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CHAPTER 1. INTRODUCTION

1.1 PURPOSE OF THE DOCUMENT

This technical support document (TSD) is a stand-alone report that provides the technical
analyses and results supporting the development of the notice of proposed rulemaking (NOPR)
of this rulemaking for battery chargers and external power supplies (EPSs).

1.2 SUMMARY OF NATIONAL BENEFITS

DOE’s analyses for EPSs indicate that the proposed standards would save a significant
amount of energy—an estimated 0.95 quads of cumulative energy over 30 years (2013 through
2042). Thisamount is equivalent to 77 percent of the energy used annually by electronicsin U.S.
homes. In addition, DOE Expects the energy savings from the proposed standards to eliminate
the need for approximately 0.53 gigawatts (GW) of generating capacity by 2042.

The cumulative national net present value (NPV) of total consumer costs and savings of
the proposed standards for products shipped in 2013-2042, in 2010$, ranges from $0.67 hillion
(at a 7-percent discount rate) to $1.64 billion (at a 3-percent discount rate).? This NPV isthe
estimated total value of future operating-cost savings during the analysis period, minus the
estimated increased product costs, discounted to 2011.

In addition, the proposed standards would have significant environmental benefits. The
energy savings would result in cumulative greenhouse gas emission reductions of 44.84 million
metric tons (Mt)° of carbon dioxide (CO,) in 2013-2042. During this period, the proposed
standards would result in emissions reductions of 37 kilotons (kt) of nitrogen oxides (NOx) and
0.24 tons (t) of mercury (Hg).© DOE estimates the net present monetary value of the CO,
emissions reduction is between $0.19 and $2.84 billion, expressed in 2010$ and discounted to
2011. DOE dso estimates the net present monetary value of the NOx emissions reduction,
expressed in 2010 $ and discounted to 2011, is between $5.90 and $60.61 million at a 7-percent
discount rate, and between $10.58 and $108.74 million at a 3-percent discount rate.

The benefits and costs of the proposed standards can also be expressed in terms of
annualized values over the 2013-2042 period. The annualized monetary values are the sum of
(1) the annualized national economic value, expressed in 201083, of the benefits from operating

 DOE uses discount rates of 7 and 3 percent based on guidance from the Office of Management and Budget (OMB
Circular A-4, section E, September 17, 2003). See section V.G for further information.

® A metric ton is equivalent to 1.1 short tons. Results for NOy and Hg are given in short tons.

¢ DOE cal culates emissions reductions relative to the most recent version of the Annual Energy Outlook (AEO)
Reference case forecast. Asnoted in section 15.2.4 of TSD chapter 15, this base case accounts for regulatory
emissions reductions through 2008, including the Clean Air Interstate Rule (CAIR, 70 FR 25162 (May 12, 2005)),
but not the Clean Air Mercury Rule (CAMR, 70 FR 28606 (May 18, 2005)). Subsequent regulations, including the
currently proposed CAIR replacement rule, the Clean Air Transport Rule, do not appear in the base case.



products that meet the proposed standards (consisting primarily of operating cost savings from
using less energy, minus increases in equipment purchase costs, which is another way of
representing consumer NPV), and (2) the monetary value of the benefits of emission reductions,
including CO, emission reductions.® The value of the CO, reductions, otherwise known as the
Social Cost of Carbon (SCC), is calculated using a range of values per metric ton of CO,
developed by arecent interagency process. The monetary costs and benefits of cumulative
emissions reductions are reported in 20103 to permit comparisons with the other costs and
benefits in the same dollar units. The derivation of the SCC values is discussed in further details
in chapter 16 of this TSD.

Although combining the values of operating savings and CO, reductions provides a
useful perspective, two issues should be considered. First, the national operating savings are
domestic U.S. consumer monetary savings that occur as a result of market transactions while the
value of CO, reductions is based on a global value. Second, the assessments of operating cost
savings and CO, savings are performed with different methods that use quite different time
frames for analysis. The national operating cost savings is measured for the lifetime of EPSs
shipped in 2013 —2042. The SCC values, on the other hand, reflect the present value of all future
climate-related impacts resulting from the emission of one ton of carbon dioxide in each year.
These impacts continue well beyond 2100.

Estimates of annualized benefits and costs of the proposed standards for EPSs are shown
in Table 1-1. Using a 7-percent discount rate and the SCC value of $22.3/ton in 2010, which was
derived using a 3-percent discount rate (see note below Table 1-1), the cost of the standards
proposed in today’ s rule is $220.0 million per year in increased equipment cogts, while the
annualized benefits are $274.0 million per year in reduced equipment operating costs, $47.5
million in CO; reductions, and $2.7 million in reduced NOx emissions. In this case, the net
benefit amounts to $104.2 million per year. Using a 3-percent discount rate and the SCC value of
$22.3/ton in 2010, the cogt of the standards proposed in today’ s rule is $233.1 million per year in
increased equipment costs, while the benefits are $316.5 million per year in reduced operating
costs, $47.5 million in CO; reductions, and $3.0 million in reduced NOx emissions. At a 3-
percent discount rate, the net benefit amounts to $134.0 million per year.

4 DOE used a two-step cal culation process to convert the time-series of costs and benefitsinto annualized val ues.
Firg, DOE calculated a present value for the time-series of costs and benefits using a discount rate of either three or
seven percent. From the present value, DOE then cal cul ated the fixed annual payment over the analysis time period
(2013 through 2042) that yielded the same present value. The fixed annual payment is the annualized value.
Although DOE cal culated annualized values, this does not imply that the time-series of cost and benefits from which
the annualized values were determined is a steady stream of payments.
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Table 1-1 Annualized Benefitsand Costs of Proposed Standardsfor External Power
Supplies Shipped in 2013-2042

Primary Low High
. Estimate* Estimate* Estimate*
Discount Rate
Monetized (million 2010%/year)
Benefits
. . % 274.0 260.4 287.4
Operating Cost Savings
3% 316.5 2994 333.8
CO; Reduction at $4.9/t** | 5% 12.3 12.3 12.3
g%;ﬂ”cnon a 3% 475 475 475
g%gﬂ”(’“o” a 2.5% 74.7 74.7 74.7
ggz gfﬂ”c“on a 3% 145.1 145.1 145.1
NOy Reduction at % 2.7 2.7 2.7
$2,537/t** 3% 3.0 3.0 3.0
7% plus CO; 302.5to
range 289.0t0 421.8 275.4 10 408.2 4352
Totalt % 324.2 310.6 337.7
3% 367.1 350.0 384.4
3% plus CO, 349.2to
range 331.9t0 464.6 314.8t0 447.6 4819
Costs
% 220.0 220.0 220.0
Incremental Product Costs
3% 233.1 233.1 233.1
Total Net Benefits
0,
7%pPusCO2 1690102018  [554101882 |82.410215.2
range
Totalt % 104.2 90.6 117.6
3% 134.0 116.9 151.3
3% plus CO, 116.1to
range 98.8t0 231.6 81.7to0 214.5 248.9

* Theresults include benefits to consumers which accrue after 2042 from the products purchased from 2013 through
2042. Costs incurred by manufacturers, some of which may be incurred prior to 2013 in preparation for therule, are
indirectly included as part of incremental equipment costs. The Primary, Low Benefits, and High Benefits Estimates
utilize forecasts of energy prices from the AEO2010 Reference case, Low Estimate, and High Estimate,
respectively.** The CO, values represent global monetized values (in 2010%) of the social cost of CO, emissionsin

1-3



2010 under several scenarios. The values of $4.9, $22.3, and $36.5 per ton are the averages of SCC distributions
calculated using 5-percent, 3-percent, and 2.5-percent discount rates, respectively. The value of $67.6 per ton
represents the 95™ percentile of the SCC distribution calculated using a 3-percent discount rate. The value for NOx
(in 2010%) isthe average of the low and high values used in DOE’ s analysis.

T Total Benefits for both the 3-percent and 7-percent cases are derived using the SCC value calculated at a 3-percent
discount rate, which is $22.3/ton in 2010 (in 2010%). In the rows labeled as “ 7% plus CO,range” and “3% plus CO,
range,” the operating cost and NOy benefits are cal culated using the labeled discount rate, and those values are
added to thefull range of CO, values.

DOE’s analyses for battery chargers indicate that the proposed standards would save a
significant amount of energy—an estimated 1.53 quads of cumulative energy over 30 years (2013
through 2042). This amount is equivalent to 1.25 times the amount of energy used annually by
electronicsin U.S. homes. In addition, DOE expects the energy savings from the proposed
standards to eliminate the need for approximately 0.83 GW of generating capacity by 2042.

The cumulative NPV of total consumer costs and savings of the proposed standards for
products shipped in 2013-2042, in 2010$, ranges from $6.60 hillion (at a 7-percent discount
rate) to $12.01 billion (at a 3-percent discount rate).® This NPV is the estimated total value of
future operating-cost savings during the analysis period, minus the estimated increased product
costs, discounted to 2011.

In addition, the proposed standards would have significant environmental benefits. The
energy savings would result in cumulative greenhouse gas emission reductions of 70.69 Mt of
CO; in 2013-2042. During this period, the proposed standards would result in emissions
reductions of 58.27 kt of NOx and 0.39 t of Hg." DOE estimates the net present monetary value
of the CO, emissions reduction is between $0.30 and $4.54 hillion, expressed in 2010$ and
discounted to 2011. DOE also estimates the net present monetary value of the NOx emissions
reduction, expressed in 2010$ and discounted to 2011, is between $9.20 and $94.52 million at a
7-percent discount rate, and between $16.73 and $172.02 million at a 3-percent discount rate.

The benefits and costs of today’ s proposed standards can also be expressed in terms of
annualized values over the 2013-2042 period. The annualized monetary values are the sum of
(1) the annualized national economic value, expressed in 201083, of the benefits from operating
products that meet the proposed standards (consisting primarily of operating cost savings from
using less energy, minus increases in equipment purchase costs, which is another way of
representing consumer NPV), and (2) the monetary value of the benefits of emission reductions,

° DOE uses discount rates of 7 and 3 percent based on guidance from the Office of Management and Budget (OMB
Circular A-4, section E, September 17, 2003). See section V.G for further information.

" DOE cal culates emissions reductions relative to the most recent version of the Annual Energy Outlook (AEO)
Reference case forecast. Asnoted in section 15.2.4 of TSD chapter 15, this base case accounts for regulatory
emissions reductions through 2008, including the Clean Air Interstate Rule (CAIR, 70 FR 25162 (May 12, 2005)),
but not the Clean Air Mercury Rule (CAMR, 70 FR 28606 (May 18, 2005)). Subsequent regulations, including the
currently proposed CAIR replacement rule, the Clean Air Transport Rule, do not appear in the base case.
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including CO, emission reductions.® The value of the CO, reductions, otherwise known as the
Social Cost of Carbon (SCC), is calculated using a range of values per metric ton of CO,
developed by arecent interagency process. The monetary costs and benefits of cumulative
emissions reductions are reported in 2010$ to permit comparisons with the other costs and
benefits in the same dollar units. The derivation of the SCC values is discussed in further detail
in chapter 16 of this TSD.

Although combining the values of operating savings and CO; reductions provides a
useful perspective, two issues should be considered. First, the national operating savings are
domestic U.S. consumer monetary savings that occur as a result of market transactions while the
value of CO, reductions is based on a global value. Second, the assessments of operating cost
savings and CO, savings are performed with different methods that use quite different time
frames for analysis. The national operating cost savings is measured for the lifetime of battery
chargers shipped in 2013 —2042. The SCC values, on the other hand, reflect the present value of
all future climate-related impacts resulting from the emission of one ton of carbon dioxide in
each year. These impacts continue well beyond 2100.

Using a 7-percent discount rate and the SCC value of $22.3/ton in 2010, which was
derived using a 3-percent discount rate (see note below Table 1-2), the cost of the standards
proposed in today’ srule is-$92.8 million per year in increased equipment costs, while the
annualized benefits are $439.0 million per year in reduced equipment operating costs, $75.9
million in CO; reductions, and $4.2 million in reduced NOyx emissions. In this case, the net
benefit amounts to $611.9 million per year. Using a 3-percent discount rate and the SCC value of
$22.3/ton in 2010, the cogt of the standards proposed in today’ s rule is -$98.3 million per year in
increased equipment costs, while the benefits are $514.2 million per year in reduced operating
costs, $75.9 million in CO; reductions, and $4.8 million in reduced NOx emissions. At a 3-
percent discount rate, the net benefit amounts to $693.3 million per year.

9 DOE used atwo-step calculation process to convert the time-series of costs and benefitsinto annualized val ues.
Firg, DOE calculated a present value for the time-series of costs and benefits using a discount rate of either three or
seven percent. From the present value, DOE then cal cul ated the fixed annual payment over the analysis time period
(2013 through 2042) that yielded the same present value. The fixed annual payment isthe annualized value.
Although DOE cal culated annualized values, this does not imply that the time-series of cost and benefits from which
the annualized values were determined is a steady stream of payments.
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Table 1-2 Annualized Benefits and Costs of Standards for Battery Chargers Shipped in
2013-2042

Primary . High
] Estimate* Low Estimate* Estimate*
Discount Rate
Monetized (million 2010$/year)
Benefits
Ooerating Cod. S 7% 439.0 4178 460.3
eratin 1NQs
perating g 3% 514.2 487.2 541.9
CO, Reduction at $4.9/t** 5% 19.6 19.6 19.6
CO, Reduction at $22.3/t** 3% 75.9 75.9 75.9
CO, Reduction at $36.5/t** 2.5% 119.3 119.3 119.3
CO, Reduction at $67.6/t** 3% 231.6 231.6 231.6
7% 42 42 42
NOx Reduction at $2,537/t** °
3% 48 48 48
0,
7% plus CO, 4629106748 | 441.6t0653.6 | 484.1t0696.0
range
rotal 7% 519.1 497.9 540.3
Ol
3% 594.9 567.9 622.6
0,
3% plus CO; 538.7t0750.6 | 511.7t0723.6 | 566.3t0 778.3
range
Costs
Incremental Product Costs L (528) (928) (928)
3% (98.3) (98.3) (98.3)
Total Net Benefits
0,
7% plus CO, 555.7t0767.6 | 534.5t0746.4 | 576.9t0 788.8
range
ot 7% 611.9 590.7 633.2
Ol
3% 693.3 666.3 720.9
0,
3% f;;‘;foZ 637.0t0849.0 | 610.0t0821.9 | 664.7 t0 876.6

* Theresults include benefits to consumers which accrue after 2042 from the products purchased from 2013 through
2042. Costs incurred by manufacturers, some of which may be incurred prior to 2013 in preparation for therule, are
indirectly included as part of incremental equipment costs. The Primary, Low Benefits, and High Benefits Estimates
utilize forecasts of energy prices from the AEQ2010 Reference case, Low Estimate, and High Estimate, respectively
** The CO, values represent global monetized values (in 2010%) of the social cost of CO, emissionsin 2010 under
several scenarios. Thevalues of $4.9, $22.3, and $36.5 per ton are the averages of SCC distributions cal cul ated
using 5-percent, 3-percent, and 2.5-percent discount rates, respectively. The value of $67.6 per ton representsthe
95" percentile of the SCC distribution calculated using a 3-percent discount rate. The value for NOy (in 20109$) is
the average of the low and high values used in DOE’ s analysis.

T Total Benefits for both the 3-percent and 7-percent cases are derived using the SCC value calculated at a 3-percent
discount rate, which is $22.3/ton in 2010 (in 2010%). In the rows labeled as “ 7% plus CO,range” and “3% plus CO,
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range,” the operating cost and NOy benefits are cal culated using the labeled discount rate, and those values are
added to thefull range of CO, values.

1.3 OVERVIEW OF ENERGY CONSERVATION STANDARDS FOR BATTERY
CHARGERS AND EXTERNAL POWER SUPPLIES

Title 111 of the Energy Policy and Conservation Act (EPCA) (42 U.S.C. 6291, et seq.) sets
forth avariety of provisions designed to improve energy efficiency. Part A of TitleIl1 (42 U.S.C.
6291-6309) establishes the “Energy Conservation Program for Consumer Products Other Than
Automobiles.” The consumer products subject to this program (referred to as “covered
products’) include battery chargers and EPSs. Section 135 of the Energy Policy Act of 2005
(EPACT 2005), Pub. L. 109-58, amended sections 321 and 325 of EPCA by inserting definitions
for battery chargers and EPSs and directing the Secretary of Energy to carry out three activities:
(1) edtablish test procedures, (2) hold a scoping workshop to discuss plans for developing energy
conservation standards, and (3) conduct a determination analysis for energy conservation
standards for battery chargers and EPSs. (42 U.S.C. 6295(u))

DOE complied with the first of these requirements by publishing the test procedure final
rule on December 8, 2006. 71 FR 71340, 71365-75. This rule included definitions and test
procedures for battery chargers and EPSs. DOE codified atest procedure for battery chargersin
Title 10 of the Code of Federal Regulations (CFR), Part 430, Subpart B, Appendix Y (“Uniform
Test Method for Measuring the Energy Consumption of Battery Chargers’) and atest procedure
for EPSsin 10 CFR Part 430, Subpart B, Appendix Z (“Uniform Test Method for Measuring the
Energy Consumption of External Power Supplies’).

Complying with the second requirement, DOE then published a NOPM and availability
of documentation for public review on December 29, 2006. 71 FR 78389. DOE made two
documents available on its website: “Plans for Developing Energy Conservation Standards for
Battery Chargers and External Power Supplies’ and “The Current and Future Market for Battery
Chargers and External Power Supplies.” The public meeting, called a* Scoping Workshop,” was
held at DOE’s Forrestal Building in Washington, DC, on January 24, 2007. As EPACT 2005
required, the workshop focused on DOE’s plans for developing energy conservation standards
for battery chargers and EPSs. Information pertaining to the scoping workshop is available on
DOE’s website at:
www.eere.energy.gov/buildings/appliance_standards/residential/battery external _det 2006.html.

Regarding the third requirement, the President signed into law the Energy I ndependence
and Security Act of 2007 (EISA 2007), Pub. L. 110-140, on December 19, 2007, amending
sections 321, 323, and 325 of EPCA. These amendments required significant changes to the
determination analysis DOE had been conducting. Sections 301, 309, and 310 of EISA 2007
made several changes to EPCA related to battery chargers and EPSs.


http://www.eere.energy.gov/buildings/appliance_standards/residential/battery_external_det_2006.html�

Section 301 of EISA 2007 amended section 321 of EPCA by modifying definitions
concerning EPSs. EPACT 2005 had amended EPCA to define an EPS as *an external power
supply circuit that is used to convert household electric current into DC current or lower-voltage
AC current to operate a consumer product.” h (42 U.S.C. 6291(36)(A)) Section 301 of EISA
2007 further amended this definition by creating a subset of EPSs called Class A EPSs. EISA
2007 defined this subset asthose EPSsthat, in addition to meeting several other requirements
common to all EPSs, are “able to convert to only 1 AC or DC output voltage at atime” and have
“nameplate output power that is less than or equal to 250 watts.”i (42 U.S.C. 6291(36)(C)(i))

Section 301 also amended EPCA to establish minimum standards for Class A EPSs,
which became effective on July 1, 2008 (42 U.S.C. 6295(u)(3)(A)), and directed DOE to publish
afinal rule by July 1, 2011, to determine whether to amend these standards. (42 U.S.C.
6295(u)(3)(D)) Section 301 further directed DOE to issue a final rule that prescribes energy
conservation standards for battery chargers or determine that no “standard is technically feasible
or economically justified.” (42 U.S.C. 6295(u)(1)(E)(i)(11))

In satisfaction of this requirement, DOE is bundling battery chargers and Class A EPSs
together in a single rulemaking proceeding to consider appropriate energy conservation standards
for these products. DOE published the “Notice of Public Meeting and Availability of Framework
Document for Battery Chargers and External Power Supplies’ on June 4, 2009. 74 FR 26816.
DOE then held a public meeting to receive comment on the framework document! on July 16,
2009 (hereafter referred to asthe framework document public meeting). The present preliminary
analysis represents the next stage in the rulemaking process.

Section 309 of EISA 2007 further amended section 325(u)(1)(E) of EPCA, instructing
DOE to issue no later than two years after EISA 2007's enactment afinal rule “that determines
whether energy conservation standards shall be issued for external power supplies or classes of
external power supplies.” (42 U.S.C. 6295(u)(1)(E)(i)(1)) However, as section 301 of EISA
simultaneously set standards for Class A EPSs, DOE interprets sections 301 and 309 jointly asa
requirement to determine, no later than December 19, 2009, whether additional energy
conservation standards shall be issued for EPSsthat are outside the scope of the current Class A
standards, e.g., multiple-voltage EPSs. DOE determined that sandards are warranted for non-
Class A EPSsin afinal rule published on May 14, 2010. 75 FR 27170. Standards for non-Class
A EPSs are thus being considered within the present rulemaking process.

" Theterms“AC” and “DC” refer to the polarity (i.e., direction) and amplitude of current and voltage associated
with eectrical power. For example, a household wall socket supplies alternating current (AC), which variesin
amplitude and reverses polarity. In contrast, a battery or solar cell supplies direct current (DC), which is constant in
both amplitude and polarity.

' EISA 2007 definesa Class A EPS as an EPS that converts AC line voltage to only 1 lower AC or DC output, is
intended to be used with a separate end-use product, isin a different enclosure from the end-use product, iswired to
the end-use product, and has rated output power that is less than 250 watts. (42 U.S.C. 6291(36)(C)(i))

J “Energy Conservation Standards Rulemaking for Battery Chargers and External Power Supplies.” May 2009.
Available at:

http://www1.eere.energy.gov/buildings/appliance standards/residential/pdfs/bceps frameworkdocument.pdf
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Finally, section 310 of EISA 2007 amended section 325 of EPCA to establish definitions
for active mode, standby mode, and off mode. (42 U.S.C. 6295(gg)(1)(A)) This section also
directed DOE to amend its existing test procedures by December 31, 2008, to measure the
energy consumed in standby mode and off mode for both battery chargers and EPSs. (42 U.S.C.
6295(gg)(2)(B)(i)) Further, it authorized DOE to amend, by rule, any of the definitions for
active, standby, and off mode. (42 U.S.C. 6295(gg)(2)(A)) The Department presented its
amendments during a public meeting on September 12, 2008 (hereafter referred to as the standby
and off mode test procedure public meeting) and published them in the Test Procedures for
Battery Chargers and External Power Supplies (Standby Mode and Off Mode) Final Rule on
March 27, 2009. 74 FR 13318.

1.4 PROCESSFOR SETTING ENERGY CONSERVATION STANDARDS

Under EPCA, when DOE studies new or amended standards, it must consider to the greatest
extent practicable the following seven factors:

1) the economic impact of the standard on the manufacturers and consumers of the
products subject to the standard;

2) the savings in operating costs throughout the estimated average life of the products
in the type (or class) compared to any increases in the price, initial charges, or
maintenance expense for the products that are likely to result from the imposition
of the standard;

3) thetotal projected amount of energy savings likely to result directly from the
imposition of the standard;

4) any lessening of the utility or the performance of the products likely to result from
the imposition of the standard;

5) theimpact of any lessening of competition, as determined in writing by the
Attorney General, that islikely to result from the imposition of the standard;

6) the need for national energy conservation; and

7) other factorsthe Secretary considersrelevant. (42 U.S.C. 6295(0)(2)(B)(i))

Other statutory requirements are set forth in 42 U.S.C. 6295(0)(2)-(2)(A), (2)(B)(ii)-(iii),
and (3)-(4).

DOE considers stakeholder participation to be avery important part of the process for
setting energy conservation standards. Through formal public notifications (i.e., Federal Register
notices), DOE actively encourages the participation and interaction of all stakeholders during the
comment period in each stage of the rulemaking. Beginning with the Framework Document and
during subsequent comment periods, interactions among stakeholders provide a balanced
discussion of the information that is required for the standards rulemaking.
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Before DOE determines whether or not to adopt a proposed energy conservation
standard, it must first solicit comments on the proposed standard. (42 U.S.C. 6313(8)(6)(B)(i))
Any new or amended standard must be designed to achieve significant additional conservation of
energy and be technologically feasible and economically justified. (42 U.S.C. 6313(a)(6)(A)) To
determine whether economic justification exists, DOE must review comments on the proposal
and determine that the benefits of the proposed standard exceed its burdens to the greatest extent
practicable, weighing the seven factors listed above. (42 U.S.C. 6295 (0)(2)(B)(i))

After the publication of the framework document, the energy conservation standards
rulemaking process involves three additional, formal public notices, which DOE publishes in the
Federal Register. The first of the rulemaking notices isa NOPM, which is designed to publicly
vet the models and tools used in the preliminary rulemaking and to facilitate public participation
before the NOPR stage. The second notice is the NOPR, which presents a discussion of
comments received in response to the NOPM and the preliminary analyses and analytical tools;
analyses of the impacts of potential amended energy conservation standards on consumers,
manufacturers, and the Nation; DOE’ s weighting of these impacts of amended energy
conservation standards; and the proposed energy conservation standards for each product. The
third notice is the final rule, which presents a discussion of the comments received in response to
the NOPR; the revised analyses; DOE’ s weighting of these impacts; the amended energy
conservation standards DOE is adopting for each product; and the effective dates of the amended
energy conservation standards.

In June 2009, DOE published a notice of public meeting and availability of the
framework document. 74 FR 26816 (June 4, 2009). The framework document, Energy
Conservation Standard Rulemaking Framework for Battery Chargers and External Power
Supplies, describes the procedural and analytical approaches DOE anticipated using to evaluate
the establishment of amended energy conservation standards for these products. This document
isavailable at:
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/bceps frameworkdo

cument. pdf

Subsequently, DOE held a public meeting on July 16, 2009, to discuss procedural and
analytical approaches to the rulemaking. In addition, DOE used the public meeting to inform and
facilitate involvement of interested parties in the rulemaking process. The analytical framework
presented at the public meeting described the different analyses, such as the engineering analysis
and the consumer economic analyses (i.e., the life-cycle cost (LCC) and payback period (PBB)
analyses), the methods proposed for conducting them, and the relationships among the various
analyses.

During the July 2009 public meeting, interested parties commented about numerous
issues relating to each one of the analyses listed in Table 1-4. Comments from interested parties
submitted during the framework document comment period elaborated on the issues raised
during the public meeting. DOE attempted to address these issues during its preliminary analyses
and summarized the comments and DOE’ s responses in chapter 2 of the preliminary TSD.
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Table 1-3 Analyses Under the Process Rule

Preliminary Analyses NOPR Final Rule
Market and technol ogy assessment Revised prdiminary analyses Revised analyses
Screening analysis Consumer sub-group analysis
Engineering analysis Manufacturer impact analysis
Energy use analysis Employment impact analysis
Markups analysis Utility impact analysis
Life-cycle cost and payback period Emissions Analysis
analysis
Shipments analysis M onetization of Emission
Reductions Benefits
National impact analysis Regulatory impact analysis
Preiminary manufacturer impact analysis

As part of the information gathering and sharing process, DOE organized and held
interviews with manufacturers of the battery chargers and external power supplies considered in
this rulemaking as part of the engineering analysis. DOE selected companies that represented
production of all types of products, ranging from small to large manufacturers, and included the
Association of Home Appliance Manufacturers (AHAM) member companies. DOE had four
objectives for these interviews: (1) solicit manufacturer feedback on the draft inputsto the
engineering analysis; (2) solicit feedback on topics related to the preliminary manufacturer
impact analysis; (3) provide an opportunity, early in the rulemaking process, to express
manufacturers concernsto DOE; and (4) foster cooperation between manufacturers and DOE.

