this table only reflect active mode.

Clearly, this represents an upper-bound estimate for the portion of people that would
actually switch the preset viewing mode of their TVs. In reality, a significant portion of
owners would not implement this measure. Peters et al. (1998) performed a study to
assess the likely efficacy of a TV-based energy conservation campaign that targeted three
energy-efficiency measures, including adjusting thermostat settings. We believe that this
measure has relevant similarities with the proposed TV measure, namely that both
measures require home occupants to change the settings of devices that many people
appear to find moderately challenging to modify. The study projected that the advertising
would lead to insignificant change in the number of households that would be willing to
lower space heating temperature setpoints because the campaign did not appreciably alter
peoples’ attitudes toward changing temperature setpoints.

There are at least two important caveats in this estimate. First, the annual energy cost
savings from reducing temperature setpoints is roughly an order of magnitude greater than
from changing TV viewing modes, which would tend to reduce the number of people who
would change TV viewing mode relative to changing temperature set point. On the other
hand, Peters et al. (1998) notes that another study found that a large portion of
households reduced thermostat settings in the period of 1973-1981, leading them to
“suspect that consumers may have already gone as far as willing to go in reducing
thermostat settings.” Put another way, the people generally willing to reduce thermostat
settings have already done so, to the greatest extent they feel comfortable. This is almost
certainly not the case for changing TV viewing modes, which suggests that the thermostat
findings could be somewhat pessimistic relative to changing TV viewing modes.

In addition, we presented this measure to two experts in communications (Weissman
2009, Lerbinger 2009). Both thought that such a media campaign would have, at best,
limited success due to the small cost savings that consumers would realize (approximately
$3 to 15/year) and the relative complexity of implementation (i.e., limited ability to change
preset viewing modes).
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Finally, consumers consider picture quality a much higher priority than energy efficiency
when making decisions about televisions. For example, in a series of interviews focused on
understanding potential TV buyers’ perceptions of energy efficiency, 38 percent of
consumers rated picture quality as the most important factor to them, while only 15
percent stated that energy efficiency was their top priority. Crucially, the raw percentages
almost certainly overstate the importance of energy efficiency, as the study summary notes
(GfK 2008): “Given the context in which this question was asked (i.e., in a survey about
energy efficiency), this is likely to be an inflated result for this factor.” Similarly, another
study of how consumers make decisions about purchasing TVs rates all energy-related
factors as “less often or not considered”, while picture-related attributes are ranked
among the “factors considered” (Winton Sustainable Research Strategies 2008). This
should not come as a surprise — fundamentally, people purchase TVs for the viewing
experience and would be unlikely to compromise that experience.

In sum, we expect that an advertising campaign to convince TV owners to place their TVs
into less bright preset viewing modes would achieve very low penetration rates due to the
hassle of changing the viewing mode relative to the energy cost savings and an
unwillingness to potentially compromise the viewing experience. As a result, only a very
small fraction of the large maximum savings potential of this measure would likely be
realized.

One alternative way to implement the basic idea at the core of this measure, i.e., changing
the preset viewing mode of the installed base of TVs to one that draws less power, would
be to have TV system installers, satellite TV providers, and cable TV providers include this
measure as part of regular service calls to homes. If these providers were willing to make
these changes during home visits, this could dramatically increase the uptake of the
measure, since initial estimates suggest that satellite and cable TV providers currently visit
the homes of approximately 15 to 25 percent of their subscribers per year (Comcast 2009,
Langille 2009) and up to 83 percent of U.S. households subscribe to video services' (The
Bridge 2009, Kim 2009, DOE 2008). On the other hand, such organizations are wary about
implementing this approach because it would not yield a tangible benefit to the service
provider while likely increasing the number complaint calls from (and follow-up home visits
to) customers who dislike the dimmer picture.

