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1. Executive Summary

Large battery chargers are used with such prodcsctsrklifts, airport transport equipment,
neighborhood electric vehicles and golf carts. gedrattery chargers can be found in residential,
commercial and industrial applications using batigle phase and three phase power. Industrial
battery-powered motive equipment has been utilizedarehouses, ports, airport baggage
systems and manufacturing facilities for decadesddition, smaller single phase golf cart
chargers are common on courses and in retiremégtiberhoods. California’s population of
approximately 275,000 large chargers uses oveO420h per year. A test procedure for
consumer battery chargers was finalized in Aprd&6@o support Title 20 standards for small
chargers, but that procedure did not include thigytp test the efficiency of large chargers.

This project facilitated the development of a techlty rigorous large battery charger efficiency
test procedure, which was adopted as the officaif@nia Energy Commission procedure in
December of 2008. Using data gathered by PG&E A&ppliechnology Services Group,
Southern California Edison and one charger manufactPG&E'’s consultant Ecos compared
the efficiency of charger technologies, and estaatpportunities for energy and peak demand
savings in PG&E’s service territory.

Results indicate that the most common technolagetalled today, ferroresonant and silicon
controlled rectifier (SCR), tend to use more endl@n newer technologies. Encouraging early
retirement of ferroresonant and SCR chargers grldaieg them with the average high
frequency chargers, could save nearly 4 MWh paramually. If 5% of PG&E’s total three
phase lift-truck battery charger stock were repladd,300 MWh could be saved per year.
Coincident peak demand savings are likely negkgiidcause of the duty cycle requirements
associated with shift work. However, smart techgme may be explored for demand response
load management opportunities.

Because there are significant variations in enesgyeven within technologies, a technology
neutral program specification based on the testquhore could help ensure energy savings.
Review of the data demonstrated that charge réaietor and power conversion efficiency were
the two metrics that had the greatest impact om@menergy performance. A program standard
based on annual energy consumption as determindtelaccepted test procedure would help to
capture available energy savings from the besbparhg chargers.

Further research would allow for an adequate pojunlaf data points to set program standards.
Additional testing of golf cart battery chargersulbinform an analysis of saving opportunities
for this product. The savings opportunities treaténbeen identified merit further investigation
by PG&E’s Emerging Technology and ATS group.

2. Project Background

Industrial battery-powered motive equipment hashg#ized in warehouses, airport baggage
systems and manufacturing facilities for decaddihotigh the typical product is usually known
as a forklift, the category of lift-truck has bemeated to encompass all machines used for this
purpose. Smaller single phase golf cart chargersitilized on courses and in retirement
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neighborhoods all over California. PG&E’s consultBnos estimates that the population of
these large battery chargers in California is apipnately 275,000 units. Table 1 shows the
break out of existing stock and annual energy ydealtery charger type. As shown in Table 1,
the energy use in California associated with tlebsegers is estimated to be over 4,200 GWh
per year (Hebert, Porter et al. 2009). Little data publicly available on the efficiency of large
battery charger systems, although Southern Calddfdison (Smith 2008) and EPRI (2002)
have independently conducted testing and researthese chargers. PG&E and its consultant
Ecos finalized a consumer battery charger testgohae version 1.2 in April 2008 (Porter, Bendt
PhD et al. 2008), but this test procedure did noluide provisions for testing larger single phase
and three phase systems such as lift-trucks. Thjed filled this gap by supporting the
development of a comprehensive large battery chaegeprocedure, which was officially
adopted by the California Energy Commission in Delzer 2008.

Battery Charger Type Estimate of Existing | Annual Energy
CA Stock Use (GWh)
Three Phase Lift-trucks 27% 3,400
Golf Carts/Electric Carts 56% 635
Single Phase Lift-trucks 19% 246

Table 1: Industrial Battery Charger Technologies (Hebert, Porter et al. 2009)

Ferroresonant and silicon controlled rectifier (3@Rve been the dominant large battery charger
technologies for decades. Two emerging technolpbsid (controlled ferroresonant) and high
frequency (switch mode) chargers, typically haveersmphisticated charge control and

improved power conversion efficiency than then dwant technologies. A more detailed
discussion of industrial battery charger technaegian be found in Appendix C. Table 2
summarizes market trends for the four major teabgiek.

Technology Estimate of Market Cost Range® | Average| Status of
Existing CA Share Relative Cost” | Technology
Stock? Projection | Efficiency
Ferroresonant 50% Decreasing Average $1,500 - $1,840 Proven
$2,300
SCR 30% Decreasing  Average $1,300 4 $2,100 Proven
$2,700
Hybrid 5% Marginally |  Good $2,000 - $2,540 | Developing
Increasing $3,500
High 10% Increasing Best $2,000 - | $2,810 | Developing
Frequency $3,500

Source? Stock share was estimated based on conversatitmsnanufacturers and industry experts (Wilson, 20 mith
2009), and (Munton 2008}.Cost range and average cost was estimated basmbdata for 22 chargers provided by a
manufacturer and industry expert (Smith 2008) (Mar008). One industry expert suggests that thiediffsrence between
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ferroresonant and high frequency may be closeeto than these in the table above. Recent incséasaw materials in
ferroresonant chargers are driving up cost. Foist may possibly exceed high frequency chargersti2009).