DOE incorporated the information gathered during the engineering interviews with
manufacturersinto its engineering analysis (Chapter 5) and the preliminary manufacturer impact
analysis (Chapter 12). Following the publication of the preliminary analyses and the preliminary
public meeting, DOE held additional meetings with manufacturers as part of the consultative
process for the manufacturer impact analysis conducted during the NOPR phase of the
rulemaking.

DOE developed spreadsheets for the engineering, LCC, PBP, and national impact
analyses for each product. DOE developed an LCC spreadsheet that calculates the LCC and PBP
at various energy efficiency levels. DOE also developed a national impact analysis spreadsheet
that calculates the national energy savings (NES) and national net present values (NPVs) at
various energy efficiency levels. All of these spreadsheets are available on the DOE website for
battery chargers and external power supplies
(http://www1.eere.energy.gov/buildingsappliance _standards/residential/battery external _std 20
08.html).
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STRUCTURE OF THE DOCUMENT

This TSD describes the analytical approaches and data sources used in this rulemaking.
The TSD consists of the following chapters, and a number of appendices.

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Chapter 11

Introduction: provides an overview of the appliance and equipment
standards program and how it applies to the battery chargers and
external power supplies, and outlines the structure of the document.

Analytical Framework: describes the rulemaking process step by step
and summarizes the major components of DOE’s analysis.

Market and Technology Assessment: characterizes the battery chargers
and external power supplies market and the technologies available for
increasing equipment efficiency.

Screening Analysis. determines which technology options are viable for
consideration in the engineering analysis.

Engineering Analysis. discusses the methods used for developing the
relationship between increased manufacturer price and increased
efficiency.

Markups Analysis: discusses the methods used for establishing markups
for converting manufacturer prices to customer product prices.

Energy Use Analysis. discusses the process used for generating energy-
use estimates of battery chargers an external power supplies for avariety
of product classes, climate locations, and standard levels.

Life-Cycle Cost and Payback Period Analyses: discusses the economic
effects of standards on individual consumers of the products and
compares the LCC and PBP of products with and without higher
efficiency standards.

Shipments Analysis. discusses the methods used for forecasting
shipments with and without higher efficiency standards.

National Impact Analysis. discusses the methods used for forecasting
national energy consumption and national economic impacts based on
annual product shipments and estimates of future product efficiency
distributions in the absence and presence of higher efficiency standards.

Consumer Sub-Group Analysis: discusses the effects of standards on
subgroups of battery chargers and external power supplies customers
and compares the LCC and PBP of products with and without higher

efficiency standards for these customers.
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Chapter 12

Chapter 13

Chapter 14

Chapter 15

Chapter 16

Chapter 17

Appendix 3-A
Appendix 3-A

Appendix 3-C

Appendix 3-D
Appendix 5-A
Appendix 5-B
Appendix 5-C
Appendix 7-A
Appendix 8-A
Appendix 8-B
Appendix 8-C
Appendix 8-D
Appendix 9-A

Appendix 10-A

Manufacturer Impact Analysis: discusses the effects of standards on the
finances and profitability of product manufacturers.

Employment Impact Analysis. discusses the effects of standards on the
installed generation capacity of electric utilities.

Utility Impact Analysis: discusses the effects of standards on National
employment.

Emissions Analysis: discusses the effects of standards on air-borne
emissions of electric utilities.

Monetization of Emission Reductions Benefits: discusses the
monetization of reductions in CO, and NOx emissions.

Regulatory Impact Analysis: discusses the present regulatory actions as
well as the impact of non-regulatory alternatives to setting energy
efficiency standards.

BCEPS Applications
BCEPS Efficiency Programs

Evaluation Methods I dentifying External Power Suppliesthat can
Directly Power an Application

End-Use Application Product Class Assignments
EPS Test data

BC Test data

Bill of Materials

BCEPS Usage Profiles

User Instructions for LCC and PBP Spreadsheets
Supplementary LCC and PBP Results

End-Use Application Inputs for the LCC
Residential Discount Rate Distributions
Shipments Sensitivity Analysis

NES and NPV Under Alternative Scenarios
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Appendix 10-B NIA Sensitivity Analysis for Alternative Product Price Trend Scenarios
Appendix 12-A Manufacturer Impact Analysis Interview Guide

Appendix 12-B Industry Net Present Value Results for Price Elastic Shipment
Sensitivity Scenario

Appendix 12-C Government Regulatory Impact Model (GRIM) Overview

Appendix 12-D Industry Net Present Value Results for the Alternative California Base
Case Sensitivity Scenario

Appendix 16-A Social Cost of Carbon

Appendix 17-A Regulatory I mpact Analysis. Supporting Materials
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CHAPTER 2. ANALYTICAL FRAMEWORK

21 INTRODUCTION

Section 6295(0)(2)(A) of 42 United States Code (U.S.C.) requires the U.S. Department of
Energy (DOE) to set forth energy conservation standards that are technologically feasible and
economically justified, and would achieve the maximum improvement in energy efficiency. This
chapter provides a description of the general analytical framework that DOE uses in developing
such standards. The analytical framework is a description of the methodology, the analytical
tools, and relationships among the various analyses that are part of this rulemaking. For example,
the methodology that addresses the statutory requirement for economic justification includes
analyses of life-cycle cost (LCC), economic impact on manufacturers and users, national
benefits, impacts, if any, on utility companies, and impacts, if any, from lessening competition
among manufacturers.

Figure 2.1.1summarizes the stages and analytical components of the rulemaking process.
The focus of this figure is the center column, which lists the analyses that DOE conducts. The
figure shows how the analyses fit into the rulemaking process, and how they relate to each other.
Key inputs are the types of data and information that the analyses require. Some key inputs exist
in public databases; DOE collects other inputs from stakeholders or persons with special
knowledge. Key outputs are analytical results that feed directly into the standards-setting
process. Arrows connecting analyses show types of information that feed from one analysis to
another.
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The analyses performed prior to the notice of proposed rulemaking (NOPR) stage as part
of the preliminary analyses and described in the preliminary technical support document (TSD)
are listed below. These analyses were revised for the NOPR based in part on comments received,
and are reported in this NOPR TSD. The analyses will be revised once again for the final rule
based on any new comments or data received in response to the NOPR.

e A market and technology assessment to characterize the relevant product markets and
existing technology options, including prototype designs.

e A screening analysis to review each technology option and determine if it is
technologically feasible; is practical to manufacture, install, and service; would adversely
affect product utility or product availability; or would have adverse impacts on health and
safety.

e Anengineering analysis to develop cost-efficiency relationships that show the
manufacturer’s cost of achieving increased efficiency.

e Anenergy use analysis to determine the annual energy use in the field of the considered
products as a function of efficiency level.

e An LCC and payback period (PBP) analysis to calculate, at the consumer level, the
relationship between savings in operating costs compared to any increase in the installed
cost for products at higher efficiency levels.

e A shipments analysis to forecast product shipments, which then are used to calculate the
national impacts of standards and future manufacturer cash flows.

e A national impact analysis (NIA) to assess the impacts at the national level of potential
energy conservation standards for each of the considered products, as measured by the
net present value (NPV) of total consumer economic impacts and the national energy
savings (NES).

e A preliminary manufacturer impact analysis to assess the potential impacts of energy
conservation standards on manufacturers, such as impacts on capital conversion
expenditures, marketing costs, shipments, and research and development costs.

The additional analyses DOE performed for the NOPR stage of the rulemaking analysis
include those listed below. DOE further revises the analyses for the final rule based on comments
received in response to the NOPR.

e A consumer subgroup analysis to evaluate impacts of standards on particular consumer
sub-populations, such as low-income households.
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e A manufacturer impact analysis to estimate the financial impact of standards on
manufacturers and to calculate impacts on competition, employment, and manufacturing
capacity.

e Anemployment impact analysis to assess the indirect impacts of energy conservation
standards on national employment.

e A utility impact analysis to estimate the effects of energy conservation standards on
installed electricity generation capacity and electricity generation.

e Anemissions analysis to provide estimates of the effects of energy conservation
standards on emissions of carbon dioxide (CO,), nitrogen oxides (NOx), and mercury
(Hg) and to evaluate the monetary benefits likely to result from the reduced emissions of
CO; and NOy.

e A regulatory impact analysis to assess alternatives to energy conservation standards that
could achieve substantially the same regulatory goal.

22 BACKGROUND

DOE developed this analytical framework and documented it in the Energy Conservation
Standards Rulemaking Framework Document for Battery Chargers and External Power Supplies
(the framework document). DOE presented the analytical approach to interested parties during a
public meeting held on July 16, 2009. The framework document is available at
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/bceps_frameworkdo
cument.pdf. At the meeting and during the related comment period, DOE received many
comments that helped it identify and resolve issues involved in this rulemaking.

DOE then gathered additional information and performed preliminary analyses to help
develop the potential energy conservation standards for battery chargers (BCs) and external
power supplies (EPSs). This process culminated in DOE’s announcement of a preliminary
analysis public meeting to discuss and receive comments on the following matters: The product
classes DOE analyzed; the analytical framework, models, and tools that DOE was using to
evaluate standards; the results of the preliminary analyses performed by DOE; and potential
standard levels that DOE could consider. 75 FR 56021 (September 15, 2010). DOE also invited
written comments on these subjects and announced the availability on its website of a
preliminary technical support document (preliminary TSD) it had prepared to inform interested
parties and enable them to provide comments. Id. The preliminary TSD is available at
http://www1.eere.energy.gov/buildings/appliance_standards/residential/battery external_prelimi
naryanalysis_tsd.html.
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The preliminary analysis public meeting announced in the September 2010 notice took
place on October 13, 2010. At this meeting, DOE presented the methodologies and results of the
analyses set forth in the preliminary TSD. DOE also discussed plans for conducting the NOPR
analyses. The comments received since publication of the September 2010 notice, including
those received at the preliminary analysis public meeting, have contributed to DOE’s proposed
resolution of the issues in this rulemaking and the analysis conducted in support of the NOPR.

The following sections provide a general description of the different analytical
components of the rulemaking analytical plan. DOE has used the most reliable data available at
the time of each analysis in this rulemaking. DOE has also considered submissions of additional
data from interested parties during the rulemaking process.

2.3 MARKET AND TECHNOLOGY ASSESSMENT

When initiating a standards rulemaking, DOE develops information on the present and
past industry structure and market characteristics for the products concerned. This activity
assesses the industry and products both quantitatively and qualitatively based on publicly
available information and encompasses the following: (1) manufacturer market share and
characteristics, (2) existing regulatory and non-regulatory equipment efficiency improvement
initiatives, and (3) trends in product characteristics and retail markets. This information serves as
resource material throughout the rulemaking.

DOE reviewed existing literature and interviewed manufacturers to get an overall picture
of the industry serving the United States market. Industry publications and trade journals,
government agencies, trade organizations, and product literature provided the bulk of the
information, including: (1) manufacturers and their approximate market shares, (2) product
characteristics, and (3) industry trends. The appropriate sections of the NOPR describe the
analysis and resulting information leading up to the proposed trial standard levels, while
supporting documentation is provided in the TSD.

DOE categorizes covered products into separate product classes and formulates a
separate energy conservation standard for each product class. The criteria for separation into
different classes are type of energy used, capacity, and other performance-related features such
as those that provide utility to the consumer or others deemed appropriate by the Secretary that
would justify the establishment of a separate energy conservation standard. (42 U.S.C. 6295(q)
and 6316(a))

The market and technology assessment also addresses applicable test procedures. DOE
initiated a test procedure rulemaking for BCs and EPSs and published a test procedure final rule
onJune 1, 2011. 76 FR 31750. These test procedures are discussed in chapter 3 of the TSD.



As part of the market and technology assessment, DOE developed a list of technologies
for consideration for improving the efficiency of BCs and EPSs. DOE typically uses information
about existing and past technology options and prototype designs to determine which
technologies manufacturers use to attain higher performance levels. In consultation with
interested parties, DOE develops a list of technologies for consideration. Initially, these
technologies encompass all those DOE believes are technologically feasible.

DOE developed its list of technologically feasible design options for BCs and EPSs from
trade publications, technical papers, research conducted in support of previous rulemakings
concerning these products, and through consultation with manufacturers of components and
systems. Since many options for improving product efficiency are available in existing products,
product literature and direct examination provided additional information. Chapter 3 of the TSD
includes the detailed list of all technology options identified.

24  SCREENING ANALYSIS

After DOE identified the technologies that could potentially improve the energy
efficiency of BCs and EPSs, DOE conducted the screening analysis. The purpose of the
screening analysis is to evaluate these technologies to determine which options to consider
further and which options to screen out.

The screening analysis examines whether various technologies (1) are technologically
feasible; (2) are practicable to manufacture, install, and service; (3) have an adverse impact on
product utility or availability; and (4) have adverse impacts on health and safety. In consultation
with interested parties, DOE reviews the list to determine if the technologies described in chapter
3 of the TSD are practicable to manufacture, install, and service; would adversely affect product
utility or availability; or would have adverse impacts on health and safety. In the engineering
analysis, DOE further considers the efficiency enhancement options (i.e., technologies) that it did
not screen out in the screening analysis. Chapter 4 of the TSD contains further detail on the
criteria that DOE uses.

25 ENGINEERING ANALYSIS

The engineering analysis establishes the relationship between the manufacturing
production cost and the efficiency of BCs and EPSs. This relationship serves as the basis for
cost/benefit calculations in terms of individual consumers, manufacturers, and the Nation.
Chapter 5 discusses product classes DOE analyzed, the representative baseline units, the
efficiency levels analyzed, the methodology DOE used to develop the manufacturing production
costs, and the cost-efficiency curves.



In the engineering analysis, DOE evaluates a range of product efficiency levels and their
associated manufacturing costs. The purpose of the analysis is to estimate the incremental
manufacturer selling prices (MSPs) for a product that would result from increasing efficiency
levels above the level of the baseline model in each product class. The engineering analysis
considers technologies not eliminated in the screening analysis. The LCC analysis and NIA use
the cost-efficiency relationships developed in the engineering analysis.

DOE typically structures its engineering analysis around one of three methodologies: (1)
the design-option approach, which calculates the incremental costs of adding specific design
options to a baseline model; (2) the efficiency-level approach, which calculates the relative costs
of achieving increases in energy efficiency levels without regard to the particular design options
used to achieve such increases; and/or (3) the reverse-engineering or cost-assessment approach,
which involves a “bottom-up” manufacturing cost assessment based on a detailed bill of
materials derived from teardowns of the product being analyzed.

For the NOPR analysis, DOE primarily used the reverse-engineering or cost-assessment
approach to develop its relationships for cost and efficiency for EPSs and BCs. DOE developed a
manufacturing cost model for BCs and EPSs based on reverse engineering of purchased
products. DOE estimated costs for these efficiency improvements based on the manufacturing
cost model, information from component vendors, and information obtained through discussions
with manufacturers. Chapter 5 of the TSD describes the methodology that DOE used to perform
the efficiency level analysis and derive the cost-efficiency relationship.

26 MARKUPSTO DETERMINE PRODUCT PRICE

DOE uses markups to convert the manufacturer selling prices estimated in the
engineering analysis to consumer prices, which then were used in the LCC, PBP, national
impact, and manufacturer impact analyses. DOE calculates a separate markup for the baseline
component of a product’s cost (baseline markup) and for the incremental increase in cost due to
standards (incremental markup).

To develop markups, DOE identifies how the products are distributed from the
manufacturer to the customer. After establishing appropriate distribution channels, DOE used
data from the financial filings of manufacturers and distributors and other sources to determine
how prices are marked up as the products pass from the manufacturer to the end consumer. See
chapter 6 of the TSD for details on the development of markups.

2.7 ENERGY USE ANALYSIS

The energy use analysis, which assesses the energy savings potential from higher
efficiency levels, provides the basis for the energy savings values used in the LCC and
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subsequent analyses. The goal of the energy use analysis is to generate a range of energy use
values that reflects actual product use in American homes. The analysis uses information on use
of actual products in the field to estimate the energy that would be used by new products at
various efficiency levels. Chapter 7 of the TSD provides more detail about DOE’s approach for
characterizing energy use of BCs and EPSs.

28 LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSES

New or amended energy conservation standards affect products’ operating expenses—
usually decreasing them—and consumer prices for the products—usually increasing them. DOE
analyzed the net effect of standards on consumers by evaluating the net change in LCC. To
evaluate the net change in LCC, DOE used the cost-efficiency relationship derived in the
engineering analysis along with the energy costs derived from the energy use analysis. Inputs to
the LCC calculation include the installed cost of a product to the consumer (consumer purchase
price plus installation cost), operating expenses (energy expenses and maintenance costs), the
lifetime of the unit, and a discount rate. These inputs are described in detail in chapter 8 of the
TSD.

Because the installed cost of a product typically increases while operating cost typically
decreases in response to new standards, there is a time in the life of products having higher-than-
baseline efficiency when the operating-cost benefit (in dollars) since the time of purchase is
equal to the incremental first cost of purchasing the higher-efficiency product. The length of time
required for products to reach this cost-equivalence point is known as the payback period (PBP).

Recognizing that several inputs used to determine consumer LCC and PBP are either
variable or uncertain, DOE conducted the LCC and PBP analyses by modeling both the
uncertainty and variability in the inputs using Monte Carlo simulation and probability
distributions. DOE developed an LCC and PBP spreadsheet model that incorporates both Monte
Carlo simulation and probability distributions by using Microsoft Excel spreadsheets combined
with Crystal Ball, a commercially available add-in program.

For BCs and EPSs, it was necessary to determine the input values for a wide array of end-
use applications that are powered by BCs or EPSs. There are typically multiple applications
associated with each representative unit and product class that DOE analyzed. As such, DOE
considered a wide array of input values for each unit analyzed. The lifetime, markups,
maintenance costs, base case market efficiency distribution, and unit energy consumption all
vary based on the application. DOE also determined input values that vary across the population
of consumers, but not across the specific applications. These include electricity prices, discount
rates, and sales tax. Lastly, DOE assumed that installation costs were zero for all BCs and EPSs.
Further detail on these inputs and the LCC calculation can be found in chapter 8 of the TSD.



Because BCs and EPSs are used in both residential and commercial settings, DOE used
separate discount rates for residential and commercial consumers. For residential consumers,
DOE developed discount rates from estimates of the interest rate or “finance cost” to purchase
and operate residential products. Following accepted principles of financial theory, the finance
cost of raising funds to purchase such products can be interpreted as: (1) the financial cost of any
debt incurred to purchase and operate products, principally interest charges on debt; or (2) the
opportunity cost of any equity used to purchase products, principally interest earnings on
household equity. Household equity is represented by holdings in assets such as stocks and
bonds, as well as the return on homeowner equity. DOE obtained much of the data required to
determine the cost of debt and equity from the Federal Reserve Board’s triennial Survey of
Consumer Finances.

For commercial customers, DOE developed discount rates by estimating the cost of
capital to companies that purchase BCs or EPSs. The cost of capital is commonly used to
estimate the present value of cash flows to be derived from a typical company project or
investment. Most companies use both debt and equity capital to fund investments, so the cost of
capital is the weighted-average cost of equity and debt financing. This corporate finance
approach is referred to as the weighted-average cost of capital (WACC).

The LCC and PBP analyses are described in more detail in chapter 8 of the TSD.

29 SHIPMENTSANALYSIS

Forecasts of product shipments are needed to calculate the potential effects of standards
on national energy use, NPV, and future manufacturer cash flows. DOE generated both
shipments and efficiency forecasts for each product class. The shipments forecast calculates the
total number of BCs and EPSs shipped each year over a 30 year period, beginning in 2013 and
ending in 2042. To create this forecast, DOE combined current year shipments, discussed in the
market assessment (chapter 3), with a compound annual growth rate for BCs and EPSs and
generated unit shipment values through the analysis period. The efficiency forecast shows the
distribution of shipments of BCs and EPSs by candidate standard level (CSL), which determines
the percentage of shipments affected by a standard. To develop its efficiency forecast, DOE first
assessed present-day (2009) efficiency and then considered how the efficiency of new units
might change by the first year of the analysis period (2013) and throughout the analysis period in
the absence of new or amended Federal standards.

Chapter 9 of the TSD provides additional details on the shipments analysis.
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2.10 NATIONAL IMPACT ANALYSIS

The national impact analysis estimates energy savings and assesses the NPV of consumer
LCC savings at the national scale. The results can be used to identify the CSL that, for a given
product class, yields the greatest energy savings while remaining cost effective from a consumer
perspective. DOE estimated both NES and NPV for all candidate standard levels for each BC
and EPS product class. To make the analysis more accessible and transparent to all interested
parties, it is documented in a Microsoft Excel spreadsheet model that can be downloaded from
the EERE website.

The NIA considers total installed cost (which includes manufacturer selling prices,
distribution chain markups, sales taxes, and installation costs), operating expenses (energy,
repair, and maintenance costs), product lifetime, and discount rate. However, where the LCC
considers the savings and costs associated with standards for a set of representative units, the
NIA considers the savings and costs associated with all units affected by standards during the
entire analysis period. Chapter 10 provides additional details regarding the NIA.

2.10.1 National Energy Savings Analysis

The major inputs for determining the NES for each product analyzed are annual unit
energy consumption, shipments, lifetimes, and site-to-source conversion factors. DOE calculated
national energy consumption for each year by multiplying unit energy consumption by the
number of units in the installed base in that year. NES for a given year, then, is the difference in
national energy consumption between the base case (without new efficiency standards) and each
standards case. DOE estimated energy consumption and savings first in terms of site energy and
then converted the savings into source energy. Cumulative energy savings are the sum of the
NES estimates for each year.

2.10.2 Net Present Value Analysis

The inputs for determining net present value (NPV) of consumer benefits are: (1) total
annual installed cost; (2) total annual savings in operating costs; (3) a discount factor; (4) present
value of costs; and (5) present value of savings. DOE calculated net savings each year as the
difference between the base case and each standards case in total savings in operating costs and
total increases in installed costs. DOE calculated savings over the life of each product,
accounting for differences in yearly electricity rates. DOE calculated NPV as the difference
between the present value of operating cost savings and the present value of total installed costs.
DOE used a discount factor based on real discount rates of 3% and 7% to discount future costs
and savings to present values.

DOE calculated increases in total installed costs as the difference in total installed cost
between the base case and standards case (i.e., once the standards take effect). Because the more
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efficient products bought in the standards case usually cost more than products bought in the
base case, cost increases appear as negative values in the NPV.

DOE expressed savings in operating costs as decreases associated with the lower energy
consumption of products bought in the standards case compared to the base case. Total savings
in operating costs are the product of savings per unit and the number of units of each vintage that
survive in a given year.

2.11 CONSUMER SUBGROUP ANALYSIS

The consumer subgroup analysis evaluates economic impacts on selected groups of
consumers who might be adversely affected by a change in the national energy conservation
standards for the considered products. DOE performed LCC subgroup analyses for low-income
consumers, small businesses, top-tier marginal electricity price consumers, and consumers of
specific applications. DOE evaluated the potential LCC impacts and PBPs for these consumers
using the LCC spreadsheet model. Chapter 11 of the TSD provides more detail.

2.12 MANUFACTURER IMPACT ANALYSIS

DOE performed a manufacturer impact analysis (MIA) to estimate the financial impact of
energy conservation standards on manufacturers of BCs and EPSs, and to calculate the impact of
such standards on employment and manufacturing capacity. The MIA has both quantitative and
qualitative aspects. The quantitative part of the MIA relies on the government regulatory impact
model (GRIM), an industry-cash-flow model customized for this rulemaking. The GRIM inputs
are information regarding the industry cost structure, shipments, and revenues. This includes
information from many of the analyses described above, such as manufacturing costs and prices
from the engineering analysis and shipments forecasts. The key GRIM output is the industry net
present value (INPV). Different sets of assumptions (scenarios) will produce different results.
The qualitative part of the MIA addresses factors such as product characteristics, characteristics
of particular firms, and market and product trends, and includes assessment of the impacts of
standards on subgroups of manufacturers. The complete MIA is described in chapter 12 of the
TSD.

DOE conducted each MIA in this rulemaking in three phases. In Phase I, DOE created an
industry profile to characterize the industry and identify important issues that require
consideration. In Phase Il, DOE prepared an industry cash-flow model and an interview
guestionnaire to guide subsequent discussions. In Phase 111, DOE interviewed manufacturers and
assessed the impacts of standards both quantitatively and qualitatively. DOE assessed industry
and subgroup cash flow and NPV using the GRIM. DOE then assessed impacts on competition,
manufacturing capacity, employment, and regulatory burden based on manufacturer interview
feedback and discussions.
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2.13 EMPLOYMENT IMPACT ANALYSIS

The imposition of standards can affect employment both directly and indirectly. Direct
employment impacts are changes, produced by new standards, in the number of employees at
plants that produce the covered products. DOE evaluated direct employment impacts in the
manufacturer impact analysis. Indirect employment impacts that occur because of the imposition
of standards may result from consumers shifting expenditures between goods (the substitution
effect) and from changes in income and overall expenditure levels (the income effect). DOE
utilizes Pacific Northwest National Laboratory’s IMSET model to investigate the combined
direct and indirect employment impacts. The ImMSET model, which was developed for DOE’s
Office of Planning, Budget, and Analysis, estimates the employment and income effects energy-
saving technologies produced in buildings, industry, and transportation. In comparison with
simple economic multiplier approaches, ImSET allows for more complete and automated
analysis of the economic impacts of energy conservation investments. Further detail is provided
in chapter 13 of the TSD.

2.14 UTILITY IMPACT ANALYSIS

The utility impact analysis includes an analysis of selected effects of new energy
conservation standards on the electric and the gas utility industries. For this analysis, DOE
adapted National Energy Modeling System (NEMS), a large multi-sectoral, partial-equilibrium
model of the U.S. energy sector that the EIA developed throughout the past decade primarily for
preparing EIA’s AEO. In previous rulemakings, a variant of NEMS (currently termed NEMS-
BT, BT referring to DOE’s Building Technologies Program) was developed to address the
specific impacts of an energy conservation standard.

Available in the public domain, NEMS produces a widely recognized baseline energy
forecast for the United States through 2030. The typical NEMS outputs include forecasts of
electricity sales, prices, and electric generating capacity. DOE conducts the utility impact
analysis as a scenario that departs from the latest AEO reference case. In other words, the energy
savings impacts from energy conservation standards are modeled using NEMS-BT to generate
forecasts that deviate from the AEO reference case.

As part of the utility impact analysis, DOE analyzed the potential impact on electricity
prices resulting from standards on BCs and EPSs and the associated benefits for all electricity
users in all sectors of the economy. Further detail is provided in chapter 14 of the TSD.

2.15 EMISSIONSANALYSIS

In the emissions analysis, DOE estimated the reduction in power sector emissions of
carbon dioxide (COy), nitrogen oxides (NOx), and mercury (Hg) using the NEMS-BT computer
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model. In the emissions analysis, NEMS-BT is run similarly to the AEO NEMS, except that
battery chargers and external power supplies energy use is reduced by the amount of energy
saved (by fuel type) due to each considered standard level. The inputs of national energy savings
come from the NIA spreadsheet model, while the output is the forecasted physical emissions.
The net benefit of each considered standard level is the difference between the forecasted
emissions estimated by NEMS-BT at that level and the AEO 2010 Reference Case.