4.5 DTV Acceleration Program

The DTV Acceleration program would save energy by replacing older, less efficient TVs with
newer TVs of the same screen size that draw less energy in active mode. For our analysis,
we consider TVs from 2002 or earlier as potential candidates for replacement and assume
that the new TVs draw 30 percent less power than the maximum active-mode power draw
allowed by Energy Star® specification v3.0." Figure 11 summarizes estimates for the

" The 83 percent estimate equals the sum of household subscriptions for satellite and cable services, divided
by the total number of U.S. households. The actual percentage of households may be somewhat lower than
83 percent, because some households may receive both cable and satellite TV services.

' We selected this level because the utility incentives paid in California to retailers currently require this level
of performance (Michel and Chase 2009). In practice, some TVs will draw less power, which will tend to
increase the energy saved.
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number of TVs sold in California between 1999 and 2002, by display technology, based on
historic U.S. (i.e., national) sales data for this period (CEA 2009) and estimates for the
installed base of TVs in California in 2008 (CEC 2008). CRTs dominate, accounting for
more than 90 percent of all TVs sold during that period.
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Figure 11: Estimated Number of TVs Sold in California from 1999 to 2002, by Display Technology

Next, we compare the active-mode power draw of the baseline TVs, using again the Chase
(2008b) estimates for the prototypical TV sizes and power draw for the installed base of
different TV technologies (see Table 10) as well as the total UEC savings per TV taking into
account both active and off modes."> In practice, the estimated UEC reductions are
probably optimistic, since older TVs would probably be less Ilkely to be a household’s
primary TV. Since primary TVs are, on average, the only TVs in households that operate in
active mode more hours per day than the average TV, ~ these older TVs probably operate
in active mode fewer hours per year, decreasing the UEC and energy savings potential.

'> As noted earlier, most TVs sold today meet the EnergyStar v3.0 requirement to draw <1W when off. Data
presented in Roth and McKinney (2007) show that between 40 and 50 percent of TVs sold from 1999 to
2002 satisfied the EnergyStar® requirement that they draw less than 3W when off. Rosen and Meier (1999,)
estimated that pre-EnergyStar® TVs drew an average of 5W when off, suggesting that 4W is a reasonable
estimate for the average off-mode power draw of 4W for all TVs sold between 1999 and 2002. Multiplying
the 3W difference by 6,853 hour in off mode per year (=8,760-1,907) yields a UEC savings of 21kWh/year in
off mode. We assume that the average power draws of TVs from 1998-2002 does not vary appreciably from
the averages for TVs of the same size and display technology over the 1999-2008.

® Roth and I\/IcKlnney (2007) report that primary TVs spend an average of 7.1 hours/day in active mode,
while the 2", 3", and 4™ TVs spend an average of 4.2. 3.3, and 3.2 hours/day, respectively, in active mode.
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Table 10: Energy Savings Potential, Replacing 1999 to 2002 Vintage TVs with TVs Consuming 30% Less Energy
Than Energy Star® v3.0

Display Technology  California Average Power [W] UEC
Units Screen, Baseline  Energy Stai® ~ Savings
Sold Area [in] V3.0 — 30% [kWh]
[millions]
CRT 9.6 439 101 84 54
LCD 0.4 533 144 97 110
Projection 0.5 1,750 245 297 None

Thus, the maximum annual energy savings potential if a/ CRTs and LCDs of this vintage
were retired equals about 560 GWh per year (CRT=520 GWh, LCD=40 GWh).

In practice, many of these TVs would expect to be replaced reasonably soon because they
are older. As such, what matters is the /ncremental energy savings achieved by accelerated
replacement of older TVs. Presumably, the incremental energy savings would, in turn, vary
with the magnitude of the incentive offered, and we evaluated this effect in two ways:
based on the elasticity of TV sales for different incentive levels and through phone surveys.
The economic literature indicates the price elasticity of demand for TVs is approximately 1.2
(cited in Anderson et al. 1997). That is, a 10 percent reduction in TV price would increase
TV sales by 12 percent.