2.15.1 Carbon Dioxide

In the absence of any Federal emissions control regulation of power plant emissions of
CO,, a DOE standard is likely to result in reductions of these emissions. The CO, emission
reductions likely to result from a standard will be estimated using NEMS-BT and national energy
savings estimates drawn from the NIA spreadsheet model. The net benefit of the standard is the
difference between emissions estimated by NEMS-BT at each standard level considered and the
AEO Reference Case. NEMS-BT tracks CO, emissions using a detailed module that provides
results with broad coverage of all sectors and inclusion of interactive effects.

2.15.2 Sulfur Dioxide

SO, emissions from affected electric generating units (EGUS) are subject to nationwide
and regional emissions cap and trading programs, and DOE has preliminarily determined that
these programs create uncertainty about the potential standards’ impact on SO, emissions. Title
IV of the Clean Air Act sets an annual emissions cap on SO, for affected EGUs in the 48
contiguous states and the District of Columbia (D.C.). SO, emissions from 28 eastern states and
D.C. were also limited under the Clean Air Interstate Rule (CAIR, 70 Fed. Reg. 25162 (May 12,
2005)), which created an allowance-based trading program. Although CAIR has been remanded
to EPA by the U.S. Court of Appeals for the District of Columbia Circuit (D.C. Circuit), see
North Carolina v. EPA, 550 F.3d 1176 (D.C. Cir. 2008), it remained in effect temporarily,
consistent with the D.C. Circuit’s earlier opinion in North Carolina v. EPA, 531 F.3d 896 (D.C.
Cir. 2008). On July 6, 2011 EPA issued a replacement for CAIR, the Cross-State Air Pollution
Rule. 76 FR 48208 (August 8, 2011). (See http://www.epa.gov/crossstaterule/). On December
30, 2011, however, the D.C. Circuit stayed the new rules while a panel of judges reviews them,
and told EPA to continue enforcing CAIR (see EME Homer City Generation v. EPA, No. 11-
1302, Order at *2 (D.C. Cir. Dec. 30, 2011)).

The attainment of emissions caps is typically flexible among EGUs and is enforced
through the use of emissions allowances and tradable permits. Under existing EPA regulations,
any excess SO, emissions allowances resulting from the lower electricity demand caused by the
imposition of an efficiency standard could be used to permit offsetting increases in SO,
emissions by any regulated EGU. However, if the standard resulted in a permanent increase in
the quantity of unused emissions allowances, there would be an overall reduction in SO,
emissions from the standards. While there remains some uncertainty about the ultimate effects of
efficiency standards on SO, emissions covered by the existing cap and trade system, the NEMS-

2-13


http://www.epa.gov/crossstaterule/�

BT modeling system that DOE uses to forecast emissions reductions currently indicates that no
physical reductions in power sector emissions would occur for SO,

2.15.3 Nitrogen Oxides

Under CAIR, there is a cap on NOx emissions in 28 eastern states and the District of
Columbia. All these States and D.C. have elected to reduce their NOx emissions by participating
in cap-and-trade programs for EGUs. Therefore, energy conservation standards for battery
chargers and external power supplies may have little or no physical effect on these emissions in
the 28 eastern states and the D.C. for the same reasons that they may have little or no physical
effect on NOx emissions. DOE is using the NEMS-BT to estimate NOx emissions reductions
from possible standards in the States where emissions are not capped.

2.15.4 Mercury

In the absence of caps, a DOE energy conservation standard could reduce Hg emissions
and DOE used NEMS-BT to estimate these emission reductions. Although at present there are
no national, Federally binding regulations for mercury from EGUs, on March 16, 2011, EPA
proposed national emissions standards for hazardous air pollutants (NESHAPS) for mercury and
certain other pollutants emitted from coal and oil-fired EGUs.
(http://epa.gov/mats/pdfs/20111216 MAT Sfinal.pdf) The NESHAPs do not include a trading
program and, as such, DOE’s energy conservation standards would likely reduce Hg emissions.
For the emissions analysis for this rulemaking, DOE estimated mercury emissions reductions
using NEMS-BT based on AEO2010, which does not incorporate the NESHAPs. DOE expects
that future versions of the NEMS-BT model will reflect the implementation of the NESHAPs.

2.155 Particulate M atter

DOE acknowledges that particulate matter (PM) exposure can impact human health.
Power plant emissions can have either direct or indirect impacts on PM. A portion of the
pollutants emitted by a power plant are in the form of particulates as they leave the smoke stack.
These are direct, or primary, PM emissions. However, the great majority of PM emissions
associated with power plants are in the form of secondary sulfates, which are produced at a
significant distance from power plants by complex atmospheric chemical reactions that often
involve the gaseous (non-particulate) emissions of power plants, mainly SO, and NOx. The
quantity of the secondary sulfates produced is determined by a very complex set of factors
including the atmospheric quantities of SO, and NOx, and other atmospheric constituents and
conditions. Because these highly complex chemical reactions produce PM comprised of different
constituents from different sources, EPA does not distinguish direct PM emissions from power
plants from the secondary sulfate particulates in its ambient air quality requirements, PM
monitoring of ambient air quality, or PM emissions inventories. For these reasons, it is not
currently possible to determine how the standards would impact either direct or indirect PM
emissions. Therefore, DOE is not planning to assess the impact of these standards on PM

2-14


http://epa.gov/mats/pdfs/20111216MATSfinal.pdf�

emissions. Further, as described previously, it is uncertain whether efficiency standards will
result in a net decrease in power plant emissions of SO,, which are now largely regulated by cap
and trade systems.

2.16 MONETIZATION OF EMISSIONS REDUCTIONS

DOE plans to consider the estimated monetary benefits likely to result from the reduced
emissions of CO, and NOx that are expected to result from each of the standard levels
considered.

In order to estimate the monetary value of benefits resulting from reduced emissions of
CO; emissions, DOE used in its analysis the most current Social Cost of Carbon (SCC) values
developed and/or agreed to by interagency reviews. The SCC is intended to be a monetary
measure of the incremental damage resulting from greenhouse gas (GHG) emissions, including,
but not limited to, net agricultural productivity loss, human health effects, property damage from
sea level rise, and changes in ecosystem services. Any effort to quantify and to monetize the
harms associated with climate change will raise serious questions of science, economics, and
ethics. But with full regard for the limits of both quantification and monetization, the SCC can be
used to provide estimates of the social benefits of reductions in GHG emissions.

At the time of this notice, the most recent interagency estimates of the potential global
benefits resulting from reduced CO; emissions in 2010 were $4.7, $21.4, $35.1, and $64.9 per
metric ton in 2007 dollars. These values are then adjusted to 2010$ using the appropriate
standard GDP deflator values. For emissions reductions that occur in later years, these values
grow in real terms over time. Additionally, the interagency group determined that a range of
values from 7 percent to 23 percent should be used to adjust the global SCC to calculate
domestic effects, although DOE will give preference to consideration of the global benefits of
reducing CO, emissions. See appendix 16A of this TSD for the full range of annual SCC
estimates from 2010 to 2050. To calculate a present value of the stream of monetary values,
DOE discounted the values in each of the four cases using the discount rates that had been used
to obtain the SCC values in each case.

DOE recognizes that scientific and economic knowledge continues to evolve rapidly as to
the contribution of CO, and other GHG to changes in the future global climate and the potential
resulting damages to the world economy. Thus, these values are subject to change.

DOE also estimates the potential monetary benefit of reduced NOx emissions resulting
from the standard levels it considers. For NOx emissions, available estimates suggest a very wide
range of monetary values for NOx emissions, ranging from $370 per ton to $3,800 per ton of
NOx from stationary sources, measured in 2001$ (equivalent to a range of $450 to $4,623 per
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ton in 2010$).% In accordance with U.S. Office of Management and Budget (OMB) guidance,
DOE will conduct two calculations of the monetary benefits derived using each of the economic
values used for NOy, one using a real discount rate of 3 percent and another using a real discount
rate of 7 percent.”

DOE did not monetize estimates of Hg reduction in this rulemaking. DOE is aware of
multiple agency efforts to determine the appropriate range of values used in evaluating the
potential economic benefits of reduced Hg emissions. DOE has decided to await further guidance
regarding consistent valuation and reporting of Hg emissions before it once again monetizes Hg
in its rulemakings. Further detail is provided in chapter16 of the TSD.

2.17 REGULATORY IMPACT ANALYSIS

In the NOPR stage, DOE prepared a regulatory impact analysis (RIA) pursuant to
Executive Order 12866, Regulatory Planning and Review, 58 FR 51735, October 4, 1993, which
IS subject to review by the Office of Information and Regulatory Affairs at the Office of
Management and Budget. The RIA addresses the potential for non-regulatory approaches to
supplant or augment energy conservation standards in order to improve the energy efficiency or
reduce the energy consumption of the products covered under this rulemaking.

DOE recognizes that voluntary or other non-regulatory efforts by manufacturers, utilities,
and other interested parties can substantially affect energy efficiency or reduce energy
consumption. DOE bases its assessment on the actual impacts of any such initiatives to date, but
also considers information presented by interested parties regarding the impacts existing
initiatives might have in the future. Further detail is provided in chapter 17 of the TSD.

® For additional information, refer to U.S. Office of Management and Budget, Office of Information and Regulatory
Affairs, 2006 Report to Congress on the Costs and Benefits of Federal Regulations and Unfunded Mandates on
State, Local, and Tribal Entities, Washington, DC.
b OMB, Circular A-4: Regulatory Analysis (Sept. 17, 2003).
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CHAPTER 3. MARKET AND TECHNOLOGY ASSESSMENT

3.1 DEFINITIONS

All battery chargers and external power supplies, as defined below, are covered products
and are within the scope of DOE's rulemaking activities.

3.1.1 Current Definitions

The definitions in this section were created by public laws passed by Congress and can be
found in the United States Code.

Theterm "battery charger" means a device that charges batteries for consumer products,
including battery chargers embedded in other consumer products. (42 U.S.C. 6291(32))

The term "external power supply" means an external power supply circuit that is used to
convert household electric current into DC current or lower-voltage AC current to operate a
consumer product. (42 U.S.C. 6291(36)(A))

In general.— Theterm " class A external power supply" means a device that—
|. isdesigned to convert line voltage AC input into lower voltage AC or DC outpuit;
1. isableto convert to only 1 AC or DC output voltage at atime;
[11.  issold with, or intended to be used with, a separate end-use product that constitutes
the primary load,;
IV. iscontained in a separate physical enclosure from the end-use product;
V. isconnected to the end-use product via aremovable or hard-wired male/female
electrical connection, cable, cord, or other wiring; and
V1.  hasnameplate output power that is less than or equal to 250 watts.
Exclusions.— The term "class A external power supply" does not include any device that—
I.  requires Federal Food and Drug Administration listing and approval as a medical
device in accordance with section 360c of title 21; or
Il. powersthe charger of adetachable battery pack or charges the battery of a product
that is fully or primarily motor operated. (42 U.S.C. 6291(36)(C))

The term "detachable battery" means a battery that is—
A. contained in a separate enclosure from the product; and
B. intended to be removed or disconnected from the product for recharging. (42 U.S.C.
6291(52))

The term "consumer product” means any article (other than an automobile, as defined in
section 32901 (a)(3) of title 49) of atype—
A. which in operation consumes, or is designed to consume, energy or water with respect to
showerheads, faucets, water closets, and urinals; and



B. which, to any significant extent, is distributed in commerce for personal use or
consumption by individuals;
without regard to whether such article of such type isin fact distributed in commerce for
personal use or consumption by an individual, except that such term includes fluorescent lamp
ballasts, general service fluorescent lamps, incandescent reflector lamps, showerheads, faucets,
water closets, and urinals distributed in commerce for personal or commercial use or
consumption. (42 U.S.C. 6291(1))

Except as provided in 49 U.S.C. 32908, "automobile" means a 4-wheeled vehicle that is
propelled by fuel, or by alternative fuel®, manufactured primarily for use on public streets, roads,
and highways and rated at less than 10,000 pounds gross vehicle weight, except—

A. avehicle operated only on arail line;

B. avehicle manufactured in different stages by 2 or more manufacturers, if no intermediate
or final-stage manufacturer of that vehicle manufactures more than 10,000 multi-stage
vehicles per year; or

C. awork truck. (49 U.S.C. 32901(a)(3))

3.1.2 Proposed Definitions

DOE proposesto add the definitions in this section to section 430.2 of Title 10 of the
Code of Federal Regulations.

" AC-AC external power supply" means an external power supply that is used to convert
household electric current into a single lower-voltage AC current.

"AC-DC external power supply” means an external power supply that is used to convert
household electric current into asingle DC current.

"Basic voltage external power supply" means an external power supply that is not alow
voltage power supply.

"Direct operation external power supply" means an external power supply that can operate a
consumer product that is not a battery charger without the assistance of a battery.

"Indirect operation external power supply” means an external power supply that is not a
direct operation external power supply.

"L ow voltage external power supply" means an external power supply with a nameplate output
voltage is less than 6 volts and nameplate output current greater than or equal to 550 milliamps.

"Multiple voltage external power supply” means an external power supply that is used to
convert household electric current into multiple simultaneous output currents.

& Theterm “alternative fuel” includes eectricity. (49 U.S.C. 32901(a)(1)(J))
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32 MARKET ASSESSMENT

3.2.1 Applicationsthat Use BCsand EPSs

To characterize the market for BCs and EPSs, DOE gathered information on the products
that use them. DOE refers to these products as end-use consumer products or BC and EPS
“applications.” This method was chosen for two reasons. First, the demand for applications
drives the demand for BCs and EPSs because BCs and EPSs are nearly always integrated into,
bundled with, or otherwise intended to be used with a given application. Second, because most
BCs and EPSs are not stand-alone products, their usage profiles, energy consumption, and power
requirements are all determined by the associated application. Therefore, to develop reliable
estimates of the real-world unit energy consumption of aBC or EPS, it is necessary to examine
the application.

To best characterize the markets for BCs and EPSs, DOE analyzed online and brick-and-
mortar retail outlets to determine which applications use BCs and EPSs and which BC and EPS
technologies are most prevalent. DOE focused its search on those applications likely to have the
greatest significance in the standards analyses (based on shipments, lifetimes, and energy use).
The survey consisted of the following steps:

1. ldentified all applications that use BCs and Class A EPSs

2. Visited websites and retail outlets to identify popular models and document BC and EPS
characteristics.

3. Estimated annual shipments, lifetimes, and energy consumption for those applications.

DOE then used this survey to select representative units and common BCs and EPSs to
be tested. This process is described in chapter 5. The results of this product survey are presented
in the Excel file BCEPS_Master_Survey.xls.

DOE has identified four major trends that can affect shipments of BCs and EPSs over
time. These trends are all related to the consumer products powered by BCs and EPSs.

e Demand for Consumer Product Applications refers to the changes in preferences,
level of affluence, and population size that affect the demand for existing consumer
product applications that use BCs or EPSs.

e Convergence means the application that uses an EPS is made redundant by another
application. For example, mobile telephones increasingly incorporate the features of
personal digital assistants (PDAS), digital cameras, portable media players, and
portable navigation devices. As aresult of convergence, some consumers may now
have fewer devices than in the past, thus reducing the demand for BCs or EPSs.

e Emergence refersto the creation of new consumer product application categories—a
critical factor, given the rapid pace of change in the consumer electronics market.

3-3



e Substitution means a shift between methods for supplying power to consumer
products—internal power supplies, external power supplies, primary batteries,
rechargeable batteries, Universal Serial Bus (USB) systems, and others.

DOE identified approximately eighty applications that use BCs and EPSs. Although there
are certainly some BC and EPS applications that DOE did not consider, DOE believes it has
captured the mgjority of BC and EPS shipments for use with consumer products. Because DOE’s
scope does not include BCs and EPSs used only in a commercial setting, DOE did not estimate
shipments of BCs and EPSs used exclusively with commercial products. DOE did, however,
estimate the percentage of shipments of certain consumer products that are used in acommercial
setting. For example, notebook computers are frequently purchased by consumers for use in the
home, but they are also widely used in office buildings and other commercial environments. In
the following sections, the base year (2009) commercial and residential shipments of all
applications analyzed are presented.

For ease of exposition, DOE grouped applications into nine categories. A categorized list
of applications is shown in Appendix 3A. For each category, the market assessment examines
major applications, shipments, lifetimes, and BC and EPS technical characteristics. Trends and
factorsthat may affect future shipments of BCs and EPSs are also discussed. Generally,
characteristics about the batteries, BCs, and EPSs used with each application were derived from
an extensive survey of products available at online retailers and in stores. DOE surveyed nearly
1,000 productsto gather specific BC and EPS data (such as output voltage). The details of the
survey can be found in the Excel file BCEPS Master_Survey.xls.

3.2.1.1 Audio

The audio equipment category includes both niche applications, such as guitar effects
pedals, and very common applications such as MP3 players. This category does not include
computer speakers. DOE estimates total shipments were 69 million in 2009. The most numerous
units include MP3 players, MP3 speaker docks, and clock radios, with shipments of
approximately 65 million units in 2009.! DOE estimates that 21 percent of these units use an
EPS and 65 percent use a BC. The prevalence of BC- or EPS-powered musical instruments and
component audio equipment is low; DOE did not find any guitar effects pedals or electric
keyboards that ship with BCs, and it estimated EPS shipmentsto be approximately 1.6 million.
DOE examined amateur radios as part of its determination for non-Class A EPSs. DOE estimated
annual shipments of 3,000 high power EPSs for amateur radios. These EPSstypically have
nameplate output powers of 345 watts. 74 FR 56928.
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Portable media players such as MP3 players constitute the magjority of shipmentsin the
audio category; 40.1 million units were shipped in 2009, all of which employed a BC. While
shipments are high, CEA noted a 16.5 percent drop in shipments between 2007 and 2009. They
attribute this decline to convergence with smart phones. In contrast, trends to add additional
features to portable media players, such as video, could increase demand for these devices. The
Pacific Gas and Electric Company and others commented that lifetimes are estimated to be four
years. (PG&E et d., No. 20 at p. 10) All portable media players analyzed by DOE were powered
by 3.7 volt batteries. Apple isthe market leader for portable media players; as of 2007, Apple’s
market share was over 70 percent.?® Battery energy for Apple products ranges from 0.9 to 3.3
watt-hours. Overall, portable media players with color display screens tend to use similar
batteries as mobile phones. Nearly all portable media players are recharged via USB
connections, although many manufacturers offer EPSsthat output voltage at USB levels (five
volts) as an optional accessory. DOE assumes that ten percent usersthat purchase an MP3 player
also purchase an aftermarket EPS.

MP3 Speaker Docks and Clock Radios

From researching common units for sale, DOE found that the majority of MP3 speaker
docks employ EPSs, while most traditional clock radios run directly from mains power.
However, convergence between these devices is increasing. In 2009, atotal of 24.5 million clock
radios and MP3 speaker docks were shipped, and DOE estimates approximately 38 percent of
those units had EPSs.! Of the models DOE examined, most used EPSs with nameplate output
power between 13 and 18 watts. DOE found a few models with EPSs as high as 60 watts of
output power. EPS output voltage clustered around 10, 12, and 15 volts. DOE estimated that 15
percent of MP3 speaker docks contain integral rechargeable batteries and have BCs for those
batteries. DOE found battery information for only one such MP3 speaker dock. That model used
a 3.7 volt battery rated at 8 watt hours. Since most MP3 speaker docks can also charge the media
player, there is some question as to whether these docks contain BCs for this purpose. At present,
DOE believes that charge control lies within the media player while the MP3 speaker dock acts
simply as a power supply. DOE welcomes stakeholder comment on this issue. DOE assumes
lifetimes for MP3 speaker docks and clock radios to be 4 years.

® According to the NPD Group, the iPod’s market share was at 72.7 percent in January, 72.3 percent in February,
and 68.9 percent in March of 2007.
¢ Based on wall adapter information from 20 MP3 speaker docks and clock radios.
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Wireless Speakers

DOE estimates shipments of wireless speakers to be 760,000 unitsin 2009. This
application will likely experience strong growth as wireless technology improves and demand
increases. Wireless speakers require no cable to transmit audio output from the audio source, but
the wireless transmitter is powered by an EPS. Power to the speaker or speakersis provided by
one or two EPSs and DOE estimates that approximately 1.5 million EPSs were shipped with
wireless speakers in 2008. DOE is aware of one wireless speaker model that is powered by awall
adapter and can charge and operate on standard-sized C-cell rechargeable batteries.®

3.2.1.2 Computersand Peripherals

This category includes all computers and related equipment. Asthisis abroad category,
applications have been separated into five subcategories: computers, desktop accessories,
document manipulation, document readers, and networking. These applications have lifetimes of
between 3 and 5 years. (PG&E et al., No. 20 a p. 10)* Shipments totaled 124.0 million units in
20009 for the category as a whole. DOE estimated that 58.4 million BCs and 70.1 million EPSs
were shipped with these end-use products. DOE estimated that nearly half of the productsin this
category were used in the commercial sector, predominantly in office buildings but also in other
public commercial spaces.

. Personal Digital Assistants |

Document Reader

A Netbooks |
Computers : |
\ Notebooks |
| Media Tablets |
A ¥ LED Monitors |
Desktop ’ | Computer Speakers |
Aocessalleses External Hard Drives J
. | Uninterruptible Power Supplies
Computers and Peripherals : P PP J
| Image Scanners |
Document /4 Handheld Image Scanners |
Manipulation ! Inkjet Imaging Equipment |
. ’ ‘|

i
|' Portable Printers
| E-Book Readers

| | Mobile Internet Hotspots |
N LAN Equipment |

Networking

DOE estimated external hard drive shipments at over 770,000 units in 2009. Document
manipulation devices shipped 26.3 million units. Shipments of electronic book readers increased
significantly from 580,000 units in 2008 to 2.2 million units in 2009; however, the introduction
of media tablets will likely lead to asignificant reduction in e-book shipments in the near future.*



Computers

Computer products, which comprise personal digital assistants (PDAS), netbooks,
notebooks, and media tablets, represent the largest subcategory.d In 2009, 45.8 million units
shipped, 47 percent of which DOE estimated were used in the commercial sector. Applications
covered in the computers subcategory are built for portability and, as a result, use BCs and EPSs.
PDASs have seen significant convergence with smart phones. In 2005, more than 4.7 million units
were shipped, but by 2009 shipments had decreased to 1.75 million units.1 The broader
functionality of smart phones reduces the need for two devices and, by extension, the need for
multiple BCs. See Table 3-1for an illustration of this convergence. DOE includes smart phones
in its analysis of mobile phones under the telephony category.

Table 3-1 Shipments by Application, thousands

2006 2007 2008 2009 | CAGR (%)
PDAs 3,850 2,175 1,977 1,750 -18
Smart- 11,282 19,500 28,555 41,163 38
phones

Although PDA shipments are in decline, netbook shipments have grown significantly
owing to their greater portability and lower prices compared to full-sized notebooks. DOE
estimated that netbooks shipments increased from approximately 3.7 million units in 2008 to 8.7
million units in 2009. However, Apple’ s introduction of the iPad in 2010 could significantly
impact the dynamics of the computer market. 17.1 million media tablets shipped globally in
2010, and iSuppli expects global shipments to increase to 57.6 million units in 2011.° For
purposes of the analysis, DOE extrapolated base year shipments for media tablets in the United
Statesto be 7.4 million units.

Based on its survey of the market, DOE found that all EPSs powering notebook and
netbook computers are similar in voltage (~20 V), but vary in output power dueto differencesin
intended functionality. Netbooks require wall adapter output powers of approximately 30-65 W,
while notebooks require 60-120 W. Both typestypically use 11.1 V batteries. Battery energy is
similar between netbooks and notebooks, typically ranging from 40 to 60 watt hours. PDAs and
media tablets both use 3.7 V batteriesand 5 V output wall adapters; however, media tablet
batteries have higher capacities than PDA batteries, with rated battery energies of 25 Wh versus
4.4 \Wh, respectively.

Desktop Accessories

Desktop accessories are applications designed for at-home use with personal computers.
Total shipments in 2009 were 28.8 million units and include computer speakers, external hard
drives, and uninterruptible power supplies. Without data on computer speaker shipments, DOE
assumed that speaker sales would be equivalent to sales of desktop computers, a 10.3 million
units in 2009.! Based on its survey of products, DOE estimates that 38 percent of computer
speakers are powered by EPSs. Output power for these EPSs varied between 6 and 68 W. DOE

4 For the purposes of this analysis, DOE defines media tablets to be portable devices larger than smartphones with
complete mobile computer functionality and touch-screens.
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estimates that 58 percent of external hard drives, approximately 448,000 units, used EPSs.® " ©
Most units used 12 V EPSs with output power that varied between 12 and 57 W.

Uninterruptable power supplies (UPSs) contain BCs but do not use EPSs. UPSs act as
power strips with built-in batteries that remain charged in order to provide battery power to
attached devices in the event of a power surge or power interruption. DOE relied upon an EPA
estimate of 8 million units for 2009 shipments of consumer UPSs.2 Most consumer UPSs contain
built-in 12 V batteries with energies ranging from 84 to 168 watt hours. Built-in BCs are able to
fully charge these batteries in 3 to 24 hours, though most can do so in between 4.5 and 16 hours.

In product surveys, DOE also identified a number of LED and LCD monitorsthat use
EPSs, the mgjority of which were Dell brand. Therefore DOE used Dell’ s market share to
estimate 1.9 million shipments of EPS for LED monitors, or 20% of CEA’s 2009 estimate for
computer monitors. Thetypical output power of products found during the updated product
survey was lower, a 72 watts.

Document Manipulation

Document manipulation is another subcategory containing applicationsthat are
experiencing significant convergence. Printers often have additional scanning, copying and
faxing capabilities. Therefore, DOE analyzed three types of applications: stand-alone image
scanners, portable printers, and inkjet imaging equipment, which includes these multi-function
devices. DOE estimates total shipments in this subcategory to be 26.3 million units.

Inkjet imaging equipment made up 83% of total U.S. printer shipments, a 17.2 million
unitsin 2009.° In its product surveys, DOE found that fewer inkjet printers and multi-function
devices require EPSs than was estimated during the preliminary analysis. DOE estimates
approximately 4.1 million EPS shipments for these products, with output power varying
significantly within the range of 15-108 W and output voltage remaining at 30-32 V. Similarly,
about 40% of image scanners shipped with EPS, equal to 3.1 million shipments in 2009. All
portable printers on the market—about 1.2 million in 2009 according to DOE estimates—use
EPSs, while 75% use BCs. Battery voltage for portable printers ranges from 7.4-11.1V and
battery energy ranges from 3.3 to 25.2 watt hours.

Document Readers

Electronic document readers, also known as e-book readers, are a quickly growing
subcategory. CEA estimated that shipments almost quadrupled between 2008 and 2009 to 2.2
million units.! These portable rechargeable devices enable users to download and display
electronic books. DOE surveyed five of these devices, four of which were conclusively found to
use wall adapters (with outputs of 4.2-10.4 W) to power their BCs. The Amazon Kindle, the
original e-book reader, usesa 3.7 V battery with 5.7 watt hours of energy.