The average CRT in the installed base has a screen size of approximately 30 inches,"” and
the costs of the best-selling similarly sized LCD TVs range from approximately $300 to 600
(CEA 2009, Best Buy 2009). Assuming an average sales price of $450, a rebate on the
order of $50 (11 percent discount), and a 1.2 price elasticity of demand for TVs yields a 13
percent increase in sales. Currently, LCDs dominate TV sales in this size range, and screen
sizes between 24 and 34 inches account for about 40 percent of all LCD TVs sold. Based
on projected total LCD sales in California of 3.6 million units in 2009, a $50 rebate that
persisted for all of 2010 would lead to incremental replacement sales of approximately 0.2
million units (= 3.6 million * 40% * 13%). Multiplication by the UEC savings of 54 kWh
per year yields a projected AEC savings of about 10 GWh.

In addition, the phone surveys asked the respondents the following question:

If you could receive a credit for turning in an older, that is, before 2002, television
to help purchase a new television of the same size that reduces energy, what
amount of money would you expect to collect for your older television, assuming
you had one?

The cumulative distribution for their responses shows that about 30 percent of
respondents would expect to collect at least $50 for trading in their old TV (see Figure 12).

" For a fixed rebate quantity per TV, TV owners would be likely to retire in smaller TVs since the relative
subsidy is larger. On the other hand, this would result in greater response to the program, increasing the
number of smaller units actually retired.
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In practice, the percentage of people that would actually trade in their TVs at a given
incentive level would undoubtedly be smaller, since not everyone will act as they respond.
Nonetheless, this supports the idea that a rebate would need to be in the $50 range to
entice significant /ncremental sales.
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Figure 12: Survey Respondent’s Average Incentive Desired to Replace Older TV with Energy Efficient New TV
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5 Conclusions

We conducted a study to evaluate the energy savings potential of six measures and policies
that could reduce TV energy consumption. To evaluate the energy saving potential for each
measure, we developed models for how each measure modified the average power draw
in active mode and/or the annual time spent in active mode relative to the baseline case.
The models reflect prior research into TV energy consumption and information provided by
the Consumer Electronics Association (CEA) and its member companies. In addition, we
developed information based on responses from a telephone survey of 1,000
representative U.S. households that was conducted to address gaps in how TV owners
might respond to different measures.

Table 11 summarizes the annual electricity consumption AEC savings potentials of the
measures, when applied to TVs in the State of California. We evaluated the incremental
energy savings potential of each measure relative to estimates for current and projected TV
energy-consumption characteristics, specifically the same estimates used by the CEC to
develop their proposed TV active-mode power draw regulations.

To provide context, the installed base of TVs in California consumed approximately 8,800
GWh in 2008. Some measures are additive in their effect, e.g., those that impact only the
installed base are additive with those that affect uniquely new TVs. In other cases,
however, the AEC savings from combining several different measures are not additive. For
example, combining the two Energy Star™ specifications and auto power-down and forced-
menu functionality would reduce TV AEC by approximately 400 to 440 GWh in 2011.

Table 11: Summary of Annual Electricity Consumption Savings Potential Estimates for Measures Evaluated, for TVs
in the State of California

Measure AEC Savings Comments

Potential [GWh]
Energy Star® v3.0 140 For TVs sold in 2011
Energy Star® v4.0 140 For TVs sold in 2011
Auto Power-Down 90 - 145 For TVs sold in 2011
Forced Menu 47 For TVs sold in 2009; assumes default is
Functionality “home"”/"standard” preset viewing mode
Advertising Campaign Maximum savings potential; actual savings
— Change Preset 555 likely much lower and would depend on
Viewing Modes advertising campaign; 2008 installed base
DTV Acceleration 10 For 2009; assumes one-year program
Program duration and $50 incentive level

The Energy Star® v3.0 and v4.0 specifications reduce TV energy consumption by creating a
market demand for TVs that draw less power in active mode than a specified level as a
function of TV screen area. Using EPA’s projections for the future market share of v3.0-
and v4.0-compliant TVs, we find that the v3.0 and 4.0 specifications are achieve similar
energy savings in 2011, about 140 GWh each. This masks an important difference,
notably that the market share of v3.0-compliant TVs is much higher than v4.0 compliant
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TVs in 2011; much higher UEC savings from the v4.0 specification result in similar total
energy savings for the two specifications. In the years after 2011, the AEC savings grow,
particularly as the sales of v4.0-compliant units increase.