€ Worl dwide shipments for external hard drives were 2.6 million in 2008. Based on the Darnell Group’ s estimated
distribution of computer shipments, North America makes up 29 percent of worldwide computer shipments. U.S.
GDP is 85 percent of North American GDP, yielding U.S. external hard drive shipments of 644,215. Finally, i Suppli
forecast a 20% growth in U.S. shipmentsin 2009, resulting in DOE’ s estimate of 773,058 shipments.
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Networking

Aswireless technologies gain market share over traditional modems, market saturation of
networking equipment will continue to increase. DOE combined devices such as LAN
equipment, broadband modems, routers, and Wi-Fi access points under the general application
‘LAN Equipment’. CEA estimates 19.4 million units shipped in 2009, of which 96 percent use
an EPS that provides output voltage between 5V and 12 V.! Recently, Comcast began offering a
broadband modem with a rechargeable back-up battery to new digital voice subscribers. Based
on data published by Comcast, DOE estimates that approximately 1.3 million units shipped with
BCsin 2009.'* ** DOE aso identified mobile internet hotpots as a new application in this
subcategory. These products connect to the internet via a cellular connection and output a Wi-Fi
signal. They use 3.7 V batteries and EPS with 5V output.

3.2.1.3 Geospatial Equipment

The geospatial equipment category is comprised of rechargeable global positioning
system (GPS) devices, which include handheld and in-vehicle GPS devices. After experiencing
rapid year-over-year growth, shipments of in-vehicle GPS declined from 15.3 million unitsin
2008 to 12.6 million unitsin 2009.> GPS functionality in smartphones has likely contributed to
lower sales of these products. Since the majority of handheld GPS devices are powered by
primary batteries, DOE assumes that just 15 percent of the handheld devices sold are
rechargeable. A wall adapter for charging purposesiis either included with the product or sold
separately. Shipment datais not readily available on handheld GPS units, but DOE estimates that
150,000 units shipped in 2009 use an EPS and BC. DOE assumes lifetimes for handheld and in-
car GPS unitsto be 5 years. In-vehicle GPS units are primarily charged by a DC car charger.
Many can also be charged with an AC-DC wall adapter, but these are normally sold as separate
accessories. DOE assumes battery voltage for in-vehicle GPS unitsis 3.7 V with energy between
4 and 8 watt hours.

f/’-- --‘\\
[

In-Vehicle GPS ‘|

Geospatial EQuipment |

| : Handheld GPS '|

3.2.1.4 Telephony
DOE has separated telephony into two sub-categories with very different power supply

and usage characteristics. These categories are mobile telephony (including two-way radios,
mobile/cellular telephones, and accessories for these devices) and stationary telephony
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(including cordless telephones and satellite charging bases, caller 1D devices, and voice over
internet protocol — or Vol P — adapters).

4 A y Bluetooth Headsets |
| g' Consumer Two-Way Radios |

Mobile

f Mobile Phones |
Telephony | Smartphones |
|

Caller ID Devices

Stationary - -
L J \ Answering Machines

! VolP Adapters

‘|
Cordless Phones |
|
|

Shipments in this category vary widely, from standalone caller ID devices, of which
345,000 units shipped in 2009, to mobile phones, with shipments of 94.2 million units. Total unit
shipments for applications in this category were 196.6 million units. - *2

Mobile Telephony

Applications in the mobile telephony category are small, portable devices designed for
mobile communication. With the exception of those consumer two-way radios that are powered
by primary batteries, productsin this subcategory use BCs. Mobile phones typically employ
EPSs, although substitution is a factor as some can also obtain power from USB ports. Bluetooth
headsets are typically charged with USB connectors or wall adapters.

DOE analyzed mobile phones and smartphones as distinct applications. Smartphones
incorporate the utility of handheld computers into mobile telephones, reducing the need for two
separate devices. Smartphone shipments increased by 44% over 2008 to 41.2 million unitsin
2009, while CEA estimates mobile phone shipments of 94.2 million units, 8.5 million less than
in 2008. CEA predictsthat smartphones also have the potential to adversely affect sales of MP3
players, digital cameras, camcorders, handheld PCs, portable videogames, and GPS devices, just
as they have nearly eradicated the PDA market.! For example, it was predicted that global sales
of GPS-enabled phones would reach 240 million in 2009*2, while 500 million of the smartphones
and mobile phones shipped globally in 2007 were capable of playing digital music**. Reduced
demand for these other applications will lead to lower shipments of their associated BCs and
EPSs.

For those mobile phones surveyed, DOE found all to use EPSs, while some have the
ability to be charged by USB or 12 V DC car chargers. EPS power output is low (2.5-5 W) and
nearly all are five volt output. Mobile phones use 3.7 V batteries with capacities that range from
3 to 5.6 watt hours.

Mobile phones have average lifetimes of 2 years. While the mobile phone itself is
designed to last longer than this, the mobile phone industry is driven by technological innovation
and trends, two factors that lead consumers to replace phones on aregular basis. Furthermore,
cell phone service contracts average two years in length; after this point, consumers are
frequently given the option of purchasing a replacement phone at a significant discount.
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Therefore, in the past DOE considered mobile phone lifetimes to be two years and EPS lifetimes
to aso be two years. However, the “GSMA Universal Charging Solution”, described below, will
increase the lifetime of the EPS.

GSMA Universal Charging Solution

In early 2009, 21 mobile phone operators and manufacturers agreed to work together to
implement a universal battery charging standard for mobile telephones by 2012*°. Historically,
each mobile phone has been manufactured and sold with a unique EPS built specifically for that
phone and its internal battery. Asaresult, EPS unit shipments have mirrored mobile phone
shipments. This standard will eliminate the need for consumers to purchase a new EPS each time
anew mobile phone is purchased and, as aresult, will reduce mobile phone EPS shipments.

The Environmental Protection Agency (EPA) estimates that 125 million mobile phones
(and, by extension, nearly that many EPSs) are discarded annually in the United States'®. The
universal charging agreement will use a micro USB interface and common output voltage so that
new chargers can work with multiple phones. Thiswill result in a significant reduction in annual
EPS shipments after 2012, asthe need to replace old EPSs when a new phone is purchased will
be eliminated. DOE forecasts that the number of battery chargers manufactured and sold in the
global market place (and, by extension, the United States) will be reduced by 50 percent.

The reduction in EPS shipments will be matched by a corresponding increase in product
lifetime for EPSs, which DOE estimates will be 4 years. The agreement also includes a no-load
mode power ceiling of 0.15 W.*" This no-load limit may reduce the energy consumption of
mobile phone EPSs. These potential impacts are discussed in section 3.2.3

Stationary Telephony

The stationary telephony subcategory includes cordless phones/answering machines,
Vol P adapters, and caller ID devices. All use wall adapters.

Cordless phones and answering devices are often packaged with multiple handsets (each
withaBC). A typical cordless phone set consists of a charging base with built-in answering
machine, a handset, and one or more satellite charging bases, each with its own handset. Each
charging base plugs into awall outlet via a wall adapter to charge the batteries of the
corresponding handset. Hence, a cordless phone set will include between one and five wall
adapters and charging cradles. DOE estimates total EPS shipments for cordless phones and
answering devices was 30.1 million unitsin 2009. Most cordless phone EPSs have output power
between 1.2 and 7.7 W and voltage between six and nine volts. DOE found cordless phone
batteries were either 2.4 or 3.6 volts and between 2.6 and 5.3 watt hours. Cordless
phone/answering machines have an average lifetime of 5.3 years.'

Voice over internet protocol, or Vol P, adapters are powered by EPSs, and 9.9 million
units in were shipped in 2009.! Vol P adapters provide telephone service via an internet
connection. Vol P adapters typically have five or 12 V EPSs with power outputs of 10-14 W.

" Based on the average values of three sources: PG&E et. al. (5 years) (PG&E et ., No. 20 at p. 10); Appliance
Magazine (5 years); and FY 2005 Preliminary Priority-Setting Summary Report and Actions Proposed (6 years).
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DOE assumes that stand-alone caller 1D devices use EPSs similar to those used for cordless
phones. Only 345,000 units shipped in 2008.* The low and decreasing shipments of standalone
caller ID devices can be explained by convergence with stationary telephones, as many now
incorporate caller 1D technology.

One trend that negatively affects the stationary telephony market, including cordless
phones/answering machines and caller 1D devices, is the decline in homes with landline
telephone service. With the increase in cellular telephone service indicated by increasing mobile
phone shipments, many households have opted out of landline telephone service. CEA’s data
show that answering devices and cordless phone unit shipments have decreased by an average 19
percent annually since 2006. Strong growth in mobile phone unit sales has offset declinesin
cordless phone unit sales, leading DOE to conclude that, despite these fluctuations, the market
for BCs and EPSs has remained largely unchanged in this subcategory®.

3.2.1.5 Household
This category encompasses a wide array of applications, ranging from water softenersto

digital cameras, and DOE estimates that 132.7 million of these applications that often use BCs or
EPSs shipped in 2009.

9 As cordless phone sales declined, manufacturers began to bundle multiple receivers and satellite basesin a
package. Asaresult, BC and wall adapter sales for this application are higher than cordless phone package sales.
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Household applications are grouped into seven subcategories based on intended use.
These subcategories differ significantly from one another in market and technology
characteristics and are, therefore, discussed individually below.

Photo/Video

The photo/video subcategory is comprised of consumer products primarily designed for
photography, video, and viewing pictures and movies. Applications included in this subcategory
are digital cameras (33 million units in 2009), consumer camcorders (6.3 million), portable DVD
players (3.7 million), and digital photo frames (9.3 million)." Digital cameras and camcorders

" 2009 US shipments estimates for digital cameras, camcorders, and digital photo frames are taken from Consumer
Electronics Association. DOE estimates portable DVD shipments based on global shipmentsin 2006, with
shipments growing annually at therate of US population growth.
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have lifetimes averaging six years and five years respectively, while DOE assumes that portable
DVD players have lifetimes of four years.

Growth in this category is driven primarily by growth in digital picture frame shipments,
which have increased from 1.5 million units in 2006 to 9.3 million units in 2009." Based on
inspection of 20 top-selling models, DOE estimates that close to 100 percent of digital picture
frames ship with EPSs. In the same time period, camcorder shipments increased from 5.3 million
units to 6.3 million units.* CEA predicts that low-cost camcorders with solid state drives have
the potential to boost future sales of this application. Furthermore, these units tend to use BCs
with USB (five volt) input. The popular Flip Video solid state camcorder, made by Cisco,
controls 17% of the camcorder market with its inexpensive line of camcorders that use USB
input to recharge their batteries. *®* DOE assumes 25% of camcorder shipments use five volt input
BCs. Shipments of digital cameras have held steady between 32.9 million and 33.2 million units
over the past 4 years." CEA attributes this stagnated growth to a combination of market
saturation and an encroachment on sales due to convergence with other devices such as mobile
phones.

Based on product surveys, DOE estimates that 80 percent of digital cameras ship with
BCs. Camcorder and digital camera BC shipments have remained constant, while digital picture
frames, which are relatively new to the market, are rapidly gaining market share, resulting in a
net increase of BC/EPS shipments in the photo/video category.

Digital camera BCstypically provide output power at 4.2-8.4 V. They are used to
recharge batteries that typically have 3.2 to 11.1 watt hours of energy. The majority of digital
cameras and camcorders DOE surveyed used cradle chargers. DOE found that very few digital
cameras use wall adapters; of the digital cameras DOE surveyed, only about half of the digital
single-lens reflex (DSLR) cameras, which make up about 30 percent of the market, used one.*
Therefore, DOE estimates approximately 4.9 million shipments of EPS for digital cameras, of
which half operate the application indirectly. DOE also noted a strong trend towards USB power
for camcorders; the best selling model in 2008 was rechargeable by this method'®. DOE found
EPSsfor digital picture frames to range between 7.5 and 24 W of output power. Portable DVD
players use wall adapters with output powers between 9 and 24 W to charge batteries with rated
energy between 16 and 32 watt hours.

It is important to note that many mobile phones and PDAs now include digital camera
and digital video recording technologies. While DOE expects that this has had a negative effect
on the subcategory’ s shipments, this effect has most likely been small, aresult of the relatively
poor quality of most mobile phone camera lenses and sensors. As mobile phones are equipped
with higher quality cameras with greater functionality, it is possible that the convergence will
increase. Portable DV D players may also face the pressures of convergence with other
applications. As streaming videos become more common and mobile devices (such as mobile
phones and portable music players) are able to store and play full-length digital movies, the
market for portable DVD players may decline. If these applications continue to converge, the
demand for multiple devices will be reduced, thus reducing the demand for BCs.
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Another instance of convergence within this subcategory is the ability of many digital
cameras to record good-quality videos. Many compact, “point and shoot” digital cameras can
shoot videos, while a few recent entrants into the DSLR camera market can shoot high-definition
videos. DOE expectsthat this convergence has reduced the need for consumers to own separate
digital cameras and camcorders and, as a result, has reduced the need for the BCs and EPSs
powering these devices.

Floor Care

This subcategory contains three applications. hand vacuums, stick vacuums, and robotic
vacuums. All three applications include models that utilize battery chargers and wall adapters
and include models with charging cradles.

DOE estimated 2009 unit shipments to be 4.0 million for rechargeable handheld vacuums
and 4.2 million for stick vacuums.?® DOE estimates that 63 percent of stick vacuums (2.6
million) are rechargeable. One million robotic models shipped, all of which were cordless and
rechargeable.?! Thus, DOE estimates total BC shipments for floor care were 7.6 million unitsin
2000.

All of the handheld rechargeable vacuums surveyed are charged via charging cradles
coupled with wall adapters. BC and wall adapter specifications for handheld vacuums were not
readily available; however battery voltage ranged widely from 4.7 to 40 V, with most batteries
between 9.6 V and 20 V. DOE assumes typical hand vacuums have battery energy of 19 waitt
hours.

Stick vacuums are designed for cleaning larger floor areas and have higher capacity
batteries than do handheld vacuums. Approximately 50-60 percent of the rechargeable units
surveyed were charged via a charging cradle, with the remainder utilizing wall adapters instead.
DOE expects that, like handheld vacuums, stick vacuums with charging cradles are designed for
the charger to be plugged into mains all the time. Charging times ranged from 3 to 24 hours,
while battery voltage ranged between 6 and 24 V.

The majority of popular robotic vacuums can be charged via awall adapter and charging
“base.” The base issimilar to acradle in that the product spends the majority of its time plugged
in. Battery energy is higher for robotic models than for stick or handheld models, as the battery
must power the vacuum, sensors, and drive wheels. DOE inspected two additional robotic
products manufactured by iRobot, the largest manufacturer of robotic vacuums:. arobotic floor
washer and a robotic gutter cleaner. Both use batteries of similar size and chemistry to the
company’s floor vacuum. Charging time for robotic vacuums was between 3 and 15 hours.
Where data were available, DOE found BC output voltages of 17-22 V and energy between 36
and 43 watt hours,

Kitchen Appliances

Very few kitchen appliances use BCs or EPSs. DOE estimates that only about 400,000
shipments included BCs and just 20,000 had EPSs. Overall shipments of kitchen appliances are
significant, however. The September 2009 issue of Appliance Magazine listed 2008 shipments
for all electric blenders, can openers, and mixersas 1.2, 5.7, and 5.8 million, respectively, and
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showed that shipments have remained steady since 2005.% Conversations with the Association
of Home Appliance Manufacturers (AHAM) have supported DOE’ s assumption that
rechargeable units make up a small fractions of the unit shipments for these applications.

Childcare

Baby monitors use BCs and wall adapters, while breast pumps use EPSs but not BCs.
Other applications considered elsewhere in the analysis are toys and entertainment devices.
Based on the number of first-births to US families in 2007, DOE estimates that shipments of
rechargeable baby monitors were 1.7 million in 2009. Most baby monitors use a least two BCs
and wall adapters, one for the nursery unit and one for the receiving unit. DOE assumes that the
average baby monitor is used intermittently over a period of 4 years. DOE does not have
shipment data for breast pumps, but estimates shipments 550,000 units annually based on first-
births and breastfeeding rates. Breast pumps are powered by EPSs.

Entertainment

The home entertainment subcategory includes video game systems (consoles and portable
handheld systems) and radio controlled toys. The ride-on toy application isincluded in the
transport category due to similarities between BCs for ride-on toys and BCs for other
applications in that category. Other applications not analyzed in this category include musical
instruments, computers, and recreational transport (such as motorized bicycles).

DOE estimates total unit shipments for video game consoles to be 23.7 million' and
shipments of portable video game systemsto be 10.4 million.! DOE egtimates lifetimes of 3
years based on the rate a which manufacturerstypically develop new systems. The Nintendo
Wii, which made up about 49 percent of the market in 2009, usesa 12 V, 44.4 W output EPS.
The Microsoft Xbox 360, which made up 32 percent of the market, uses a 198 watt EPS that has
multiple simultaneous output voltages. The Sony Playstation3, which accounted for the
remaining 19 percent of the market, does not use an EPS, but each unit ships with one
rechargeable controller that contains a BC. EPSs used with handheld game systemsare 5V and
have output powers of 2.5 to 7.5 watts. They are powered by 3.7 V batteries with 1.8 to 4.4 waitt
hours of energy.

This category has experienced a form of convergence that may lead to an increase, rather
than a decrease, in EPS shipments. Most new videogame consoles have the ability to play DVD
and Blu-ray discs. Stationary DV D and Blu-ray players are not powered by EPSs. This additional
functionality in video game consoles may cause some consumers who may otherwise have
purchased a stationary DV D or Blu-ray player to purchase a console instead, resulting in
accelerated console sales growth and more EPS shipments.

DOE lacks shipments data for radio-controlled (RC) toys but assumes shipmentsto be 7
million per year (similar to toy ride-on vehicles), of which 30 percent are rechargeable. DOE

' DOE estimate i's based on annual sales dollars reported by CEA and the market-share weighted average sales price
of the three major consoles on the market in 2009: Nintendo Wii, Microsoft Xbox 360, and Sony Playstation 3.

J According to Comcast (citing i Suppli), there were 38.9 million portable video game systems shipped globally in
2009. DOE assumes shipments to the US are proportional to the US share of global GDP (26%).
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estimates total shipments with BCsto be 2.2 million units annually. Growth in BC shipments
may result if there is an increase in the ratio of rechargeable RC toys to those powered by
primary batteries. Both types of RC vehicles use cradle BCs and often use 7.2 or 9.6 volt
batteries with energy between 7.7 and 10.8 watt hours.

Home Systems

Applications considered under the “home systems’ category are designed to be
continually plugged into household power outlets. These applications operate as background
systems, adding comfort, security, or safety to homes. Home security systems, electronic pest
repellents, irrigation timers, and water softenerg/purifiers are all included in this category. Many
use EPSs, and home security systems contain battery chargers. Water softeners/purifiers shipped
1.2 million units in 2008.% Shipments data were not readily available for irrigation timers, but
DOE estimates modest shipments of 500,000 units in 2009.

PG&E estimates lifetimes for emergency systems, which include home security systems,
to be 7.3 years. (PG&E et a., No. 20 at p. 10) Given the similarities among applications in this
category, DOE extended this estimate to the other applications in this category as well. Given
that 28 percent of homes contain security systems and assuming the lifetime provided by PG&E,
DOE estimates annual shipments of home security systemsto be 4.2 million units. Home
security systems are comprised of various components that use combinations of rechargeable
batteries (with integrated chargers) and EPSs as power sources. While there are afew basic
configurations and do-it-yourself installation kits available, security systems are component-
based and highly customizable. As aresult, the number of BCs and EPSs varies from system to
system. Security system EPSs tend to be AC-AC transformers, though some components are
powered by AC-DC converters. In the most basic home security systems, a simple, non-
rechargeable battery-powered circuit is attached to a door, window, or other point of entry into a
home. Alarm control boxes that monitor these circuits are often powered by an EPS. An
integrated AC-DC converter that functions as a BC provides a continual source of power to a
backup battery so, in the event of a power outage, the security system remains functional.
Wireless systems can be completely battery powered (with optional after-market wall adapters)
and may include one or more BCs. As a simplification, DOE assumed one BC and EPS are
included with each security system.

Typical output powers for home security system EPSs (the mgjority of which are AC-AC
EPSs) are 16 or 24 V. DOE found that most home security system BCs convert AC power to DC
power in order to charge a security system’s backup batteries. Many of these BCs convert AC
current to 6, 12, and/or 24 volt DC current to recharge the batteries.* Standard batteries are 12 V
sealed lead-acid with 14-84 watt hours of energy. Some battery packs feature other battery
chemistries, 3.6—7.2 V output, and battery capacities of 1.3-13 Ah.

Water softeners surveyed used AC-AC EPSsrated at 24-volts and 9.6-18 watts nameplate
outpuit. DOIIE found information on one irrigation timer that also had a 24 volt AC/AC EPS rated
at 18 watts.

¥ Based on examination of retailer and distributor Web sites, including www.bassburglaralarms.com and
www.homesecuritystore.com.
' Theline of Toro ECXTR Sprinkler Timers uses a 24V, 18 watt AC/AC EPS.
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Other Household

This subcategory is comprised of consumer applications designed for home use that do
not readily fall under the other subcategories. BC applications include air mattress pumps,
rechargeable flashlights, and universal battery chargers. Many of these applications also use wall
adapters, as do wireless charging stations, aquarium accessories (air and water pumps) and
indoor fountain pumps.

PG&E estimated annual shipments of universal battery chargers to be 300,000 units and
lifetimesto be eight years. (PG&E et al., No. 20 at p. 11) BCC research predicts that sales of
universal battery chargers will continue to increase, driven primarily by an increase in
rechargeable battery sales.® BC datavary significantly based on the model of universal battery
charger and the batteries it is intended to charge. Simple models can accommodate only two or
four AA batteries, while others can charge most standard-size rechargeable primary batteries in
various combinations and quantities. A typical user may frequently charge four AA batteries;
therefore these BCs would typically charge batteries of ten watt hours,

PG&E estimates that 100,000 rechargeable flashlights are sold annually, a small fraction
of all the flashlights shipped annually. Rechargeable flashlights have expected lifetimes of ten
years. (PG&E et a., No. 20 a p. 11)

Aquarium and fountain pumps use AC/AC EPSs. DOE examined the ENERGY STAR
product list of AC/AC EPSs and found aquarium pump EPSsrated at 9 V and 1.8 watts of output
power. The American Pet Products Manufacturers Association estimates that 15 percent of
households have fish as pets.?* Assuming each fish owner has an aguarium with a pump and
given an estimated lifetime of five years, DOE estimates shipments of aguarium pumps to be 3.5
million units annually. DOE also assumes that about 20 percent of these aquarium accessories
are used in the commercial sector—in restaurants and hotels, for example—based on the ratio of
commercial to residential floor space in the US. DOE lacks a source for shipments data on
indoor fountain pumps but assumed annual shipments of one million units. DOE assumes indoor
fountain pumps use EPSs that are similar to aquarium pumps. DOE expects lifetimes for indoor
fountains and air mattress pumps to be approximately five years.™ % %

Wireless charging stations are emerging as popular alternatives to wall adapter battery
chargers for portable consumer electronics. These products consist of a charging base and a
receiver or “skin” that attachesto a handheld device, such as a mobile phone or MP3 player.
When the handheld device is placed on the charging base, it transfers power wirelessly to the
device, either conductively or through electromagnetic induction. Some products on the market
are capable of charging multiple handheld devices simultaneously, reducing the need for
multiple wall adapters. According to iSuppli, 3.6 million wireless charging stations are expected
to ship globally in 2010, and shipments will increase dramatically to 235 million by 2014.%"
These wireless charging stations generally require EPSswith 18 V and 15 W.

™ Estimate for air mattress pumps and aguarium accessories are based on the lifetime estimate of 5 years for indoor
fountains. The EPS for indoor fountains primarily powers the fountain’s pump; the same holds true for the EPSs of
the other two applications. As aresult, DOE assumes all three pump applications to have similar operational
lifetimes. Indoor fountain lifetimes estimates based on an average of the lifetimes quoted on retailer websites.
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3.2.1.6 Outdoor Appliances

The market for battery powered, rechargeable outdoor appliances is small compared to its
gasoline-powered counterparts. DOE has identified three battery-powered outdoor appliance
applications: weed trimmers, hedge trimmers, and lawn mowers.

./_..- -.__\.
I

Rechargeable Garden Care
Outdoor Appliances ._ Products )
Lawn Mowers |

&

DOE lacks a source of shipments datafor cordless weed trimmers and hedge trimmers
but estimates annual shipments to be 150,000 units. Although Appliance Magazne estimates
annual shipments of 300,000 electric lawvn mowers, many of these units are corded.?’ DOE
believes the prevalence of cordless mowers will increase. In fact, an examination of products
available at major home improvement stores showed the availability of 17 cordless lawn mowers
compared to just 11 corded mowers." Based on this model count, DOE assumes 61 percent of all
outdoor appliances use BCs. DOE estimates that, as technologies improve and battery capacity
increases (allowing the product to be used for longer periods of time), battery powered outdoor
appliances could experience significant growth.

Cordless lawvn mowers require significant power and long discharge times. Most utilize
sealed lead-acid batteries and battery energy ranges from 240 to 840 watt hours, with a median
of 410 watt hours. Battery voltage was significantly higher than other outdoor appliances: most
electric lawn mowers use 24 V batteries, with some as high as 60 V. Most electric lawn mowers
have charging times of 12-24 hours.

Short discharge and long recharge times are limitations of cordless lawn mowers. Thus,
battery powered mowers are impractical for consumers with larger lawns. DOE expectsthe
market share for rechargeable units to increase as technologies improve discharge times and
charging rates.

By contrast batteries and battery chargers for cordless weed trimmers and cordless hedge
trimmers are much smaller. Both products have similar batteries with outputs between 12 V and
18V and rated energy of 14 to 31 watt hours. Charging times for these products are relatively
short: between 1-3 hours.

" Models of corded and cordless lawn mowers available on the websites of The Home Depot, Lowes, and Sears were
counted. Sites examined September 29, 20009.
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3.2.1.7 Personal Care

The personal care products category includes three subcategories. The hair subcategory
includes beard and mustache trimmers, hair clippers, and electric shavers. The dental
subcategory includes rechargeable toothbrushes and rechargeable water jets (also known as oral
irrigators). These products tend to have shallow depths of discharge and smaller capacity
rechargeable batteries. DOE believes battery energy for most dental and hair productsto be
approximately 1 watt hour. The medical subcategory includes blood pressure monitors, medical
nebulizers, portable oxygen concentrators, and sleep apnea machines. These applications use
non-class A EPSs.

A Toothbrushes
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Unit shipments for applications in the hair subcategory were 24.1 million, divided
between trimmers (9.4 million), clippers (6.1 million), and shavers (8.7 million).?® DOE believes
the markets for these productsto be at or near saturation. As aresult, demand is expected to
remain constant.

Market surveys showed that the majority of trimmers and clippers are either corded or
use primary batteries. Therefore, DOE assumed that only 75% of these products use an EPS and
25% use a BC. On the other hand, DOE found that almost all electric shavers on the market
employ both EPSs and BCs. A mgjority of beard and moustache trimmers are designed for
cord/cordless operation, as opposed to a majority of shavers and clippers, which cannot be
operated while the battery is charging. In the latter case, DOE assumed the EPS did not directly
operate the consumer product. DOE assigned 25% of trimmer EPS shipmentsto product classN
and 75% of shaver and clipper EPS shipments to product class N. DOE observed that typical
battery energy is between one and four watt hours and EPS output ranging from 3V to 15V and
0.3W1t06.3W.

DOE received a comment from Philips following the preliminary analysis that
approximately 15 million rechargeable toothbrushes shipped in 2009. (Philips, No. 41 & p. 2)
This is an increase over 2000, when 10 million electric toothbrushes were sold.? Rechargeable
ora care products are inductively charged and use cradles with wall adapters. Rechargeable
toothbrushes use inductively charged batteries. Their batteries are typically 1.2 volts and
approximately 0.8 watt hours.
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DOE aso examined medical devices designed for in-home use that employ EPSs and
BCs. These applications, including blood pressure monitors, nebulizers, portable oxygen
concentrators, and sleep apnea machines.

Blood pressure monitors are used by those who must take frequent readings of their blood
pressure. Most digital units operate with primary batteries, but some are sold with an EPS or
offer an optional EPS. DOE estimates 100,000 EPS for blood pressure monitors shipped in 2009.
DOE estimates typical nameplate output power to be around 3 watts. Nebulizers administer
liquid medication as a mist that can be inhaled into the lungs. They are commonly used to treat
asthma and chronic obstructive pulmonary disease (COPD). The EPSs that provide power to
nebulizers tend to have nameplate output power in the range of 10 to 20 watts. Nebulizers
occasionally use rechargeable 12 V batteries;, DOE estimates shipments of 400,000 nebulizers
with BCs.

Sleep therapy devices include continuous positive airway pressure (CPAP), bi-level
positive airway pressure (biPAP), automatic positive airway pressure (autoPAP), and similar
machines used to treat obstructive sleep apnea. Some sleep therapy devices are battery powered,
some plug directly into mains, and others are powered by EPSs, which typically have nameplate
output power of approximately 28 to 50 watts. DOE found sleep apnea machines that employ 12
volt batteries with battery energy of 79.2 watt hours. DOE estimates one million EPS shipments
and half that number of BC shipments.

Portable oxygen concentrators absorb nitrogen from the air to provide oxygen to the user
at higher concentrations, eliminating the need for oxygen tanks. These devices typically use
EPSs ranging from 90 to 200 watts. Portable oxygen concentrators include batteries and are
typically sold with BCs for both at-home and in-vehicle use. DOE estimates that approximately
9,000 portable oxygen concentrators were sold in 2009. DOE found an example with a 195 watt
hour battery.

3.2.1.8 Power Tools

The cordless power tool market is large, with 23.4 million units shipped in 2009.%° DOE
divides power tools into two categories. Do-1t-Yourself (DIY) and professional tools. DIY tools
are aimed at casual users and have batteries of less than 18 volts while professional tools have
batteries of 18 volts or more. Both types of tools are frequently purchased by consumers.

II/,-' = i \\...
!P DIY Power Tools (Integral) |
Power Tools |: DIY Power Tools (External) |
!’ Professional Power Tools |
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DOE estimates that 50 percent of power tools shipped are DIY tools. These can be
divided into those with detachable batteries and those with integral batteries. DOE assumed that
the former account for 30 percent and the latter 20 percent of the total market. Based on data
provided by the Power Tool Institute, DOE estimated that 5 percent of DIY tools with detachable
batteries and 100 percent of DIY tools with integral batteries use EPSs. Professional power tools
use detachable battery packs and the battery charging system does not use a wall adapter. Based
on manufacturer interviews and data from PG& E, DOE estimates average power tool lifetime at
5.9 yearsfor DIY tools and 3 years for professional tools. (PG&E et a., No. 20 at p. 11)

According to forecasts from the Darnell Group, the market for cordless rechargeable
power tools will continue to grow at an average annual rate of 10.6 percent until 2013. This
growth is attributed to afalling cost for increasingly powerful and flexible tools. DOE believes
that short-term growth will be tempered by the slowdown in the construction and remodeling
industries.

Batteries for DIY tools are quite varied. Smaller tools, such as cordless screw drivers,
may have batteries in the 3.7 to 4.8 volt range, while larger tools such as drills have batteries
clustered around 7.2, 12, and 14.4 volts. Based on limited information, DOE estimates that
battery energy for DIY tool batteries fewer than 12 voltsis typically less than 15 watt hours.°
DIY tools between 12 and 18 voltstend to have battery ratings around between 14 and 55 watt
hours.” Most professional power tools use 18 volt batteries. DOE’s research found median
battery energy among professional tools to be 54 watt hours.

DOE assumes that some power tools with rechargeable batteries are used in commercial
buildings or otherwise at commercial electricity rates. Professional contractors working on
commercial sites and office building maintenance staff are most likely to use professional-grade
tools, but they would also use tools with lower battery voltages for certain jobs; therefore, DOE
assumed a larger share of commercial sector shipments for professional power tools (35%) and
smaller shares for DIY integral (5%) and DIY external (15%).

3.2.1.9 Transport

The transport category includes an assortment of applications powered by BCs, including
toy ride-on vehicles, golf cars, mobility scooters, and others. While many electric vehicles are
included in this category, automobiles, as defined by the U.S. Department of Transportation, are
not. See Section 3.1.1 for definitions of “consumer products’ and “automobiles.”

° Based on a sample of five DIY tools.
P Based on a sample of five DIY toals.
9 Based on a sample of 13 professional tools.
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DOE estimates that 9.6 million BCs for transport applications are shipped annually. Of
these, 8.1 million are for toy ride-on vehicles.* While DOE assumes lifetimes for toy ride-on
vehiclesto be about 4 years, other transport applications have lifetimes of approximately 10
years. (PG&E et d., No. 20 a p. 11) While 6-, 12-, and 24-volt batteries are common among
these applications, battery energy varies dramatically from 27 to over 9,000 watt-hours. The
output powers of the BCs and EPSsthat power these batteries also vary considerably.

Electric Vehicles

The electric vehicles subcategory includes BCs for golf cars, chargers for marine and
recreational vehicle (RV) batteries, toy ride-on vehicles, motorized bicycles, and electric
scooters.

The golf car market includes a wide range of vehicle types, from standard golf cartsto
heavy duty “utility vehicles’, which are designed to carry loads over difficult terrain. The
research firm International Market Solutions (IMS) calls this broad category of products, “small
task-oriented vehicles’ and each vehicle type may be purchased by consumers. These vehicles
are steadily moving towards battery power. IMS estimates that the market share of electric small
task-oriented vehicles has increased from 56 percent in 2000 to 64 percent in 2006 and they
estimate the electric share will increase to 70 percent by 2012.%* The same golf car models are
often sold to both the golf course fleet market and to private consumers. Furthermore, many fleet
golf cars are later sold in the consumer market as used vehicles. IMS estimates that over 210,000
electric small task-oriented vehicles were shipped in 2009, most of which (89%) were shipped to
the commercial sector. Shipments are expected to grow at a CAGR of 4.2 percent from 2006 to
2012. As mentioned above, DOE excludes golf cars manufactured for on-road use. These
vehicles are automobiles and fall outside DOE'’s scope. Based on DOE’ s analysis of currently
available products, most golf cars employ several 6 or 12 volt batteries and energy greater than
3,000 watt hours. Common golf car BCs have output voltages of 36 or 48 volts.

DOE isalso considering large universal battery chargers in its scope, such as those used
to charge batteries for marine trolling motors. DOE has found that these battery chargers are
functionally equivalent to those used to charge batteries for recreational vehicle (RV)
accessories, automotive and motorcycle starter batteries, and other applications. Marine and RV
applications use one or more 12 volt deep cycle batteries, depending on the requirements of the
accessories being operated. PG& E estimates 2009 shipments of large universal BCsto be
500,000 units and have lifetimes of ten years. (PG&E et al., No. 20 at p. 10) Large universal BCs
typically have output powers of 12 volts, athough 24-volt universal BCs are not uncommon.
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These BCs are used when more than one battery is being charged, as may be the case in some
marine and RV applications. Deep cycle marine batteries store approximately 830 watt hours of
energy.’

Toy ride-on vehicles account for the great majority of BC shipments in the transport
category. The Toy Industry Association reported that 2008 retail salesin the U.S. were $1.8
billion.*® Based on an estimated average retail price of $222.50, DOE estimated shipments to be
8.1 million units per year.® These vehicles have BCs with output voltages of 6, 12 and 24 volts
and energy between 27 and 144 watt hours. Based on the recommended age levels for these
products, DOE estimates toy ride-on vehicles to have a service life of four years.' Since the
market for these applications is mature, and because the population of children age oneto six is
projected to grow a a compound annual growth rate of only 0.65 percent during the analysis
period, DOE does not expect significant growth in this market.*®

Electric scooters and motorized bicycles are the remaining applications DOE analyzed.
Based on recalls of toy scooters, DOE estimates that annual sales of electric scooters are at least
250,000 units per year." DOE estimates annual shipments of electric bicycles to be 150,000 units
in 2009.* The scooters and motorized bicycles DOE analyzed used batteries ranging from 24 to
48 volts. Batteries had rated energy between 108 and 456 watt hours. The Segway brand scooter
isunigque in that it uses two 73.6 volt batteries (each at 427 watt hours of energy). DOE found
little information on wall adapters for these applications.

Mobility Devices

Battery-powered wheelchairs and mobility scooters are common BC applications used by
individuals with mobility-limiting disabilities, obesity, arthritis and other medical conditions. In
2006, the market research firm Marketstrat, Inc. forecasted that 166,000 powered wheelchairs
and 192,000 mobility scooters would ship in 2008.%> DOE was unable to find recent market
information on shipments of mobility devices and thus assumed shipments would remain
constant in 2009.

Powered wheelchairs and mobility scooters use similar batteries and chargers. All of the
mobility devices examined by DOE were powered by two 12 volt batteries wired in series for a
total output of 24 volts. Battery energy for a single battery ranged from 144 to 900 watt hours
and with common devices employing pairs of either 144 watt hour batteries or batteries in the
range around 400 watt hours.

" Based on test unit.

* DOE examined the retail prices of best-selling toy ride-on vehicles available from Wal-Mart, Toys R Us, and
Amazon.com. Web sites examined in November 2010.

' According to surveys of retailer websites, typical age categories are one to two years of age for |ow-powered
vehicles and two to six years of age for more powerful vehicles.

“ Based on recall data from the Consumer Product Safety Commission. Data show that recalls of individual models
account for significant shipments. For example see: U.S. Consumer Product Safety Commission. “CPSC, Razor
USA Announce Recall of Electric Scooters.” June 14, 2005. (Last accessed September 13, 2010.)
<http://www.cpsc.gov/CPSCPUB/PREREL /prhtml 05/05193.html> The September 13, 2010 material from this
website isavailable in Docket # EERE-2008-BT-STD-0005. For more information, contact Ms. Brenda Edwards at
(202) 586-2945.
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3.2.2 Shipments, Lifetimes, and Energy Performance

Awareness of the market for BCs and EPSs is an important aspect of the development of
the standards rulemaking. Specifically, by understanding the number of units that ship every
year, the energy performance of those units, and how long the products will remain in use, DOE
can develop an inventory model for BCs and EPSs in the United Statesto use in its downstream
analyses. DOE used the base-year shipments, lifetimes, and market efficiency distributions
presented below to calculate life-cycle costs for each application at each CSL, as well as national
energy savings and net present value of consumer benefits from potential standards. See chapter
8 (life-cycle cost analysis), chapter 9 (shipments analysis), and chapter 10 (national impact
analysis) of the NOPR TSD for complete discussions of the methodologies of those analyses.

DOE relied on data from public sources, interested parties, industry reports, and its own
estimates to determine shipments, lifetimes and efficiency distributions. Where efficiency
distribution data were not provided, DOE relied upon product testing and other market research
to estimate base-case efficiency distributions. For BCs and EPSs, DOE compared each test result
to the proposed compliance curves for each CSL. DOE then divided the number of tested units at
agiven CSL by the total number of tested unitsto get the estimated percentage of unitsin the
market at that level. When there was a large enough sample of tested units for a particular
application, DOE derived an application-specific efficiency distribution. For EPSs, DOE also
calculated the distribution of tested units within the ranges of nameplate output power
corresponding to the representative units of analysis. For applications that DOE did not test,
DOE relied on product class (for BCs) or representative unit (for EPSs) distributions for usein
the energy use analysis and LCC analysis. DOE calculated a shipment-weighted average
efficiency distribution for each product class for use in the national impact analysis

3.2.2.1 External Power Supply Shipments, Lifetimesand Energy Performance

DOE estimates that atotal of 345 million EPSs shipped in 2009. Table 3-2 shows the
average lifetime and an estimate of the number of units shipped in 2009 for all seven of the EPS
product classes that DOE identified, as well as the four segments of product class B. See section
3.3.1 for a complete discussion of EPS product classes.

Table 3-2 External Power Supply Lifetimesand Shipments by Product Class

ID Product Class Description Average Lifetime EP(STﬁrgfgnegtS'nr:tg) 8
0-10.25 W 4.7 68,473
B DC Output, |[10.25-39 W 4.6 70,257
Basic Voltage | 39-90 W 4.1 47,559
91-250 W 3.7 7,021
C DC Output, Low Voltage 4.2 58,845
D AC Output, Basic Voltage 8.6 7,994
E AC Output, Low Voltage 4.9 2,250
X Multiple Voltage 5.0 7,677
H High Power 10.0 3
N Indirect Operation 5.1 74,782
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The following 10 tables show EPS shipment estimates and lifetimes for the top
applications in each product class. Product class B is subdivided into four segments by
nameplate output power.
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Table3-3 EPS Product Class B, 0-10.25 W: Top Applications, Shipments, and
Lifetimes
EPS Shipmentsin I
Top Applications by Shipments 2009 Average Lifetime
(Thousand Uniits) (Years)
1. | Answering Machines (Res.) 14,043 5.3
2. | Cordless Phones (Res.) 10,980 5.3
3. | Mobile Phones (Res.) 8,482 4.0
4. | Portable Video Game Systems (Res.) 6,482 3.0
5. | Beard and Moustache Trimmers (Res.) 5,288 4.5
Other 20,196 -
Total 68,473 4.7
Table3-4 EPS Product Class B, 10.25-39 W: Top Applications, Shipments, and
Lifetimes
EPS Shipmentsin I
Top Applications by Shipments 2009 Average Lifetime
(Thousand Units) (Years)
1. | LAN Equipment (Res.) 15,464 4.0
2. | Digital Picture Frames (Res.) 9,133 5.0
3. | MP3 Speaker Docks (Res.) 7,853 4.0
4. | Media Tablets (Res.) 6,302 4.0
5. | Vol P Adapters (Res.) 5,919 5.0
Other 25,586 -
Total 70,257 4.6

3-27




Table 3-5

EPS Product Class B, 39-90 W: Top Applications, Shi

ments, and Lifetimes

EPS Shipmentsin o
Top Applications by Shipments 2009 Average Lifetime
(Thousand Units) (Years)
1. | Notebook Computers (Comm.) 11,569 3.7
2. | Video Game Consoles (Res.) 11,515 5.0
3. | Notebook Computers (Res.) 9,466 3.7
4. | Netbook Computers (Comm.) 4772 3.7
5. | Netbook Computers (Res.) 3,904 3.7
Other 6,334 -
Total 47,559 4.1
Table 3-6 EPS Product Class B, 91-250 W: Top Applications, Shipments, and Lifetimes
EPS Shipmentsin _—
Top Applications by Shipments 2009 Average Lifetime
(Thousand Units) (Years)
1. | Notebook Computers (Comm.) 3,856 3.7
Notebook Computers (Res.) 3,155 3.7
3. | Portable O2 Concentrators (Res.) 9 11.0
Total 7,021 3.7
Table 3-7 EPS Product Class C: Top Applications, Shipments, and Lifetimes
EPS Shipmentsin o
Top Applications by Shipments 2009 Average Lifetime
(Thousand Units) (Years)
1. | Mobile Phones (Res.) 29,685 4.0
2. | Smartphone (Res.) 8,747 4.0
3. | Mobile Phone (Comm.) 3,298 4.0
4. | Consumer Two-Way Radios (Comm.) 2,959 5.0
5. | Digital Cameras (Res.) 2,346 6.0
Other 11,809 -
Total 58,845 4.2
Table 3-8 EPS Product ClassD: Top Applications, Shipments, and Lifetimes
EPS Shipmentsin I
Top Applications by Shipments 2009 Average Lifetime
(Thousand Units) (Years)
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1. | Home Security Systems (Res.) 4,219 10.0
2. | Aquarium Accessories (Res.) 1,348 5.0
3. | Water Softeners and Purifiers (Res.) 1,150 10.0
4. | Indoor Fountains (Res.) 500 4.7
5. | Aquarium Accessories (Comm.) 403 5.0
6. | Irrigation Timers (Res.) 375 10.0
Total 7,994 8.6
Table 3-9 EPS Product Class E: Top Applications, Shipments, and Lifetimes
EPS Shipmentsin I
Top Applications by Shipments 2009 Average Lifetime
(Thousand Units) (Years)
Aquarium Accessories (Res.) 1,347,500 5.0
Indoor Fountains (Res.) 500 4.7
3. | Aquarium Accessories (Comm.) 403 5.0
Total 2,225 4.9
Table3-10 EPSProduct Class X: Top Applications, Shipments, and Lifetimes
EPS Shipmentsin I
Top Applications by Shipments 2009 Average Lifetime
(Thousand Units) (Years)
1. | Video Game Consoles 7,678 5.0
Total 7,678 5.0
Table3-11 EPSProduct ClassH: Top Applications, Shipments, and Lifetimes
EPS Shipmentsin o
Top Applications by Shipments 2009 Average Lifetime
(Thousand Units) Ve
1. | Amateur Radios 10.0
Total 10.0
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Table3-12 EPSProduct ClassN: Top Applications, Shipments, and Lifetimes

EPS Shipmentsin I
Top Applications by Shipments 2009 Average Lifetime
(Thousand Units) (Years)
1. | Rechargeable Toothbrushes (Res.) 15,000 5.0
2. | Bluetooth Headsets (Res.) 11,815 5.0
3. | Shavers (Res.) 6,492 4.1
4. | Smartphones (Res.) 5,248 4.0
5. | DIY Power Tools (Integral) (Res.) 4,441 5.9
Other 31,786
Total 74,782 54

Table 3-13 shows the distribution of EPS shipments by efficiency level in 2009. These efficiency
distributions are shipment-weighted averages of the efficiency profiles assigned to each
application within the product class or representative unit of analysis. DOE tested 116 EPSs with
output power ranging from 1.2 W to 135 W. DOE had sufficient test data to develop application-
specific EPS efficiency distributions for the following applications. notebook computers,
external hard drives, ink jet imaging equipment, LAN equipments, mobile phones, digital picture
frames, and portable DVD players. DOE developed market efficiency distributions for amateur

radios and video game consoles based on manufacturer interviews. For the remaining

applications, DOE assumed efficiency distributions at the representative unit level. See

BCEPS Market NOPR.xlIsx for a complete presentation of DOE’s efficiency distribution

calculations.

Table3-13 Energy Performance of New External Power Suppliesin 2009

Percent of Market at Each CSL

ID Product Class Description csLolesl 1 les 2 lest 3 lesl a

DC 0-10.25W 84% 7% 6% 3% 0%
B Output, |10.25-39 W 39% | 33% 18% 10% 0%

Basic 39-90 W 37% | 46% 17% 1% 0%

Voltage |91-250 W 51% | 27% | 18% | 3% 0%
C DC Output, Low Voltage 85% | 10% 2% 3% 0%
D AC Output, BasicVoltage | 48% | 31% 17% 4% 0%
E AC Output, Low Voltage 61% | 22% 13% 4% 0%
X Multiple Voltage 5% 95% 0% 0% -
H High Power 50% | 50% 0% 0% -
N Indirect Operation - - - - -
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3.2.2.2 Battery Charger Shipments, Lifetimesand Energy Performance

DOE estimates that 437 million BCs shipped in 2009. See section 3.3.2 for acomplete

discussion on BC product classes.

Table 3-14 shows the average lifetime and an estimate of the number of units shipped in
2009 for each of the ten BC product classes DOE defined. See section 3.3.2 for a complete

discussion on BC product classes.

Table3-14 Battery Charger Lifetimesand Shipments by Product Class

BC
Shipmentsin
Battery Average
ClassID Battery Energy . 2009
Voltage Lifetime (Thousand
Units)
1 Inductive 5.0 15,100
Connection
2 <100 Wh <4V 3.6 249,018
3 4<10V 4.6 23,060
4 [ACDC 10V 38 60,026
5 <20V 5.0 4,866
6 100-3000 Wh >20V 8.6 624
7 >3000 Wh 3.8 211
8 <9V Input 3.6 65,210
9 DC-DC >9 V Input 5.0 9,583
AC Output
10 AC-AC from 7.3 8,000
Battery

The following ten tables show BC shipment estimates and lifetimes for the top

applications in each product class.

Table3-15 BC Product Class 1: Top Applications, Shipments, and Lifetimes

BC Shipmentsin o
Top Applications by BC Shipments 2009 Average L(l:‘(e;r:s()e
(Thousand Units)
Rechargeable Toothbrushes (Res.) 15,000 5.0
2. | Rechargeable Water Jets (Res.) 100 5.0
Total 15,100 5.0
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Table3-16 BC Product Class 2: Top Applications, Shipments, and Lifetimes
BC Shipmentsin o
Top Applications by Shipments 2009 ALY L(':(e;r:;
(Thousand Units)
1. | Mobile Phones (Res.) 67,852 2.0
2. | Smartphones (Res.) 34,989 2.0
3. | Digital Cameras (Res.) 20,023 6.0
4. | Answering Machines (Res.) 14,043 5.3
5. | Cordless Phones (Res.) 10,980 5.3
Other 101,132 -
Total 249,018 3.6
Table3-17 BC Product Class 3. Top Applications, Shipments, and Lifetimes
SC SNIEMELSIT Average Lifetime
Top Applications by Shipments 2009 (Years)
(Thousand Units)
1. | Camcorders (Res.) 4,700 4.9
2. | Toy Ride-On Vehicles (Res.) 4,045 4.0
3. | Portable DVD Players (Res.) 3,703 4.0
4. | DIY Power Tools (Integral) (Res.) 2,221 5.9
5. | RC Toys (Res.) 2,100 2.0
Other 6,292 -
Total 23,060 4.6
Table3-18 BC Product Class4: Top Applications, Shipments, and Lifetimes
BC Shipmentsin o
Top Applications by Shipments 2009 A L(l:‘(e;rrrg
(Thousand Units)
1. | Notebook Computers (Comm.) 15,425 3.7
2. | Notebook Computers (Res.) 12,621 3.7
3. | Professional Power Tools (Res.) 7,597 3.0
4. | Netbook Computers (Comm.) 4772 3.7
5. | DIY Power Tools (External) (Res.) 4,470 5.9
Other 16,041 -
Total 60,926 3.8
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Table 3-19

BC Product Class5: Top Applications, Shipments, and Lifetimes

SC SNIEMELSIT Average Lifetime
Top Applications by Shipments 2009 (Years)
(Thousand Units)
1. | Toy Ride-On Vehicles (Res.) 4,045 4.0
2. | Auto/Marine/RV Chargers (Res.) 500 10.0
3. | Mobility Scooters (Res.) 192 9.7
4. | Wheelchairs (Res.) 125 9.7
5. | Portable Oxygen Concentrators 5 11.0
Total 4,866 5.0
Table3-20 BC Product Class 6: Top Applications, Shipments, and Lifetimes
SC SNIEMELSIT Average Lifetime
Top Applications by Shipments 2009 (Years)
(Thousand Units)
1. | Electric Scooters (Res.) 250 9.7
2. | Lawn Mowers (Res.) 182 6.0
3. | Motorized Bicycles (Res.) 150 9.7
4. | Wheelchairs (Res.) 42 9.7
Total 624 8.6
Table3-21 BC Product Class 7: Top Applications, Shipments, and Lifetimes
BC Shipmentsin I
Top Applications by Shipments 2009 ALY L'\f(e“me
(Thousand Units) (e,
1. | Golf Carts (Comm.) 188 3.5
2. | Golf Carts (Res.) 22 6.5
Total 211 3.8
Table3-22 BC Product Class 8: Top Applications, Shipments, and Lifetimes
SC SNIEMELSIT Average Lifetime
Top Applications by Shipments 2009 (Years)
(Thousand Units)
1. | MP3 Players (Res.) 36,091 4.0
2. | Mobile Phones (Res.) 16,963 2.0
3. | Digital Cameras (Res.) 5,006 6.0
4. | Mobile Phones (Comm.) 1,885 2.0
5. | Camcorders (Res.) 1,567 4.9
Other 3,699 -
Total 65,210 3.6
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Table 3-23

BC Product Class 9: Top Applications, Shipments, and L ifetimes

SC SNIEMELSIT Average Lifetime
Top Applications by Shipments 2009 (Years)
(Thousand Units)
1. | InVehicle GPS (Res.) 9,484 4.9
2. | Flashlightsg/Lanterns (Res.) 50 10.0
3. | Medical Nebulizers (Res.) 45 11.0
4. | Portable O2 Concentrators (Res.) 5 11.0
Total 9,583 5.0
Table3-24 BC Product Class 10: Top Applications, Shipments, and Lifetimes
BC Shipmentsin o
Top Applications by Shipments P 000 ALY L'\f(e“me
(Thousand Units) (e,
1. | Uninterruptible Power Supplies (Res.) 5,064 7.3
5 Uninterruptible Power Supplies 2936 73
(Comm.)
Total 8,000 7.3

Table 3-25 shows the distribution of BC shipments by efficiency level in 2009. These
efficiency distributions are shipment-weighted averages of the efficiency profiles assigned to
each application within the product class or representative unit of analysis. DOE tested 224 BCs
with battery energies ranging from less than 0.5 Wh to over 1100 Wh. DOE had sufficient test
datato develop application-specific BC efficiency distributions for the following applications:
MP3 players, notebooks, uninterruptible power supplies, in-vehicle GPS, mobile phones,
cordless phones, handheld vacuums, portable DV D players, universal battery chargers, lawn
mowers, rechargeable toothbrushes, shavers, DI'Y power tools (integral), DIY power tools
(external), professional power tools, wheelchairs, and marine/automotive/RV chargers. For the
remaining applications DOE assigned efficiency profiles based on the test results of a similar
application or the test results of other applications in the product class. The efficiency
distributions for product classes 6 and 7 are based on manufacturer interviews (discussed in
chapter 5). DOE assumed that all applications in product class 8 had similar efficiency profilesto
MP3 players. See BCEPS BC_Efficiency Distributions.xlsx for a complete presentation of

DOE’s calculations.
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Table3-25 Energy Performance of New Battery Chargersin 2009

Percent of Market at Each CSL
Sass 1D Battery Battery
Energy Voltage
CSLO | CSL1 CSL 2 CSL 3
1 Inductive
Connection | 78% 11% 11% 0%
2 <100 Wh | <4V 21% 26% 51% 3%
3 AC - 4<10V 20% | 71% W% 0%
4 bC >10V 1% | 45% 44% 0%
S 100— <20V 32% | 60% 8% 0%
6 3000 Wh >0 v 41% 33% 26% 0%
7 >3000 Wh 50% 50% 0% 0%
8 <9V Input 0 0 0 0
DC.DC p 50% | 40% 10% 0%
9 >9 Vinput | 250 50% 25% 0%
AC Output
10 AC-AC from 100% 0% 0% 0%
Battery

3.2.3 Other Energy Efficiency Programs

There are many domestic and foreign energy efficiency programs designed to improve
the energy performance of BCs and EPSs. Those programs that might affect the United States
market are discussed below, first EPS and then BC programs. Information about these programs
informed DOE’ s base case efficiency forecasts, which it developed as part of the shipments
analysis (see chapter 9).