The “Auto Power-Down"” measure reduces energy consumption by switching off TVs after
a period of unattended operation, assumed to be three hours (to avoid most situations
where the TV would switch off during movie watching). Based on phone survey data for
TV usage, we estimate that this feature could reduce the average TV on-time by about 0.5
hours per day. Since 62% of respondents indicated they would enable such a feature, this
would yield an attainable average daily reduction of about 0.3 hours. The behavior
modification literature suggests that if auto power-down functionality is not enabled as a
default option, e.g., as an opt-in option instead, the implementation rate would be much
lower, as would the realized energy savings.

The “Forced Menu"” measure can save energy by prompting users to select a “home”
preset viewing mode (instead of a “bright” mode) when the television is first deployed in a
home. The total savings depends on the difference in active-mode between preset viewing
modes, the fraction of TVs shipped with the “bright” mode as the default mode, and the
fraction of TV owners that would switch to a low-power mode. We estimate that an
average new TV in 2009 achieves about a 17 percent reduction in active-mode power
draw by switching from “bright” to “home” mode. In addition, data provided by TV
manufacturers suggest that approximately 20 percent of LCD TVs and 50 percent of PDPs
are shipped in a bright mode. If the “standard/home” is the default forced menu option,
we estimate that 80% of users will select and maintain that option, resulting in just under
50 GWh of energy savings if FMF were available in all TVs shipped in 2009.

The “Advertising Campaign” measure seeks to convince viewers to switch their televisions
from a “bright” preset viewing mode to a “standard” or “home” viewing mode. Prior to
November, 2008, most TVs were shipped in a “bright” mode to enhance in-store appeal,
and field data suggest that about 90% of installed TVs remain in this mode. Switching
from “bright” to “standard” mode reduces active-mode power draw by approximately 10,
17, and 15 percent for the installed base of CRT, LCD, and PDP technologies, respectively.
In contrast to the measures already discussed, the measure applies to all TVs that have low
power modes, resulting in a very high maximum energy savings potential.'® In practice, we
expect that many — if not most — owners would not be willing or able to go through the
hassle of changing the viewing mode, nor would many be willing to potentially
compromise their viewing experience (since consumers rank picture quality as a much more
important attribute of TVs than energy efficiency). Consequently, we believe that an
advertising campaign alone would not achieve significant participation and resulting
energy savings.

Lastly, the “DTV Acceleration Program” measure seeks to reduce energy by providing
consumers with a financial incentive to accelerate the replacement of older TVs with newer
TVs that consume less energy. In our analysis, we considered a $50 incentive offered to

"® The energy savings from this measure will decrease over time as pre-November, 2008 TVs are replaced by
TVs shipped in default preset viewing modes that draw less power, eliminating the energy savings potential
from this measure for those TVs.
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replace a CRT from 2002 or earlier with a similarly sized new TV that draws at least 30%
less power in active mode than allowed by Energy Star® v3.0. Since many of these older
TVs will likely be retired relatively soon anyway, we assessed the incremental sales and
energy savings from accelerating that retirement. Clearly, the size of the incentive and the
price elasticity of TVs both have a major impact on incremental TV sales driven by the
program. Overall, a one-year program with the basic parameters outlined above would
increase TV sales in the relevant size range by about 13 percent. Since this measure affects
the energy consumption of a relatively small quantity of TVs, we project that it will save
significantly less energy than other measures that impact a larger portion of TVs sold or the
installed base.
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