The first mandatory energy efficiency standards for EPSs were introduced in California
and Oregon in 2007. On December 19, 2007, the President signed into law the Energy
Independence and Security Act of 2007 (EISA 2007) (P.L. 110-140), which set a Federal
standard for Class A EPSsthat took effect on July 1, 2008. Because the EPS market is global,
this standard led to improvements in the efficiency of EPSs sold worldwide. Furthermore, the
standard, while intended to regulate only Class A EPSs, is likely having a spillover effect on the
efficiency of BCs and non-Class A EPSs. The standard for Class A EPSs has increased the
demand for, and lowered the cost of, some of the more efficient components and has stimulated
the adoption of improved designs. Because some of the same techniques and components are
used to manufacture both Class A EPSs and other EPSs and BCs, DOE assumes that some of
these components and designs are being carried over into the design and manufacture of BCs and
non-Class A EPSs.
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In the United States, manufacturers can use the ENERGY STAR label to differentiate
more-efficient EPSs from less efficient ones. Version 2.0 of the ENERGY STAR criteria for
EPSstook effect on November 1, 2008. In calendar year 2009, EPA estimated that ENERGY
STAR qualified EPSs made up 59 percent all EPSs sold in the United States, which was an
increase from 47 percent in 2008.%° As of September 15, 2009, there were already over 3,000
qualified models.*” EPA decided to sunset the EPS specification effective December 31, 2010;
however, the ENERGY STAR criteriafor certain other end-use products will continue to require
the use of highly efficient EPSs.®

In April 2010 an EPS standard that is equivalent to the current Federal standard for Class
A EPSstook effect in the European Union. In April 2011 a more stringent standard, equivalent to
version 2.0 of the ENERGY STAR criteria, took effect. The Darnell Group estimates that the
E.U. will receive 33 percent of all EPS shipments in 2011, which is nearly equivalent to the
North American share of shipments. Given the size of the E.U. market, EPS standards there will
likely cause spillover effects, increasing the efficiency of EPSs sold in the United States.

Additionally, arecent industry agreement for mobile phones known as the “GSMA
Universal Charging Solution” could drive down the energy consumption of EPSs used with these
products. The agreement incorporates a no-load (“standby”) power consumption requirement
that is stricter than both the current Federal standard and ENERGY STAR criteria

ENERGY STAR iscurrently the only efficiency program for BCs in the United States.
Because the criteria, which took effect on January 1, 2006, do not cover active mode, they cannot
be directly compared to the CSLs in DOE’ s analysis. EPA estimated that the market penetration
of ENERGY STAR qualified BCs increased from 16 percent in 2008 to 27 percent in 2009. * As
of January 2011, there were over 200 qualified models.*

The California Energy Commission (CEC) has announced BC standards that include
active mode. Small, noncommercial battery chargers sold in Californiawill need to comply with
these standards beginning February 1, 2013. Because California accounts for 13% of U.S. GDP,
it can be assumed that California also accounts for approximately 13% of the U.S. market for
battery chargers. These standards will impact the efficiency of least that proportion of the U.S.
market, but it is uncertain whether the standards will affect the market outside of California

DOE encourages interested parties to inform DOE of other upcoming or updated
programs that may impact the energy efficiency of BCs and EPSs sold in the United States.
Table 3-26 summarizes a number of voluntary and mandatory energy efficiency programs for
BCs and EPSs. For detailed information on these programs, please refer to appendix 3B.
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Table 3-26

BC and EPS Efficiency Programs Worldwide

Country / Program Name Effective Date | Compliance Coverage
State
us EISA 2007 2008 Mandatory EPS
ENERGY STAR 2006 (BC) Voluntary BC, EPS
2008 (EPS)
California Tier || Standard for “State | 2008 Mandatory EPS
Regulated” EPSs
Battery Charger Standard 2013 Mandatory BC
Australia/ Minimum Energy 2008 (AU) Mandatory EPS
New Zealand Performance Standards 2009 (N2) (Mark 111)
Voluntary
(Mark 1V, V)
Canada Canadian Standards 2010 Mandatory EPS
Association
China National Development and | 2007 Mandatory EPS
Reform Commission
(NDRC)
China Standard 2005 Voluntary EPS
Certification Center (CSC)
European Commission Regulation 2010 (Stage 1) | Mandatory EPS
Union (EC) 278/2009 2011 (Stage 2)
Commission Regulation 2010 (Stage 1) | Mandatory BC, EPS
(EC 1275/2008 2011 (Stage 2) (standby
and off-
mode)
EU Code of Conduct 2009 Voluntary EPS
Group for Energy Efficient | 2007 Voluntary BC, EPS
Appliances
Manufacturers | GSMA Universal 2012 Voluntary EPS
Agreement Charging Solution (mobile

phones)
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Country / Program Name Effective Date | Compliance Coverage
State

|srael Sl 4665.2 2007 Voluntary EPS
Korea Minimum Energy 2009 Mandatory EPS
Performance Standards
e-Standby 2007 Voluntary BC, EPS

3.2.4 Production and Distribution

DOE’s BC and EPS distribution models were created based on information gathered
through market research, conversations with industry experts, and stakeholder feedback. The
Association of Home Appliance Manufacturers and others commented that, despite several ways
to market, most BCs and EPSs follow a similar distribution path. The most common path to
market, asidentified by DOE, is depicted by the gray arrowsin Figure 3.1, while alternative
paths are depicted by the white arrows. The distribution channels DOE identified are discussed
below.

BC and EPS distribution begins with component manufacturers, who produce the
circuitry, circuitry components, wiring, housing, and other materials needed to manufacture BCs
and EPSs. DOE learned that demand for specific components can drive their prices down. Thisis
sometimes the case for components used to make a BC or EPS more efficient. Given greater
demand for efficient components, due to an efficiency standard, for example, component
manufacturers increase production and the increased scale causes prices to fall.

Components are often sold directly to BC/EPS manufacturers, who produce a finished
BC or EPS, often for a specific end-use product manufacturer. Although less common, some
BCs or EPSs may be manufactured directly by the end-use product manufacturer (OEM). DOE
does not have data on the total size of the BC industry, but the Darnell Group estimated the size
of the EPS industry. It estimated that in 2005, over 300 manufacturers worldwide made EPSs.
Most of these manufacturers are located abroad. In the aggregate, their revenues totaled
$5 billion in 2005 and $6.7 billion in 2008.***° 1t should be noted that many of these
manufacturers also produce other products, including BCs and internal power supplies, so it is
difficult to get an exact value of EPS market size.
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[ Consumer Product Retailer/Distributor ]
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Consumer

*Note that widths of arrows are not drawn to scale and are not meant to be an exact indication of a distribution
path’ srelative prominence.

Figure3.1  Pathsof Distribution for Battery Chargersand External Power Supplies

BCs and EPSs are then typically purchased by an end-use product manufacturer,
henceforth known as the original equipment manufacturer, or OEM, as an input to an end-use
consumer product. The BC and/or EPS is typically packaged with a consumer product, or
especially in the case of some BCs, integrated into the consumer product.

Retailers typically purchase BCs and EPSs from OEMs and sell the products to
consumers, though DOE has identified a number of instances where the manufacturing and retail
operations for a product are owned and managed by one company. An example is Apple, which
manufactures its own consumer electronics for sale in its own Apple-branded retail stores.

In addition to the standard distribution chain described above, market research and stakeholder
comment revealed additional BC and EPS distribution channels. These are discussed below.
DOE found that many OEMs with low production volumes opt to purchase BCs or EPSs from
distributors because they provide easy access to awide array of components. Because sourcing
BCs and EPSsthrough a distributor may be more costly, most OEMs with larger production
volumes eliminate this step by working directly with component and BC/EPS manufacturers.
DOE also notesthat while most consumer products are manufactured in an OEM-owned factory,
there is atrend towards the use of electronics manufacturing services (EMSs). OEMs can take
advantage of greater economies of scale in source materials and components by contracting out
the manufacture of specific consumer applications to an EMS. EM Ss achieve these economies of
scale by producing similar products for several OEMSs.
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3.25 Small Businesses

During this rulemaking process, DOE is considering the possible impacts to small
businesses that may be imposed by increased energy conservation standards for battery chargers
and external power supplies. The Small Business Administration (SBA) determines appropriate
guidance asto what is considered a small business for all industries described under the North
American Industry Classification System (NAICS)™M. BC and EPS manufacturers fall under
NAICS code 335999 (All Other Miscellaneous Electrical Equipment and Component
Manufacturing). DOE also searched for small businesses that are manufacturers of applications
that include covered battery chargers under the following NAICS codes: 334310 (Audio and
Video Equipment Manufacturing), 334210 (Telephone Apparatus Manufacturing), 334111
(Electronic Computer Manufacturing), 336991 (Motorcycle, Bicycle and Parts Manufacturing),
336332 (Other Motor Vehicle Electrical and Electronic Equipment Manufacturing), 335212
(Household Vacuum Cleaner Manufacturing), 333112 (Lawn and Garden Tractor and Home
Lawn and Garden Equipment Manufacturing), 333991 (Power-Driven Hand Tool
Manufacturing), and 335912 (Primary Battery Manufacturing). Based on these codes, SBA
defines a BC or an EPS manufacturer to be a small business if it employs no more than 500, 750,
or 1,000 employees, depending on the industry.

3.2.6 Manufacturersand Market Shares

The Darnell Group estimated revenues of the top EPS manufacturers in their 2005 report
on the EPS market. They noted that the great majority of EPS manufacturing takes place in
China and Taiwan. Furthermore, many of the largest manufacturers are also based in Asia.
Figure 3.2 shows the top EPS manufacturers worldwide in 2005.** Because of the global reach of
the industry and the reliance of major manufacturers on producing for high volume applications,
Darnell notesthat there are very few differences in regional market shares. In 2005, there were
over 300 manufacturers producing EPSs. DOE learned that the industry has seen consolidation,
but it found that the manufacturers shown in Figure 3.2 remain independent of one another. None
of the top manufacturers listed in Figure 3.2 are headquartered in the United States. DOE
identified SL Power Electronics, asubsidiary of SL Industries, Inc., as an EPS manufacturer
based in the United States. SL Power develops, manufactures, and markets products under the
brand names CONDOR™ and AULT®. DOE also recognizes that some EPSs for niche
applications may be manufactured in the United States.

™ For amore detailed description of SBA’s small business definitions, see
http://www.sba.gov/idc/groups/public/documents/sba._homepage/sba. 010224. pdf
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B Delta Electronics 9.4%

H Lite-on Technology 7.2%
Astec 5.8%
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® Phihong 5.0%
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Leader Electronics 2.8%
AcBel Polytech 2.1%
FSP Group 1.9%
Dee Van Enterprises 1.8%
Others 55.3%

<

Figure3.2  Top EPS Manufacturers: Sharesof Global Revenuein 2005

Battery charger manufacturing is split between companies that produce BCs for OEMs
and OEMs that produce BCs “in house.” DOE currently lacks market share information for BC
manufacturers but it gathered some data from its manufacturing interviews (discussed in chapter
5). DOE learned that in most cases low-energy BCs are not produced by the OEM of the end-use
product; rather, they are purchased from an original device manufacturer (ODM), supplier, or
vendor typically based in Asia. Conversely, medium and high energy products BCs, such as
those for wheelchairs and golf cars, are typically manufactured in the U.S. For example, Lester
Electrical manufactures BCs for both wheelchairs and golf cars and has U.S.-based
manufacturing. Xantrax Technology Inc. is based in Canada, but has facilitiesin the U.S. They
produce BCs for marine applications. Many power tool OEMs also have some U.S.-based
manufacturing. Companies include Black & Decker, TTI (maker of Milwaukee, Ryobi, and
Hoover brand products), and the Robert Bosch Tool Corporation (Bosch, Skil).

3.2.7 Trade Associations and Other Interested Parties

DOE has identified a number of organizations that may have an interest in this
rulemaking. Energy efficiency advocacy organizations with a demonstrated interest in DOE’s
rulemakings on battery chargers and external power supplies include:

e Appliance Standards Awareness Project,

e American Council for an Energy-Efficient Economy,
e Earthjustice,
e Natural Resources Defense Council,
e Pacific Gas and Electric Company, and
e Southern California Edison.
There are a substantial number of trade associations with member companies that

manufacture or sell BCs, EPSs, or the consumer products they power. DOE has identified 40
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such trade associations, listed in Table 3-27 along with the products that DOE believes each

association has an interest in.

Table3-27 Trade Associations

Association Name

Productsand Applications

AdvaMed

Medical Devices

Alarm Industry Communications Committee

Home Security Systems

Amateur Radio Relay League (ARRL)

Amateur Radios

American Association of Cleaning Equipment
Manufacturers

Floor Care Appliances

Association of Home Appliance Manufacturers
(AHAM)

Home Appliances

Battery Council International

Batteries

Cellular Telecommunications Industry Association
(CTIA)

Cell Phones

Computer and Communications Industry Association

Computers and Peripherals

Consumer Electronics Association (CEA)

Consumer Electronics

Craft and Hobby Association

RC Cars (Hobby Grade)

Electric Drive Transportation Association

Electric Vehicles

Electronic Components Association

Battery Chargers, External Power
Supplies

Hobby Manufacturers Association

RC Cars (Hobby Grade)

Information Technology Industry Council (ITIC)

Computers and Peripherals

International Disk Drive Equipment and Materials
Association

External Media Drives, External Hard
Drives

International Housewares Association

Kitchen Appliances, Floor Care,
Personal Care

International Music Products Association

Keyboards, Guitar Effects Pedals,
Electric Music Instruments

International Recording Media Association

International Recording Media
Association

Irrigation Association

Irrigation Timers

Juvenile Products Manufacturers Association

Prenatal to Preschool Electronics

Medical Device Manufacturers Association (MDMA)

Medical Devices

Motorcycle Industry Council

Electric Scooters

Multifunction Products Association

Multifunction Devices (MVD's)

National Association of Manufacturers (NAM)

All

National Bicycle Dealers Association

Electric Bicycles

National Burglar & Fire Alarm Association

Home Security Systems

National Electrical Manufacturers Association
(NEMA)

All

National Gardening Association

Outdoor Appliances

National Marine Manufacturers Association

Marine Electronics

National Pest Management Association

Electronic Pest Repellents
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Association Name

Productsand Applications

National Retail Federation

All

Portable Computer and Communications Association

Notebooks, Netbooks, Handheld
Computers, Mobile Phones, Bluetooth

Portable Rechargeable Battery Association (PRBA)

Batteries

Power Sources Manufacturers Association (PSMA)

Batteries, Power Supplies

Power Tool Institute (PTI)

DIY Power Tools, Professional Power
Tools

Security Industry Association Home Security Systems
TechAmerica ALL
Telecommunications Industry Association Telephony

The National Mobility Equipment Dealers Association | Electric Wheelchairs

Toy Industry Association

RC Toys, Toy Ride-On Vehicles
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3.3 PRODUCT CLASSES

When necessary, DOE divides covered products into classes by the type of energy used,
the capacity of the product, and any other performance-related feature that justifies different
standard levels, such as features affecting consumer utility. (42 U.S.C. 6295(q)) DOE then
conducts its analysis and considers establishing or amending standards to provide separate
standard levels for each product class.

3.3.1 EPSProduct Classes

The following sections summarize all of the factors that DOE considered as determinants
for EPS product classes. When discussing EPS efficiency, DOE refers to efficiency as the
matched pairing of active-mode average efficiency and no-load mode power consumption.

3.3.1.1 Nameplate Output Power

Nameplate output power is a measure of the maximum power that an EPS can deliver,
which directly impacts capacity and efficiency. EPSs with greater nameplate output power offer
the consumer greater capacity and tend to have higher active-mode average efficiency. EPSs
with lower nameplate output power tend to have lower no-load power consumption.

EPS active-mode average efficiency reflects the power consumption (loss) within an
EPS, which comes from two sources: conversion losses and overhead losses. Conversion losses
are proportional to the power that the EPS outputs whereas overhead losses are essentially fixed
losses that do not increase significantly once output power is greater than 49 watts. Therefore,
EPSs with higher output powers have proportionally lower overhead losses and are more
efficient, when compared to EPSs with lower output power. In contrast to average efficiency,
EPS no-load power consumption improves (is less) for EPSs with nameplate output power less
than 50 watts because those EPSs have lower overhead requirements and can therefore shut
down more fully when not providing output power. Because of these factors, both the EISA
standard and the Energy Star 2.0 specification determine a minimum efficiency level asa
continuous function of nameplate output power, as shown by the average efficiency levelsin
Figure 3.3 and the no-load power levels in Figure 3.4. DOE acknowledges that nameplate output
power significantly affects utility and efficiency. However, rather than create distinct product
classes by nameplate output power, DOE followed the precedent set by EISA and Energy Star
2.0 and has proposed an efficiency standard level that is a continuous function of nameplate
output power.
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Figure3.3 The EISA Standard and Energy Star 2.0 Specification for Average
Efficiency”

Y Energy Star 2.0 describes the two specification levels as “standard” and “low voltage.” Because DOE uses
“standard” asaterm of art, the Energy Star 2.0 “standard” level isreferred to asthe Energy Star 2.0 “regular” level
throughout this document.
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Figure3.4 The EISA Standard and Energy Star 2.0 Specification for No-Load
Power Consumption

3.3.1.2 Nameplate Output Voltage

Nameplate output voltage affects utility because the main function of an EPS isto
provide an application with power at a certain voltage rather than the 115 volts provided by
mains. The specific nameplate output voltage is determined by the characteristics of the
application. For instance, certain applications such as modems and computer monitors have
digital circuitry that requires specific power at a specific voltage, such as 12 V. For these
applications the EPS provides power at the necessary voltage. Therefore, output voltage offers
consumers a distinct utility that affects efficiency, which is one of the factors highlighted for
special consideration under 42 U.S.C. 6295(q)(1).

EPSs with higher output voltage will tend to be more efficient. This arises because of the
relationship between power, voltage, and current: power (P) = current (1) x voltage (V). For an
EPS with a given output power, the voltage decreases as current increases. This is important
because many of the losses in a BC or an EPS are functions of current. For instance, the resistive
losses through awire are 1% x R and the power consumption of adiode is| X V goge. Table 3-28
illustrates this phenomenon. In the example, EPS A’ s output voltage is half that of EPS B’s, but
EPS A’s|? x R losses are four times as high. Although the example is for a 20-watt EPS, it is
applicable to all EPSs because they all have 1% x R losses,

Table3-28 Comparison of 12 x R L osses for Two 20-watt EPSs

Nameplate Output Voltage | Nameplate Output Current | x R Losses
[volts] [amps] [watts]
EPSA | 10 2 4 xR
EPSB | 20 1 1xR
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Energy Star 2.0 acknowledged the relationship between voltage and efficiency by setting
less stringent active-mode average efficiency criteria for EPSswith low voltage and high current
output (Figure 3.3). Energy Star 2.0 defined “low voltage” models as EPSs with nameplate
output voltage less than six volts and nameplate output current greater than or equal to 550
milliamps. Figure 3.5 showsthe distribution of EPSs qualifying for Energy Star 2.0 as of 2009;
many low-voltage EPSs would not have qualified at the basic voltage level. DOE created
different product classes for EPSs with basic-voltage output and low-voltage output using the
Energy Star criteria to define low-voltage EPSs because the criteria adequately captures many
low voltage EPSs in the market and to follow precedent.

100%

<
90%

80% - < Standard EPSs

o LowVoltage EPSs

e EnergyStar 2.0
Standard

e EnergyStar 2.0 Low-
Voltage

= E|SA Level

Efficiency [%]
g

50% 4

40% -#
0 20 40 60 80 100

Power Out [Watts]
Figure3.5 EPSsQualifying for Energy Star 2.0 as of September 2009.

3.3.1.3 Type of Power Conversion (AC/AC versus AC/DC)

All EPSsreceive input power from mains in the form of alternating current (AC) and
provide output power in the form of either AC power or direct current (DC) power. Thisis
another key functionality of an EPS, along with providing power at a specific voltage. Again, the
type of power the EPS provides is governed by its application. Applications such as mobile
phones and laptops require DC power to match the type of power provided by the battery.
Applications that tend to use EPSsthat provide AC power, such as cordless phones, often have
circuitry within the application that convertsthe EPS' s AC output into DC power.

The type of power conversion is indicative of an EPS's internal circuitry, and therefore
its ability to conserve energy. EPSs that provide AC output power typically consist of just a
transformer. The no-load power losses of those EPSs are dominated by transformer core losses.
Alternatively, EPSsthat provide DC power output typically contain a transformer as well as
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overhead circuitry that controls the flow of power through the EPS. Overhead circuitry provides
EPSs with DC-output power the ability to reduce power consumption in no-load mode whereas
EPSs with AC-output power do not typically contain overhead circuitry. Energy Star 2.0
acknowledges this relationship by setting a less stringent no-load mode power consumption
criterion for EPSs with AC output power (Figure 3.4). DOE created different product classes for
EPSs with AC output power and DC output power based on the Energy Star 2.0 precedent.

3.3.1.4 Use with M edical Equipment

EPCA excluded any device that “requires Federal Food and Drug Administration listing
and approval as a medical device in accordance with section 513 of the Federal Food, Drug, and
Cosmetic Act (21 U.S.C. 360c)” from the definition of Class A EPSs and their corresponding
energy efficiency standards. (42 U.S.C. 6291(36)(C)(ii)(1)) Thus, all EPSs used with medical
devices must meet the special requirements of UL 60601 (Underwriters Laboratories standard for
power supplies for medical devices) such that they are approved by the Federal Food and Drug
Administration (FDA).

Use with medical devicesisa utility that is unique to medical EPSs. For that reason, DOE
created a separate product class for EPSs used in medical devices during the preliminary
analysis. However, DOE found that there were no inherent technical differences between them
and Class A EPSs. Since that time, DOE has grouped medical EPSs with the four product classes
that were previously composed of just Class A EPSs. DOE believes this is appropriate because
the same technology options apply to both Class A and medical EPSs making them
technologically equivalent. Therefore, medical EPSs can meet the same efficiency standards as
Class A EPSs and should adhere to the same product class divisions,

3.3.1.5 Multiple Voltage and High Power EPSs

EPCA also excluded EPSsthat convert AC mains power into more than one output
voltage and EPSs with a rated output power greater than 250 watts from the definition of Class A
EPSs. Astheir name intimates, multiple voltage EPSs can provide more than one output voltage
to an end-use application simultaneously, providing an additional utility to the consumer. Asa
result of this added utility, DOE has created a separate product class for these devices. As for
high power EPSs, or those with a nameplate rating greater than 250 watts, DOE has also created
a separate product class. As discussed in DOE’ s determination analysis, DOE found that the
topologies generally used in these higher power devices differed from those considered to be
Class A EPSs. Asaresult, DOE believed it was likely that different technology options may be
applicable to these devices and therefore, examined them separately.

3.3.1.6 Indirectly Operating an Application

One final characteristic that DOE examines when establishing its product classesis the
ability of an EPSto directly operate its end-use application. In order to determine if a product
meets this characteristic, DOE has developed a procedure that is outlined in Appendix 3C. The
procedure in Appendix 3C determines an EPS's ability to directly operate an end-use application
by monitoring the flow of power from the EPSto the application. Figure 3.9 shows a flow chart
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of an EPS that directly operates an application while Figure 3.7 shows a flow chart of an EPS
that indirectly operates an application.

Other parts
of the
Application

1

Application

Figure3.6  EPSthat can directly power the application

Other parts
of the
Application

Application

Figure3.7 EPSwhose power all flowstotheBC

The EPS is evaluated based on its ability to operate the application once the battery has
been fully discharged while taking into account the time required before the application can
operate. By comparing startup times under fully charged and fully discharged battery conditions,
the procedure acknowledges firmware limitations or bias conditions which can temporarily
restrict power flow from the EPS to the application.

The expected result of the test procedure in Appendix 3C isthat direct operation EPSs
will be able to power the application regardless of the state of the battery while indirect operation
EPSs will need to charge the battery before the application can be used as intended. Recording
the time for the application to reach its intended use is necessary because certain applications,
typically smartphones, contain firmware that can delay operation of the application, but is not a
product of the state of charge on the battery. DOE believes the procedurein Appendix 3C for
classifying an EPS as direct or indirect is only necessary when the EPS can be connected to the
end-use application and the application contains a battery.

The vast mgjority of EPSs are considered direct operations EPSs, but for those products
that cannot directly operate their end-use product, DOE has created an additional product class.
These products offer a different utility from those that can directly operate an end-use product,
and such differences equate to changes in circuitry and topologies that also cause changesin the
technology options and cost versus efficiency relationship.
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3.3.1.7 EPS Product Classes

For all the reasons discussed above, DOE generated the seven EPS product classes listed
in Table 3-29. Under these product classes, an EPS's product class is determined by some special
characteristic (e.g. multiple voltage output) or the combination of its power conversion type and
its output voltage. DOE used the same criteriaas Energy Star 2.0 to distinguish low-voltage
EPSs from basic-voltage EPSs, as discussed in section 3.3.1.2. Within each product class, the
standard level will vary with nameplate output power with the exception of the product class for
high power EPSs, product class H, which will adopt a single efficiency standard level for all
EPSs with a nameplate output power greater than 250 watts.

Table3-29 EPSProduct Classes

Product Class Description Product Class L etter

AC/DC Basic Voltage

AC/DC Low Voltage*

AC/AC Basic Voltage

AC/AC Low Voltage*

Multiple Voltage

High Power

Z|T|XMOO|w

Indirect Operation

* Low voltage output EPSs have nameplate output voltage less than six volts and nameplate output current greater
than or equal to 550 milliamps. All other EPSs are basic voltage outpuit.

3.3.2 BC Product Classes

In this section, DOE presents the BC characteristics it considered for use in setting BC
product classes, the impacts of power converter topology on BC design, and finally, the resultant
product classes DOE used in the NOPR.

3.3.2.1 BC Product Class Criteria

When establishing product classes for BCs, DOE evaluated several product
characteristics againgt the statutory requirements for setting product classes laid out in 42 U.S.C.
6295(q). The various characteristics that DOE considered for BCs were:

output power;

battery voltage;

battery capacity;

battery energy;

inductive charging capability; and
automatic voltage regulation

The above factors were combined with additional factorsthat DOE took into account
based on its review of BCs in the market, including:

e input voltage type (line AC or low-voltage DC); and
e AC output.
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Output power, battery voltage, battery capacity, and battery energy apply to al BCs, and
are related through the following equations.

IDmax >~ Ebatt - T,
Epatt = Chatt * Vbatt

Where:

Prmax 1S the maximum output power, in watts,

Epat IS battery energy, in watt-hours,

r isthe charge rate, in units of C or 1/hour,

Chat IS the battery capacity, in ampere-hours, and
Vpat IS the battery voltage, in volts.

As can be seen in the above equations, the four BC characteristics are related. BC output
power is primarily affected by the charge rate and the battery energy, which inturn, isthe
product of battery capacity and voltage.

Of these BC characteristics, DOE uses battery voltage and battery energy as the primary
means of dividing product classes for the NOPR. In addition, DOE is also using input and output
characteristics, such as inductive charging capability, input voltage type (line AC or low-voltage
DC), and AC output to divide BCs into further product classes.

Battery voltage greatly affects consumer utility because the electronics of a portable
consumer product are designed to require a particular battery voltage. Whereas a change in
battery capacity would impact the runtime of a battery-operated product, a change in battery
voltage may stop it from running altogether. Furthermore, BCs charging lower-voltage batteries
tend to be less efficient, and could be disproportionately affected by an equally stringent standard
level across all voltages. Therefore, DOE uses battery voltage and not battery capacity as a
characteristic for setting product classes in the NOPR.

Whereas battery voltage specifies which consumer product applications can be used with
aparticular battery (and its corresponding BC), battery energy describes the total amount of
work that the battery can perform, regardless of the application. Battery energy istherefore also a
measure of utility. Furthermore, because a BC must provide enough output power to replenish
the energy discharged during use, the capacity and physical size of the BC depends on the
battery energy.” By using battery energy as a proxy for output power, DOE is using one criterion
for classifying BCs instead of two, ssimplifying the potential BC energy conservation standards
while sufficiently accounting for any differencesin BC capacity or utility in the standards
analysis.

Finally, DOE also uses the presence of inductive charging capabilities, DC input voltage,
and AC output from the battery as additional characteristics for setting product classes.

* The minimum output power isa product of battery energy and chargerate. However, while charge ratesrarely fall
outside therange of 1 C to 10 C, the battery energy of consumer BCs can span over 5 orders of magnitude from
1 watt-hour to over 10,000 watt hours. Therefore, the output power is more dependent on battery energy.
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Inductive charging is a utility-related characteristic designed to promote cleanliness and
guarantee uninterrupted operation of a BC in a wet environment. Inductive charging in a wet
environment is also a safety related feature because the end user is electrically isolated from
mains power.

While conducting an analysis of the market for BCs, DOE identified BCs that do not
include awall adapter, connecting instead to a personal computer’s USB port or acar’s cigarette
lighter receptacle. Because input voltage can have a differential impact on BC efficiency and,
furthermore, input voltage determines where the BC can be used, impacting utility, DOE uses
this characteristic as a criterion for developing further product classes beyond the ones specified
above. BCs differentiated on the basis of the aforementioned criteria have been further divided
based on input voltage in the NOPR analyses to account for the efficiency losses associated with
the AC-DC conversion process.

3.3.2.2 Impacts of Topology on Product Class Selection

As explained in the above discussion, battery voltage, battery energy, and the presence of
certain input or output characteristics (e.g., inductive charging) may impact the efficiency of
battery chargers. However, since they also affect the capacity and utility of a charger, DOE must
specify a separate standard level that takes into account any differences in energy consumption
due to differences in these characteristics. Whereas this is straightforward in the case of
inductive charging—i.e., there can be separate product classes with separate standards,
depending on whether a BC uses inductive charging—matters are more complicated in the case
of battery voltage and battery energy.

Battery voltage depends on the number and chemistry of electrochemical cellsin the
battery; while battery energy further depends on the amount of active material in the battery (i.e.,
its capacity). Because the size of the battery is infinitely variable, and the battery can contain a
large number of cells, it is possible to establish an arbitrary number of product classes based on
these criteria. While too many product classes would unnecessarily complicate the analysis and
any resultant energy conservation standards, too few product classes may lead to product classes
so large that the BCs that fall inside them have few characteristics in common. Because DOE
conducts its standards analysis by estimating the cost impacts of increasing the efficiency of a
representative unit, it is important that the product classes be delineated such that the products
within the class are similar to the representative unit.

To resolve the question of product class size, DOE examined the topology, or underlying
design, of the power convertersthat transform input voltage to DC voltage suitable for charging
abattery. The power converter topology affects which technology options can be practically used
to improve the efficiency of a BC. Even though converters of a given topology can vary
depending on capacity and other requirements, many of the technology options will remain
applicable. Basing its product classes on the underlying BC topology therefore allows DOE to
focus its BC standards analysis on a representative unit within each product class and extrapolate
the results for that unit to all products of a similar topology within the class.
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3.3.2.3 Uninterruptible Power Supply Battery Chargers

Uninterruptible power supplies are used only for emergency situations when power is lost
and users need time to safely shut down their electronic devices. Consequently, these devices
generally do not fully charge a completely depleted battery. Additionally, these devices typically
use integral batteries and generally remain on continuously. Because of itsrole in providing
power in emergency situations, the battery chargers within these devices primarily remain in
maintenance mode, which constitutes the most relevant portion of its energy consumption.

During manufacturer interviews with UPS producers, DOE discussed additional
functionality as it pertains to these devices. Manufacturers suggested that DOE classify UPSs
into three different categories: basic UPSs, UPSs that have automatic voltage regulation (AVR),
and UPSs that are extended-run capable (i.e., the ability to attach a second battery to increase
battery capacity within the UPS). After further investigation, DOE decided that two of these
categories were appropriate and warranted separate standards, but the third category (extended-
run UPSs), as it was simply representative of a change in battery capacity, could be accounted
for through its scaling methodology.

AVR UPSs use circuitry that monitors input voltage from the wall and ensures that all
products plugged into the UPS see a steady flow of voltage despite any fluctuations at the wall.
This circuitry provides added utility to the consumer by preventing any spikes or dipsin voltage,
but it comes at the expense of additional power consumption by the UPS. This additional power
consumption of the UPS is always on when the device is plugged in and it is indistinguishable
from the power consumption due to the battery charger within the UPS.

To account for these characteristics, DOE has divided its preliminary analysis product
class 10 into two product classes, one for basic UPSs and one for UPSsthat contain AVR
circuitry. However, even though DOE has created two product classes to account for these
categories of UPSs, the underlying engineering analysis and other downstream analyses for both
product classes isthe same. This assumption was used because the addition of AVR isirrelevant
to and inconsequential on UPS battery charger power consumption, yet it cannot be completely
disaggregated from that battery charger power consumption due to the integrated nature of the
circuitry components within a UPS. In other words, there is no technical reason why the battery
charger within a basic UPS should be different from the battery charger within a UPS with AVR
functionality. However, when the latter istested via DOE’s battery charger test procedure (76
FR 31750), it will demonstrate a higher maintenance mode power consumption and will not be
able to meet as stringent an energy efficiency standard as a basic UPS. Consequently, for all of
DOE’s analyses in this technical support document, battery chargers for UPSs are examined as
an aggregated product class, product class 10, rather than separately, however the proposed
standard for each product class is different. DOE seeks comment on its analytical approach and
whether separate classes are appropriate in this context.

3.3.2.4 Resaultant BC Product Classes

DOE first divided BCs into three groups by type of input and output: those with AC input
and DC output, those with DC input and DC output, and those with AC input and AC output.
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While many factors influence the choice of topology—including experience of the
designer, capabilities of the production facility, time to market, and cost of materials, among
others—output power also has a significant effect. Since output power is correlated to battery
energy, DOE researched power converter design guides and manufacturer literature and
evaluated BCs for various applications, in an attempt to generalize the division of topologies by
battery energy. Based on this initial review of topologies, DOE has divided BCs into three
battery energy product classes.

i. Battery energy lessthan 100 watt-hours. Most BCs for consumer products charge
batteries smaller than 100 watt-hours and typically rely on line-frequency and flyback
designs. Batteries tend to have lithium-ion or nickel chemistries.

ii. Battery energy greater than or equal to 100 watt-hours and less than 3,000 watt-
hours. BCsthat charge batteries in this range tend to use forward and half-bridge
power converter designs. They are used with wheelchair, marine, and lawn mower
applications that rely on sealed lead-acid batteries.

iii.  Battery energy greater than or equal to 3,000 watt-hours. BCsthat charge
batteries larger than 3,000 watt-hours tend to use ferro-resonant or full-bridge
designs. They are used with only one consumer application, mobility—i.e., golf cars
and utility vehicles, which use flooded lead-acid batteries.

Battery energy (and therefore topology) is not the only factor that determines the
practicality of technology options that can be used to increase the efficiency of a given BC.
Battery voltage not only constrains which end-use consumer product a given BC can service, as
mentioned above, it also impacts the design of the charger itself. In particular, while certain
technology options may be practical at one voltage, the same may not be true at another voltage,
even within the same topology.

Therefore, in the NOPR, DOE further divided the above battery-energy based product
classes by voltage, dividing the low-energy product class (number |, above) into low-, medium-,
and high-voltage product classes. Similarly, DOE divided the medium-energy product class
(number 1, above) into low- and high-voltage product classes. These product classes along with
the others used for the BC preliminary analysis are shown in Table 3-30.



Table3-30 BC Product Classes Analyzed

Special
Battery L
I nput/Output Characteristic | Product —
Type E(r\l/srh%y or Battery Class # Example Applications
Voltage
énductl\_/e 1 Toothbrushes
onnection
<100 <4V 2 Telephones
4-10V 3 Cameras and Small Tools
ACIn, >10V 4 Laptops and Large Tools
DC Out Marine Chargers,
100 - <20V ° Wheelchairs
3000 ~20V 6 Electric Bikes,
Lawnmowers
> 3000 - 7 Golf Cars
DC In, - <9V Input 8 USB Chargers
DC Out - >9 V Input 9 Car Chargers
AC In, i i 10a Uninterruptible Power
AC Out Supplies without AVR
AC In, i i 10b Uninterruptible Power
AC Out Supplieswith AVR

3.4 TEST PROCEDURES

Section 323 of EPCA (42 U.S.C. 6293) sets forth generally applicable criteria and
procedures for DOE’s adoption and amendment of test procedures, which manufacturers of
covered products must use to quantify the efficiency of their products and certify to the DOE that
their products comply with EPCA energy conservation standards. Also, these test procedures
must be used whenever testing is required in an enforcement action to determine whether
covered products comply with EPCA standards.

DOE has adopted test procedures for both BCs and EPSs. These are described inturnin
the sections below, along with a discussion of testing and efficiency metrics and their application
to the analysis of achievable performance.

3.4.1 EPSTest Procedures

On December 8, 2006, DOE codified atest procedure final rule for EPSs in appendix Z to
subpart B of 10 CFR Part 430 (“Uniform Test Method for Measuring the Energy Consumption
of External Power Supplies’). 71 FR 71340. DOE’s test procedure, based on the ENERGY
STAR EPS test procedure, measures active-mode efficiency and no-load mode (standby mode)
power consumption. In the standby and off mode test procedure NOPR for BCs and EPSs, 73 FR
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48054 (August 15, 2008), DOE proposed to amend the EPS test procedure to add a measurement
of power consumption in off mode, where, if the EPS has an on-off switch, the EPS is connected
only to mains and the switch is turned off. These amendments were included in the final rule,
published March 27, 2009. 74 FR 13335. DOE aso amended the EPS test procedure as part of its
revision to the BC test procedure. That final rule was published on June 1, 2011. 76 FR 31750.

Active-mode conversion efficiency isthe ratio of output power to input power. DOE
averages the efficiency of an EPS at four loading conditions—25, 50, 75, and 100 percent of
maximum rated output current. DOE also measures the power consumption of the EPS when
disconnected from the consumer product, which is termed no-load power consumption. If the
EPS has an on-off switch, the switch is on when conducting the measurement.

3.4.2 BC Test Procedures

On December 8, 2006, DOE adopted atest method to measure the efficiency of battery
chargers. 71 FR 71340. This test method, based on the U.S. Environmental Protection Agency’s
(EPA) ENERGY STAR “Test Methodology for Determining the Energy Performance of Battery
Charging Systems,” measures the power consumed by BCs in maintenance and no-battery
modes, as well as the energy recovered from the battery during discharge, calculating an energy
ratio.

In the December 8, 2006, Test Procedure Final Rule, DOE stated that it intended to study
BC active-mode energy consumption in a future rulemaking and reserved a section in the test
procedure (section 4(b) of appendix Y to subpart B of 10 CFR Part 430). 71 FR 71340, 71360.
Asaresult, DOE published another test procedure final rule that amended certain provisions of
the BC test procedures for determining maintenance mode and no-battery mode power
consumption as well as added provisions for testing battery chargers in active mode and off
mode. 76 FR 31750.

As previously mentioned, DOE has found that there are five modes of operation that a
BC can be in at any given time. These modes of operation are: active (or charge) mode,
maintenance mode, no-battery (or standby) mode, off mode, and unplugged mode. These five
modes are defined below:

Active (or charge) mode: During active mode, aBC is charging a depleted battery,
equalizing its cells, or performing functions necessary for bringing the battery to the fully
charged state.

M aintenance mode: In maintenance mode, the battery is plugged into the charger has
reached full charge and the BC is performing functions intended to keep the battery fully charged
while protecting it from overcharge.

No-Battery (or standby) mode: In no-battery mode, the battery is not connected to the
charger, but the BC itself is still plugged into mains.

Off mode: In off mode, the charger remains connected to mains power, but the battery is
removed and all manual on-off switches are turned off.
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Unplugged mode: In unplugged mode, the BC is disconnected from mains and therefore
not consuming any electrical power.

For each BC mode of operation, DOE’s new BC test procedure (76 FR 31750) has a
corresponding test that is performed that outputs ametric for energy consumption in that mode.
The description of the tests to perform to obtain these metrics can be found in said BC test
procedure. Below is abrief description of the pertinent performance parameters that come from
those tests.

24-Hour Energy: This quantity is defined as the power consumption integrated with
respect to time of a full metered charge test that starts with a fully depleted battery. In other
words, this is the energy consumed to fully charge and maintain at full charge a depleted battery
over aperiod that lasts 24 hours or the length needed to charge the tested battery plus 5 hours,
whichever is longer.

Maintenance M ode Power: Thisisa measurement of the average power consumed
while a BC is known to be in maintenance mode.

No-Battery (or standby) Mode Power: Thisisameasurement of the average power
consumed while aBC is in no-battery or sandby mode (only if applicable).

Off-M ode Power: Thisisameasurement of the average power consumed whileaBC is
in off mode (only if applicable).

Unplugged M ode Power: This quantity is always O.

This amended test procedure stops the use of the non-active energy ratio in favor of the
metrics related to energy consumption in each of the BC modes of operation. As described
above, these include active, maintenance, standby, and off modes; thus, the test procedure returns
four separate metrics. How these four mode-specific metrics are combined for the purpose of an
energy conservation standard is discussed further in chapter 5.

35 TECHNOLOGY ASSESSMENT

3.5.1 Introduction

This technology assessment examines EPS and BC technology, with afocus on the
factors affecting their efficiency. It begins by explaining the purpose of EPSs and BCs and their
modes of operation (sections 3.5.2 and 3.5.7). Next, the technology assessment reviews
efficiency metrics established for assessing the performance of EPSs and BCs in the major
energy-consuming modes of operation (sections 3.5.2.1 and 3.5.8). Finally, the assessment
discusses the designs necessary for EPSs and BCs to perform their required function
(sections 3.5.5 and 3.5.9), and the technology options available to improve the performance of
those designs against the energy efficiency metrics (sections 3.5.6 and 3.5.10). In chapter 4, the
screening analysis, DOE discusses its review of these technology options and which ones pass
DOE'’s screening criteria and are considered further in the engineering analysis.
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3.5.2 EPSModesof Operation
3.5.2.1 EPS Active M ode

In active mode, the external power supply takes power from mains and convertsit to a
form usable by the consumer product or load. Since the determination analysis, DOE has used
the definition of active mode codified in 10 CFR part 430 subpart B appendix Z: “Active mode is
the mode of operation when the external power supply is connected to the main electricity supply
and the output is connected to aload.”

In this mode, EPS efficiency is the conversion efficiency when the load draws some or al
of the maximum rated output power of the EPS. To provide that output power, the EPS also
consumes power due to internal losses as well as overhead circuitry. The amount of power the
EPS consumes varies with the power demands of the load; together, those two parameters define
the EPS s efficiency at a particular loading point:

P P

— out — out E ) 31
Teps P P +P q

out EPS_ consumption

EPS efficiency varies with the amount of output power. Typically, EPS efficiency is
lower between 0 and 20 percent of maximum rated output power and higher between 20 and 100
percent of maximum rated output power, where EPSstend to operate. The lower efficiency at
lower output current is due to the proportionally larger power consumption of internal EPS
components, relative to output power. At higher power, EPS overhead losses increase slightly,
but have less of an effect on EPS efficiency than losses associated with power conversion. The
EPS test procedure evaluates active-mode conversion efficiency at four loading points: 25
percent, 50 percent, 75 percent, and 100 percent of maximum rated output power, which captures
ageneral picture of EPS efficiency. Figure 3.8 shows an example of atypical efficiency curve
for an EPS in active mode.
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Figure3.8  Exampleof an Efficiency Curve of an EPSin Active Mode
3.5.2.2 EPS No-Load Mode

Since the determination analysis, DOE has used the definition of no-load mode codified in
10 CFR part 430 subpart B appendix Z: “No load mode means the mode of operation when the
external power supply is connected to the main electricity supply and the output is not connected
to aload.”

EPS efficiency in no-load mode is characterized by EPS power consumption, rather than
conversion efficiency because the EPS does not deliver power to the load in this mode. However,
the EPS might provide functionality. For example, certain consumer products may require the
EPS to deliver output power within moments of being connected. Thus, the EPS may consume
power to provide the useful function of reduced start-up time. Nonetheless, EPS power
consumption can be low (less than 0.5 watts) in no-load mode.

3.5.3 EPSEfficiency Metrics

An evaluation of the technology options for efficiency improvement and the tradeoffs
between them depends on the metrics used. DOE has previously adopted test procedures for
measuring the energy consumption of both EPSs and BCs.* This section presents a brief
overview of the test procedures for EPSs, and any issues related to the test procedures that may
affect the energy conservation standards rulemaking. See section 3.5.8 for a similar discussion of
BCs.

*10 CFR Part 430 Subpart B Appendix Y and Appendix Z
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3.5.4 Energy Efficiency Metricsfor External Power Supplies

On December 8, 2006, DOE codified atest procedure final rule for EPSs in Appendix Z
to Subpart B of 10 CFR Part 430 (“Uniform Test Method for Measuring the Energy
Consumption of External Power Supplies.”) DOE’ s test procedure, based on the California
Energy Commission (CEC) EPS test procedure, measures active-mode efficiency and no-load-
mode (standby-mode) power consumption.

Active-mode conversion efficiency isthe ratio of output power to input power. DOE
averages the efficiency at four loading conditions—25, 50, 75, and 100 percent of maximum
rated output current—to assess the performance of an EPS when powering diverse loads. DOE
also measures the power consumption of the EPS when disconnected from the consumer product,
which is termed no-load power consumption. DOE combines both of the above metrics into
“matched pairs’ that describe the candidate standard levels considered in setting potential energy
conservation standards. This“matched pairs’ combination affected the analysis and is discussed
further in Chapter 5, Engineering Analysis.

3.5.5 EPSDesgns

EPS s must meet several specifications in order to power a consumer product; EPSs are
generally designed to provide power at afixed output voltage with variable current to a
consumer product. The consumer product is what determines the EPS design criteria, including
output power, output voltage and the tolerance of the output voltage. EPSs designed for
consumer products that require precise voltages (e.g., computers) will also incorporate output
voltage regulation to minimize voltage fluctuations caused by load or power source variations.
Other applications that can tolerate voltage fluctuation may use simpler EPSsthat do not regulate
the output voltage as tightly.

Together, output power and output voltage determine the current, which has the greatest
impact on conduction losses and associated power dissipation in the EPS.

Unregulated and two-stage regulated EPSs are called line-frequency EPSs because the
frequency of the current passing through their transformers is the same as that of the AC mains
current (nominally 60 Hz in the United States). Switched-mode power supplies (SMPS) convert
power differently than line-frequency EPSs. SMPSs first rectify the AC mains voltage to DC,
converting it back to AC by switching the current on and off at high frequency. The high-
frequency AC current then passes through the primary winding of a transformer while the output
from the secondary winding of the transformer is rectified, resulting in a low-voltage DC output.
Because of the high frequency of the AC current passing through the transformer, the
transformer can be made smaller, resulting in lower weight, material costs, and losses in the
transformer.

3.5.5.1 AC/AC External Power Supplies

An AC/AC external power supply isthe simplest type of EPS, typically consisting only
of atransformer. A transformer contains two wires wrapped around a metal core; as current
passes through the primary wire, power is transferred to the secondary wire (usually at a lower
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voltage) through magnetic induction in the core. The induced voltage depends on the relative
number of turns between the primary and the secondary wires. The windings of the transformer
are wound so that the voltage generated in the secondary wire is at the design voltage for the
consumer product when mains voltage is applied to the primary wire. Because the primary and
secondary windings are two separate wires, the transformer also provides a safety function,
electrically isolating the consumer product from mains. The key factorsthat determine
transformer losses are core size, core material, number of windings, and wire gauge.

I
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—o—————
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E | |

Figure3.9  Circuit Diagram for an AC/AC External Power Supply

3.5.5.2 Unregulated Line-Frequency AC/DC External Power Supplies

In unregulated line-frequency EPSs, the two main sources of loss are the transformer and
the rectifying diodes. After passing through the transformer, current passes through rectifier
diodes, which have voltage drops that also dissipate power. Typically, diodes have a drop of 0.6
volts, which constitutes a proportionally larger share of the losses at lower output voltages. For
AC-DC EPSthat have alow output voltage, below approximately 12 V the power consumed by
the diodes also becomes significant. A line-frequency raw supply has three distinct stages
(Figure 3.10): atransformer to isolate and step down mains voltage, arectifier to convert AC
voltage to DC voltage, and afilter capacitor to smooth the output voltage.
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Figure3.10 Circuit Diagram of a Line-Frequency Raw Supply

The raw supply, consisting of atransformer, rectifier, and filter capacitor, is directly
responsive to the load. A change in mains power or the resistance of the load directly affectsthe
output voltage of the raw supply. If required, aregulator circuit follows the raw supply circuit,
housed either in the EPS or in the end-use product before the load.

3.5.5.3 Linear-Regulated Line-Frequency AC/DC External Power Supplies

To achieve voltage regulation, manufacturers can add a second stage, such asalinear
regulator, to the line-frequency power conversion stage described above, or redesign the power
conversion stage entirely using a switched-mode topology. Of the two regulator technologies,
linear regulators are simpler, bulkier, cheaper, and generally less efficient at higher power levels
than switching regulators. Switching regulators, although more complicated and costly, provide a
good alternative when portability or over-heating is a concern, such as when an EPS is used with
a mobile phone charger or a high-power flat-panel television.

The AC-DC conversion stage of aregulated line-frequency EPS is essentially the same as
that of an unregulated EPS, with the same sources of power consumption. The linear voltage
regulation stage adds to these losses by passing power from the AC-DC converter to the
consumer product through a power-dissipating element. This regulation stage senses the output
voltage and adjusts the voltage across it to keep the output voltage proportional to afixed
reference voltage. Loss in aregulated line-frequency EPS is caused by the conversion stage
delivering current at a higher voltage than needed by the consumer product, and dropping the
excess voltage acrossthe regulator to achieve the lower regulated output voltage. Dissipated as
heat, the power lost in the regulator is the product of the voltage drop and the load current.

Linear regulators have two key elements: a sensor and a pass device, which work
together to produce afixed output voltage (Figure 3.11). To determine those adjustments, the
sensor element continuously compares the output voltage to areference voltage. Whenever there
is adifference between the two voltages, the sensor directs the pass device to adjust the output in
order to reduce that difference. This continuous adjustment allows the regulator to yield a
constant output voltage as the load resistance or mains voltage varies. The output voltage of the
linear regulator circuit iswhat the user sees as the output voltage of the EPS.
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Figure3.11 Block Diagram of a Linear Regulator

Figure 3.12 shows a circuit diagram of a “low-dropout” linear regulator, one of the more
common types of linear regulators. To determine that voltage drop, an operational amplifier
(commonly referred to as an “op-amp”) acts as a sensor that compares the output voltage against
areference voltage. Based on those two signals, the op-amp controls a transistor, which isthe
pass device. The voltage drop across the transistor determines the output voltage but also
dissipates energy. The energy dissipated by the pass device is the main source of energy
consumption in the linear regulator, and hence the main source of inefficiency and heat
generation. Together, the sensor and the pass device adjust the output of the regulator to produce
arelatively stable output voltage, which iswhat the load receives as the output voltage of the
EPS.
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Figure3.12 Simplified Circuit Diagram of a Linear Regulator
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The efficiency of the linear regulator, #iinreg, IS:

_ PLinReg_out _ VLinReg_out I LinReg _out E 3 2
Miinreg = P = v | g. o.
LinReg _in LinReg _in " LinReg _in
where

PLinreg out 1S the power out of the linear regulator,
PLinreg in 1S the power into the linear regulator,
Viinreg_out 1S the voltage out of the linear regulator,
Vlinreg in 1S the voltage into the linear regulator,

| Linreg_out 1S the current out of the linear regulator, and
| Linreg_in IS the current into the linear regulator.

Because the linear regulator connects to the raw supply, Viinreg in IS €qual t0 Vrawsupp_out,
the output voltage of the raw supply. Furthermore, because the input current flows directly to the

output through the pass device, with other currents being negligible, |z o
Therefore, the efficiency of the linear regulator alone is approximately:

~
~

LinReg _in *

V

MLinReg z% Eq. 3.3

LinReg _in

Thetota efficiency of an EPS with alinear regulator depends on the efficiency of both
the linear regulator stage and the raw supply stage. Depending on the load conditions, #Linreg
generally ranges from 0.6 to 0.8, meaning the linear regulator is about 60 to 80 percent efficient.
The efficiency of the raw supply, 77rawsup, 8O varies with the load, but is generally from 0.7 to
0.9. The raw supply and linear regulator each are most efficient at different load conditions.
Multiplied, #Linreg @Nd 7rRansupp Yi€ld the total efficiency of an EPS with a linear regulator,
NLin_eps, Which is generally about 50 percent, but is lower for EPSs with output power below
10 W:

Miin_eps = Mrawsupp ~ Miinreg £+ 3.4

For an EPS consisting of araw supply and a linear regulator, mains voltage at line
frequency (60 Hz) is directly applied to the transformer. If the power applied to the transformer
had similar voltage and current characteristics but a higher frequency, the transformer could be
smaller and lighter. Those benefits are part of the motivation for choosing switching regulators,
which, unlike their linear counterparts, have transformers that operate a high frequency (greater
than 20 kHz).

3.5.5.4 Switching-Regulated Line-Frequency AC/DC External Power Supplies
A switching regulator can also follow the line-frequency AC-DC power-conversion stage

in place of the linear regulator described above, which is different from the switched-mode EPS
discussed below. These tend to be much more efficient than linear regulators because they do not



dissipate excess power through alinear control element. Rather, they switch the current a high
frequency, adjusting the proportion of on time during each switching cycle (i.e., the duty ratio) to
maintain the regulated output voltage proportional to afixed reference. Due to their higher codts,
these switching regulators tend not to be as common as linear regulators.

Switching Regulator Stage
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Mains Raw Supply | | | | | Energy |
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: ~| Control Isolation | !
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Figure3.13 Block Diagram of a Switching-Regulated Line-Frequency AC/DC EPS

3.5.5.5 Switched-M ode AC/DC External Power Supplies

The most common method for regulating power to a consumer product is a switched-
mode EPS. The critical elements in a switched-mode EPS are the transistor, output rectifier, bulk
capacitor, transformer, and controller. A transistor acts as a switch that constrains the flow of
power rectified from mains into the transformer (or choke), through the output rectifier, and,
ultimately, to the consumer product. A controller, typically an integrated circuit (I1C), switches
the transistor on and off based on the output voltage. By adjusting the duty ratio, the IC controls
the rectified mains current into the primary winding of the transformer and thereby the output
voltage of the EPS. The IC can also limit power dissipation in active mode by switching at low
current or low voltage. Further, the |C can greatly increase efficiency by reducing power
consumption in no-load mode, the condition when the EPS has been disconnected from the load,
resulting in zero output current. After passing through the transformer, the current is rectified and
filtered before reaching the consumer product. Principal sources of loss in a switched-mode EPS
arethe transistor switching transients, magnetization and resistive losses as a result of
transformer current, controller |C power consumption, and rectifier losses. Although there are
more sources of loss for switched-mode EPSs than line-frequency EPSs, in tota, lossesin
switched-mode EPSs tend to be lower.

The switching regulator consists of five stages. an AC-DC conversion stage, a chopper
stage, an energy transfer stage, a control stage, and a feedback isolation stage (Figure 3.14).
First, the current is rectified and passed to the chopper, which convertsthe DC voltage back to
AC, but at high frequency. The energy transfer stage then takes energy from the chopper, briefly
stores it, and then passes it to the rectifier to be output to the consumer product. The energy
transfer stage also servesto isolate the user from the mains. The level of the output voltage is fed
back through an isolation stage to the controller, which tracks the output voltage and adjusts the
chopper to make the desired voltage.
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Figure3.14 Block Diagram of a Switched-M ode Power Supply

The switching regulator usually consists of an integrated circuit controller and discrete
components. The circuit diagram in Figure 3.15 depicts a “flyback” switching regulator, one of
the more common types; however, many other switching regulator designs also exist. The
AC/DC conversion stage consists of a diode bridge and filter capacitor, similar to araw supply.
In this case, current flows directly from mains to the diode bridge, rather than through a
transformer.

The chopper stage uses atransistor, which switches on and off at high frequency to
convert the DC current from the AC/DC converter back to an AC current for the energy transfer
stage. A control stage drives the transistor, where the longer its on time in the duty cycle, the
more energy is transferred. The switching frequency isin the kilohertz range, with lower
frequencies having lower switching losses. Typically, the minimum frequency is 20 kHz, above
the audible range of human hearing.
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Figure3.15 Simplified Circuit Diagram of a Flyback Switching Regulator

The energy transfer stage consists of a choke, a capacitor, and a diode. The chokeis
similar to atransformer and has the same symbol in the circuit diagram. One difference isthat a
transformer in a line-frequency EPS is designed to pass energy from one winding to another with
minimal energy storage, while a choke in a switched-mode EPS is designed to store and release
energy. Also, the phasing of the windings is not important in the line-frequency transformer, but
it is critically important in the flyback switching regulator. Thisisrepresented in Figure 3.15 by
dots on the choke.

When the chopper switch is closed, the primary winding of the choke takes energy from
the chopper and stores the energy in the choke. When the chopper switch opens, the secondary
winding transfers that energy through the diode to the capacitor and provides the output for the
switching regulator, electrically isolating the load from the mains. Because the choke operates at
a high frequency, it benefits from the associated decreases in size and weight. The energy
transfer scheme of the switching regulator is more efficient than a linear regulator, in part
because the choke stores and returns energy with relatively low losses.

The isolation stage typically uses an optocoupler that consists of a light source and a
photosensitive detector. By converting the electrical feedback signal to an optical one, the
optocoupler maintains the load electrically isolated from the mains. The detector converts the
optical signal back to an electrical signal that it provides to the controller.

Generally, the controller is an integrated circuit that drives the chopper with a high-
frequency pulse-width-modulated (PWM) waveform. The controller monitors the EPS output
voltage and adjusts the pulse width to increase or decrease the amount of energy transferred by
the chopper. If the output voltage dips, the controller will increase the duty cycle, thus increasing
the energy passed by the energy transfer stage and increasing the output voltage. Conversely, if
the output voltage rises, the controller will decrease the duty cycle or possibly skip cycles. This
cycle-skipping feature is especially useful when there is no load attached, because the EPS will
only take from the mains the small amount of power it needs to power itself.
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Instead of an I C controller, a switched-mode EPS can also use discrete components, asin
the case of aringing choke converter. In that topology, discrete transistors control the chopper
and the resulting energy transfer. EPSs without I Cs tend to be more common at lower output
powers. However, without an |C, an EPS cannot offer functions such as cycle-skipping at low
load, which can be used to decrease losses.

Both linear-regulated and switching-regulated EPS use regulating circuits to achieve a
stable output voltage. However, voltage is not the only output variable that can be regulated.
Current regulation, as discussed in the following section, is a fundamental consideration in BC

design.

3.5.6 EPS Technology Options

DOE considered seven technology options that may improve the efficiency of EPSs:

Improved Transformers. In line-frequency EPSs, the transformer has the largest effect
on efficiency. Transformer efficiency can be improved by replacing their cores and
windings with ones made of lower-loss material or adding extra material.

Snitched-Mode Power Supply. Line-frequency EPSs may use linear regulatorsto
maintain a constant output voltage. By using a switched-mode circuit architecture, a
designer can limit both losses associated with the transformer and the regulator. The
differences between the two EPS types are discussed in section 3.5.5.3 and section
3.5.5.4.

Low-Power Integrated Circuits. The efficiency of the EPS can be further improved
by substituting low-power |C controllers, which can switch more efficiently in active
mode and reduce power consumption in no-load mode. For instance, the IC can turn
off its start-up current (sourced from the primary side of the power supply) once the
output voltage is stable. In addition, when in no-load mode, the IC can turn off the
switching transistor for extended periods of time (termed "cycle-skipping").

Schottky Diodes and Synchronous Rectification. Both line-frequency and switched-
mode EPSs use diodes to rectify output voltage. Schottky diodes and synchronous
rectification can replace standard diodes to reduce rectification losses, which are
increasingly significant at low voltage. Schottky diodes have a voltage drop of 0.3—
0.4 volts, compared to approximately 0.6 volts for standard diodes. Synchronous
rectification (typically only used in switched-mode EPSs) further reduces losses by
substituting transistors for the diodes. The voltage drop across the drain-to-source
resistance of transistor is much lower than that across even a Schottky diode, leading
to lower losses in the output rectifier.

Low-Loss Transistors. The switching transistor dissipates energy due to its drain-to-

source resistance (Rps on) When the current flows through the transistor to the
transformer. Using transistors with low Rps on can reduce this |oss.
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e Resonant Samtching. In addition to reducing the Rps on Of the transistor, power
consumption can be lowered further by the 1C controller decreasing switching
transients through zero-voltage or zero-current switching. The power consumption of
the transistor is influenced by the voltage across the Rps on and the current flowing
through it. An IC can control the switching to minimize that voltage or current,
although some components in addition to the IC may also be needed.

e Resonant ("Losdess') Shubbers. In switched-mode EPSs, a common snubber protects
the switching transistor from the high voltage spike that occurs after the transistor
turns off by dissipating that power as heat. A resonant or lossless snubber recycles
that energy rather than dissipating it.

3.5.7 BC Modes of Operation

Like the design of EPSs, the design of BCs is driven by the anticipated power
requirements and time spent in their various modes of operation. Section 325(gg)(1)(A) of
EPCA, as modified by EISA, defines active, standby, and off modes for consumer productsin
general. (42 U.S.C. 6295(gg)(1)(A)) However, section 2 of appendix Y to 10 CFR part 430*
(hereafter referred to as appendix Y) defines additional modes as well as redefines some of the
EISA modes to be more applicable to BCs (as allowed under 42 U.S.C. 6295(gg)(1)(B))

3.5.7.1 Active or Charge Mode

Active mode is defined as “the condition in which an energy-using product—1) is
connected to amain power source; (11) has been activated; and (I11) provides 1 or more main
functions.” (42 U.S.C. 6295(gg)(1)(A)(i)) However, paragraph 2.i of appendix Y further
specifies that the charger is in active mode specifically when charging a depleted battery,
equalizing its cells,” or “performing other one-time or limited-time functions necessary for
bringing the battery to the fully charged state.”

3.5.7.2 Maintenance M ode

Once the batteries have reached full charge, the BC typically enters a maintenance mode,
intended to maintain the fully charged state of the battery, while protecting it from overcharge.
BCs without a maintenance mode (some high-power BCs for consumer motive equipment, for
example) either use atimer to disconnect the BC from the batteries after charging or rely on the
user to manually disconnect.

3.5.7.3 Standby or No-Battery M ode

Alternatively, following afull charge, the user can remove the battery (or in the case of
integral-battery products, the end-use product and the battery), placing the battery charger in
standby or no-battery mode. Typically, the BC is in the mode when the application it servesisin
use; however, the user may also place the BC in off mode, or disconnect it from mains entirely.

Y Equalization serves to balance the voltage across each of the cellsin amulti-cell battery, a process that is most
commonly performed with large lead-acid batteries. Unbalanced cells limit charge and discharge, reducing the
usabl e capacity; they can also suffer more overcharge than the other cells.
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3.5.7.4 Other M odes and Applicability

Appendix Y defines standby or no-battery mode as “the condition in which (1) the battery
charger is connected to the main electricity supply; (2) the battery is not connected to the
charger; and (3) for battery chargers with manual on-off switches, all such switches are turned
on.” However, if (1) the charger remains connected to mains, (2) the battery is removed, and (3)
all manual on-off switches are turned off, the charger is then placed in off mode.

Because it has purposely been disabled by the user via a switch, the BC must no longer
perform standby-mode functions such as powering circuitry that detects the presence of a battery
or indicates its status. It therefore has the potential to consume less energy than in standby mode.
Finally, the user can also disconnect the charger from mains, in which case it does not consume
any energy.

Whether each of the modes described above apply to a particular BC depends on whether
the battery isintegral or detachable, the presence of manual on-off switches, etc. For example,
BCs without a manual on-off switch cannot be placed in off mode, while a BC with a non-
removable AC cord and integral batteries that are not removed from the application for charging
cannot be placed in no-battery mode.

Nonetheless, all BCs operate in the active or charge mode by definition. This mode has
the largest effect on the BC's size and efficiency because the charger must be designed to
accommodate the maximum amount of power output, which happens during active mode. While
the requirements of the other modes factor into the design as well—as does the chemistry of the
battery—their effects on efficiency are not as great, since they don’t affect the power handling
components, but rather sub-circuits tasked with assessing the state of charge and ensuring safety.

3.5.8 BC Efficiency Metrics

On December 8, 2006, DOE adopted atest method to measure the efficiency of battery
chargers. 71 FR 71340. This test method, based on the U.S. Environmental Protection Agency’s
(EPA) ENERGY STAR “Test Methodology for Determining the Energy Performance of Battery
Charging Systems,” integrates the power consumed by BCs in maintenance and no-battery
modes over fixed periods of time. This “non-active energy” is divided by the battery energy,
measured at adischarge rate of 0.2 C, resulting in an energy ratio. Normalizing by battery energy
is meant to account for proportionally higher losses in chargers intended for higher-energy
batteries. A higher energy ratio represents higher BC non-active energy consumption.

However, in the December 8, 2006, Test Procedure Final Rule, DOE stated that it
intended to study further BC active-mode energy consumption and reserved a section in the test
procedure (section 4(b) of appendix Y to subpart B of 10 CFR Part 430) to cover measurement
of active-mode energy consumption. 71 FR 71340, 71360. DOE has continued developing its
approach for measuring BC active—i.e., charging—mode energy consumption and on June 1,
2010 published afinal rule adopting an active-mode test procedure based on atest procedure
previously adopted by the California Energy Commission.76 FR 31750.

This amended procedure stops the use of the non-active energy ratio in favor of metrics
corresponding to energy consumption in each of the energy-consuming modes of operation of a
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BC. Asdescribed above, these include active, maintenance, standby, and off modes; thus, the test
procedure returns four separate metrics. These separate metrics are weighted by an average usage
profile” that reflects the typical usage of BCs in each product class. For the analysisin this TSD,
DOE used these metrics to evaluate BC efficiency.

The potential energy conservation standards for each class will likewise be writtenin
terms of a single metric, even though the test procedure would measure consumption in each of
the modes separately. Manufacturers will then be free to trade off power consumption in one
mode for that in another, as long as they meet the usage-weighted energy consumption required
by the standard.

3.5.9 Battery Charger Design

The design of a battery charger depends on the application it serves, and as mentioned in
the discussion of product classes in section 3.3, specifically its voltage and energy requirements.
As aresult, the design of battery chargers varies with product class, which is defined by battery
voltage and energy. Therefore, following a brief introduction, this section will be divided by
product class.

A general schematic of a battery charging system (BC and battery) can be seen in Figure
3.16. Asindicated in the figure, the primary function of a BC is regulating the flow of current
from a power supply to a battery to safely charge the battery and maintain its charge.

Battery Charger Rechargeable

P T Batter
| Power Supply | y
|
! l
i Rsupply : lout
| ! —» +
| I +

|
| l Charge ||, Electro-
! | | Regulator || “Ba* || chemical
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Figure3.16 General schematic of a BC and battery.

As depicted in Figure 3.16, the first stage of most BCs is a power supply that converts
line-voltage AC power to DC power a avoltage low enough to charge the battery (through a
charge regulator) as well as power any overhead circuitry in the charger responsible for safety
and other user function (e.g., status indicators, etc.; not pictured in the figure). Because of this
general AC/DC conversion requirement, the design of the input power supply stage often mimics

% The calculation of product-class-average usage profiles and the calculation of typical energy consumption is
described in detail in the energy use analysis (chapter 7).
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that of the EPSs described in section 3.5.5, in particular unregulated line-frequency AC/DC and
various switched-mode AC/DC designs, including flyback. This power supply stage can be either
internal (i.e., in the same enclosure as the rest of the BC circuitry) or in an external wall adapter.
Although the circuits are similar, the key difference between an EPS and a BC is charge control.
An EPS is designed to provide output current so asto maintain a constant output voltage to the
load. In contrast, a BC provides power to a battery that may either be constant current or constant
voltage, depending on the state of the battery. Further, a battery sets a voltage in the BC circuit,
whereas a load does not set a voltage for an EPS.

Methods of improving BC efficiency depend on whether the BC is a slow charger or a
fast charger. The distinction between the two types of BCs is based on the charge rate (aso
referred to as C-rate), often defined as the average charging current flowing into the battery,
divided by the nominal battery charge capacity. For current expressed in amperes and battery
capacity expressed in ampere-hours, the resulting quantity is expressed in units of 1/hours or C.
For example, a BC with a 0.2 ampere (A) output current charging a 2 ampere-hour (Ah) battery
would result in acharge rate of 0.1 C. Charging time is approximately the inverse of the charge
rate, adjusted for the efficiency of the battery itself, which varies with chemistry. In the previous
example, the battery would take slightly longer than 10 hoursto charge.

DOE considers BCs with charge rates lessthan 0.2 C (typically around 0.1 C) to be slow
chargers. At this low charge rate, nickel-based batteries can be charged continuously without
concern for excessive battery overheating or safety. Slow chargers do not typically include cutoff
or monitoring circuitry. However, asthe battery nears full charge and its voltage increases, the
difference between the BC output and battery voltages decreases and the charge-control
resistance used in aslow charger will cause the charging current to decrease. This reduces power
consumption and lessens battery heating due to overcharge (thereby extending battery life). Slow
chargers are not typically used in combination with lithium-based batteries, because of the safety
concerns associated with overcharging lithium-based batteries.

Slow chargers are typically composed of a line-frequency transformer followed by a
rectifier and charge-control element. The function of the charge-control element isto limit
charging current into the battery, which can be accomplished by either a discrete resistor or the
parasitic internal resistance of the transformer windings. The power conversion losses in a slow
charger are mostly due to magnetization losses in the transformer core steel, resistive losses in
the charge-control element, and voltage drops across the rectifier diodes.

In addition, slow chargers typically continue to deliver current to the battery even after it
is fully charged, usually at a rate much higher than that necessary to maintain the charge lost due
to battery self-discharge. The excess power is dissipated as heat in the battery. The power
conversion losses in the BC identified earlier continue to have an impact in this maintenance
mode, further increasing power consumption. Even in no-battery mode, when the battery is
disconnected from the charger, the slow charger continues to consume significant power due to
the transformer magnetization losses. For a detailed discussion of slow-charger power
consumption in all modes, please see sections 3.3 and 3.5 of the draft technical report that
accompanied the Framework Document published on June 4, 2009. 74 FR 26816.
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A battery charger that contains monitoring, cutoff, or limiting circuitry can safely charge
lithium-based batteries and fast-charge nickel-based batteries. DOE considers BCs with charge
rates greater than 0.2 C (typically between 0.6 C and 1 C) to be fast chargers. Because the charge
rate of fast chargers is much greater than that of slow chargers, the maximum rated output power
of afast charger can be 5 to 20 times greater than that of slow chargers, even when charging a
battery of the same voltage and capacity. For this reason, fast chargers typically use switched-
mode power supplies, which are smaller and lighter than line-frequency power supplies. Fast
chargers also employ monitoring and cutoff circuitry, as the high currents used during charging
may overheat the battery and lead to a safety hazard if not reduced at the proper time. Because of
these design differences, fast chargers are composed of more complex circuits and are
susceptible to different loss mechanisms than slow chargers.

The high-frequency switched-mode power supply (whether internal or external) that
typically performs the energy conversion in a fast charger is usually more efficient than the line-
frequency transformer and rectifier discussed previoudly. High-frequency power supplies can use
transformer cores made of ferrite that are smaller and more efficient than the steel corestypically
found in line-frequency designs. However, there are still conversion losses associated with
switching and rectification, as well as fixed overhead losses associated with powering the IC
switching controller and any safety circuitry. Also, although fast chargers terminate (i.e., limit
charging current once the battery has reached full charge), most chargers continue to supply a
small amount of maintenance current. As with slow chargers, this maintenance current and the
associated conversion losses contribute heavily to maintenance-mode power consumption.
Finally, even with the battery removed, the charger can continue consuming significant power
due to the overhead of powering the control and safety circuitry mentioned above. For a more
detailed discussion of fast-charger power consumption, please see sections 3.3 and 3.5 of the
draft technical report.

Further, manufacturers may, and often do, choose to substitute afast charger for a slow
one as a means of improving portability and energy efficiency. Because both types of chargers
can often be used with the same battery powering the same consumer product, they provide the
same utility to the consumer, which means the fast charger can be considered a replacement for a
slow charger.

Finally, because changes in battery temperature and voltage happen more slowly at lower
charge rates, monitoring circuitry that depends on these changes to stop the charging processis
typically not sensitive enough to be used at rates below 0.3 C. Therefore, athough DOE
differentiates between BCs with charge rates greater than or less than 0.2 C, DOE does not
expect to find many BCs with charge rates between 0.15 C and 0.3 C.

3.5.10 Battery Charger Technology Options

Battery charger efficiency in active mode is governed by BC component losses and
overhead circuitry. BCs share with EPSs similar options for reducing component losses in active
mode. However, some BCs have safety circuitry to monitor the battery during charging, which
EPSstypically do not include. Safety circuits are often present in BCs that are fast chargers,
safety concerns also affect design of slow charging BCs. Thus, if a BC were compared to an EPS
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with similar power ratings, it might appear to have lower conversion efficiency due to the
additional power consumption of its safety circuitry.

The following list, organized by charger type, provides technology options that DOE
evaluated during the NOPR. Although many of these technology options could be used in both
fast and slow chargers, doing so may be impractical due to the cost and benefits of each option
for the two types of chargers. Therefore, in the list below, the options are grouped with the
charger type where they would be most practical.

Slow charger technology options include:

Improved Cores. The efficiency of line-frequency transformers, which are a
component of the power conversion circuitry of many slow chargers, can be
improved by replacing their cores with ones made of lower-loss steel.

Termination: Substantially decreasing the charge current to the battery after it has
reached full charge, either by using atimer or sensor, can significantly decrease
maintenance-mode power consumption. Because most slow chargers have a charge
rate of approximately 0.1 C, and maintenance-mode current below 0.05 C istypically
sufficient to keep a battery fully charged, a slow charger that employs termination can
roughly halve its maintenance-mode power consumption.

Elimination/Limitation of Maintenance Current: Constant maintenance current is not
required to keep a battery fully charged. Instead, the BC can provide current pulsesto
“top off” the battery as needed. Elimination or limitation of maintenance can decrease
maintenance-mode power consumption even further and has the added benefit of
extending the battery lifetime by reducing heating due to overcharge.

Elimination of No-Battery Current: A mechanical AC line switch inside the battery
charger “cup” automatically disconnects the BC from the mains supply when the
battery is removed from the charger. Although manual (i.e., user-controlled) switches
are also possible, this method guarantees that the BC ceases to consume power once
the battery is removed from the battery charger.

Snitched-Mode Power Supply: To increase efficiency, line-frequency power supplies
can be replaced with switched-mode EPSs, which greatly reduce the biggest sources
of lossin aline-frequency EPS: the transformer. Because a switched-mode EPS
operates a high frequency (greater than 20 kHz), its transformer can be smaller, and
because transformer losses are a function of volume, a smaller transformer is usually
more efficient. It is worth noting that this technology option is not often found in
practice, because the inclusion of a switched-mode power supply within the BC
design allows the higher power levels necessary for fast charging. The universal
consumer preference for shorter charging times limits the occurrence of slow chargers
with high-frequency switched-mode power supplies.
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Fast charger technology options include:

Low-Power Integrated Circuits: The efficiency of the BC' s switched-mode power
supply can be further improved by substituting low-power |C controllers, which can
switch more efficiently in active mode and reduce power consumption in no-load
mode. To increase efficiency in active mode, the IC controller can decrease switching
transients through zero-voltage or zero-current switching. Furthermore, the IC can
turn off its start-up current (sourced from the primary side of the power supply) once
the output voltage is stable. In addition, when in no-load mode, the IC can turn off the
switching transistor for extended periods of time (termed “cycle-skipping”).

Elimination/Limitation of Maintenance Current: See above.

Schottky Diodes and Synchronous Rectification: Both line-frequency and switched-
mode EPSs use diodes to rectify output voltage. Schottky diodes and synchronous
rectification can replace standard diodes to reduce rectification losses, which are
increasingly significant at low voltage. Schottky diodes are rectifiers constructed
from a metal-silicon junction rather than a p-n silicon junction and have a voltage
drop of 0.3-0.4 volts, compared to approximately 0.6 volts for standard p-n junction
diodes. Synchronous rectification (which is typically used only in switched-mode
EPSs) further reduces losses by substituting field-effect transistors (FETS) for the
diodes. The voltage drop across the drain-to-source resistance of the FET is much
lower than that of a Schottky diode, leading to lower losses in the outpuit rectifier.

Elimination of No-Battery Current: See above.

Phase Control to Limit Input Power: Even when atypical BC is not delivering its
maximum output current to the battery, its power conversion circuitry continues to
draw significant power. A phase control circuit, like the one present in most common
light dimmers, can be added to the primary side of the BC power supply circuitry to
[imit input current in lower-power modes.
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CHAPTER 4. SCREENING ANALYSIS

41 INTRODUCTION

This chapter discusses the U.S. Department of Energy’s (DOE’s) screening analysis of the
technology options identified for battery chargers (BC) and external power supplies (EPS). As
discussed in chapter 3 of the technical support document (TSD), DOE consults with industry,
technical experts, and other interested parties to develop a list of technology options for
consideration. The purpose of the screening analysis is to determine which options to consider
further and which to screen out.

Section 325(0)(2) of the Energy Policy and Conservation Act (EPCA) provides that any
new or revised standard must be designed to achieve the maximum improvement in energy
efficiency that is determined to be technologically feasible and economically justified. (42
U.S.C. 6295(0)(2)) In view of the EPCA requirements, Appendix A to Subpart C of Title 10,
Code of Federal Regulations (CFR), part 430 (10 CFR part 430), Procedures, Interpretations,
and Policies for Consideration of New or Revised Energy Conservation Standards for Consumer
Products (the Process Rule) sets forth procedures to guide DOE in its consideration and
promulgation of new or revised efficiency standards. These procedures elaborate on the statutory
criteria provided in 42 U.S.C. 6295(0) and, in part, eliminate problematic technologies early in
the process of prescribing or amending an energy efficiency standard. In particular, sections
4(b)(4) and 5(b) of the Process Rule provide guidance to DOE for determining which design
options are unsuitable for further consideration:

1. Technological feasibility. DOE will consider technologies incorporated in commercial
products or in working prototypes to be technologically feasible.

2. Practicability to manufacture, install, and service. If mass production and reliable
installation and servicing of a technology in commercial products could be achieved on
the scale necessary to serve the relevant market at the time the standard comes into effect,
then DOE will consider that technology practicable to manufacture, install, and service.

3. Adverseimpactson product utility or product availability. If DOE determines a
technology would have significant adverse impact on the utility of the product to
significant subgroups of consumers, or would result in the unavailability of any covered
product type with performance characteristics (including reliability), features, sizes,
capacities, and volumes that are substantially the same as products generally available in
the United States at the time, it will not consider this technology further.

4. Adverseimpactson health or safety. If DOE determines that a technology will have
significant adverse impacts on health or safety, it will not consider this technology
further.

Section 4.2 discusses the EPS technology options DOE screened out from further
consideration. Section 4.3 lists the remaining design options DOE considered in its analyses.



4.2 SCREENED OUT EPS TECHNOLOGY OPTIONS

DOE did not screen out any technology options for EPSs, having considered the following
four factors: (1) technological feasibility; (2) practicability to manufacture, install, and service;
(3) adverse impacts on product utility to consumers; and (4) adverse impacts on health or safety.

4.3 REMAINING EPS DESIGN OPTIONS

DOE is considering the design options in Table 4-1 as viable means for improving EPS
efficiency. Chapter 3 provides a detailed description of each of these design options, which
DOE considers in the engineering analysis (chapter 5).

Table4-1 External Power Supply Design Options

Technology Option Description

Improved Transformers Use transformers with low losses.

Switched-Mode Power Supply Use switched-mode power supplies instead of
linear power supplies.

Low-Power Integrated Circuits Use integrated circuit controllers with minimal
power consumption.

Schottky Diodes and Synchronous Use rectifiers with low losses.

Rectification

Low-Loss Transistors Use transistors with low drain-to-source
resistance.

Resonant Switching Use an algorithm to turn on the transformer
only when losses are minimal.

Resonant ("Lossless") Snubbers Reuse energy sent to the snubber.

44 SCREENED OUT BC TECHNOLOGY OPTIONS

This section addresses the BC technologies that DOE screened out, having considered the
following factors: (1) technological feasibility; (2) practicability to manufacture, install, and
service; (3) adverse impacts on product utility to consumers; and (4) adverse impacts on health
or safety.

DOE examined all of the technology options presented in the technology assessment. The
table below lists out the options that DOE decided to screen out and which criterion that
technology option failed to meet:

Table4-2 Screened Out Battery Charger Technology Options

Technology Option Failed Screening Criterion
Lowering charging current or increasing Adverse impacts on product utility to
voltage consumers
Capacitive reactance Adverse impacts on safety
Non-inductive chargers for toothbrush and Adverse impacts on safety
other wet applications




45 REMAINING BC DESIGN OPTIONS

After screening out the aforementioned technology options in accordance with the policies
set forth in 10 CFR Part 430, Subpart C, Appendix A, (4)(a)(4) and 5(b), DOE is considering the
design options in Table 4-3 as viable means for improving battery charger efficiency. Chapter 3
provides a detailed description of the design options that DOE considers in the engineering
analysis (chapter 5).

Table4-3

Battery Charger Design Options

Technology Option

Description

Slow charger

Improved Cores

Use transformer cores with low losses.

Termination

Limit power provided to fully-charged
batteries.

Elimination/Limitation of
Maintenance Current

Limit power provided to fully-charged
batteries.

Elimination of No-Battery Current

Limit power provided drawn when no
battery is present.

Switched-Mode Power Supply

Use switched-mode power supplies instead
of linear power supplies.

Fast charger

Low-Power Integrated Circuits

Use integrated circuit controllers with
minimal power consumption.

Elimination of No-Battery Current

Limit power provided drawn when no
battery is present.

Schottky Diodes and Synchronous
Rectification

Use rectifiers with low losses.

Elimination of No-Battery Current

Limit power provided drawn when no
battery is present.

Phase Control to Limit Input
Power

Limit input power in lower-power modes.
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