Table 2: Industrial Battery Charger Technologies

3. Project Objectives
The objectives of this project included:

o With input from PG&E Applied Technology ServicesT(8) Group, Southern California
Edison (SCE) and other stakeholders, adapt theuocmgrsbattery charger test procedure
to enable testing of high-power single phase arektphase battery charger systems

o Provide technical and logistical support to PG&EBS Group during charger testing

o Develop metrics that account for all modes of gttharger operation for comparing
the energy use of these large battery chargers

o Calculate the energy consumption and peak demamdlmations for each battery
charger tested using different assumed facilityrafpeg profiles (single shift, two shift,
24-hour operation)

o Calculate energy and peak demand savings oppoesiagsociated with moving the
market to more efficient technology

In addition, the data collected in this projectpoped PG&E’s 2009 codes and standards work
to develop a minimum efficiency performance staddar large battery charger systems
(Hebert, Porter et al. 2009).

4. Project Methodology

The project occurred in three key phases:
1. Test procedure revision and finalization (June 2@0Becember 2008)
2. PG&E test set up and collection of test data (Ddxr@008 to April 2009)
3. Data analysis and reporting (March 2009 tg 2@09)

In 2003, The California Energy Commission’s Puliterest Energy Research Program (PIER)
funded PG&E’s consultant Ecos to begin developibgtéery charger test procedure that
measured the efficiency of small consumer battbargers sold with cell phones, power tools,
toothbrushes, and other rechargeable appliancéstd@dt procedure, known as version 1.2
(Porter, Bendt et al. 2008), was finalized by PG&Eobnsultant Ecos in April 2008, but did not
include technical details needed to test high-pdvedtery charger systems, such as golf carts
and lift-trucks. Southern California Edison (SCEHideveloped an informal method for testing
these products, but there was no public writtennetof the test protocol. Under this project,
PG&E’s consultant Ecos coordinated with SCE to ipocate its draft large charger test
procedure as “Part 2” of the already developed wores test procedure. This became version
2.1.4 (Porter, Bendt, et al. 2008).

With input from PG&E’s ATS Group and charger mamitaers, PG&E'’s consultant Ecos
worked with SCE to clarify the required data toréported and included technical details needed
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for a wide variety of chargers. The test proceduas publicly reviewed in a California Energy
Commission rulemaking process and a revised proeeglas adopted as version 2.2 by the
California Energy Commission in December of 2008ulhcopy of the California Energy
Commission adopted test procedure version 2.2 raag\yiewed in Appendix E and is available
onwww.efficientproducts.org

Once the test procedure was finalized, the tegtivage began. PG&E’s consultant Ecos
facilitated conversations with SCE and PG&E’s AT®@ to clarify the intent of certain
sections of the test procedure, and provided PG&HE'S Group a data collection template
based on the publically available template cretdembllect data for the Title 20 standards
process at the California Energy Commission (CalitoEnergy Commission 2008). PG&E’s
consultant Ecos advised PG&E’s ATS Group on whithrgers should be tested first to best
inform the 2009 PG&E CASE report for battery charggstems (Hebert, Porter et al. 2009).
PG&E’s ATS Group successfully used the test procetiucollect data for five chargers.
PG&E’s consultant Ecos garnered an additional 22gdr tests from SCE and one test from
manufacturer Ametek for a total of 28 raw data irFFor more details on the test procedure
approach and required equipment, please refeet€#tifornia Energy Commission adopted test
procedure version 2.2.

In order to compare the efficiency of the chargPG&E’s consultant Ecos conferred with SCE
to develop efficiency metrics for large three phelsargers. The metrics were designed to enable
policymakers and program implementers to distirguist only the highest but also the lowest
efficiency products in the market. They therefo@kvwequally well for minimum performance
standards and market transformation programs. P&&&nsultant Ecos then gathered market
information to estimate the number and technolgges of installed units, and identified the
relative efficiency of all chargers in the data &&ting these data, PG&E’s consultant Ecos
calculated energy and peak demand savings assbudtereplacing installed lift-truck chargers
with high efficiency chargers under three duty eystenarios: single shift, double shift, and 24-
hour shift scenarios.

5. Project Results

Part 2 of the California Energy Commission testcprure version 2.2 calls for the charger to be
engaged in three discharge/charge cycles at tliffeeetit depths of discharge. The
measurements taken distinguish between energinltis¢ charger and energy lost in the battery.
Five energy efficiency metrics are used to complageefficiency and energy use of the chargers
in the data set:

o Charge return factarthe number of ampere hours (Ah) returned to #teeby during the
charge cycle divided by the number of ampere hdalisered by the battery during
discharge. This metric measures how well the chidegiers its charge profile to the
battery’s depth of discharge. For example, all laeid batteries require some amount of
over charge to prevent the build-up of sulfidedtmnelectrodes and ensure proper battery
health, but excessive overcharge taxes the battetyghortens its useful life. Charge
return factor should never fall below 1.05 and sttt exceed 1.15 in order to maintain
proper battery health. Charge return factor ia tlata varies between 1.05-1.30.

o Power conversion efficiencthe instantaneous dc output power of the chgtgehe
battery) divided by the instantaneous ac input poRewer conversion efficiency at the
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maximum, median and minimum power levels of theghare used to evaluate the
power conversion efficiency performance of the gbaf

0 Maintenance powethe average ac power when the battery chargemisected to the
battery and delivering current in order to counteca compensate for the self discharge
of the battery. Energy consumption is measured2dnours to determine average power
of the charger during maintenance mode.

o No battery powerthe average ac power when the battery chargetisonnected to the
battery. The no battery mode test is conductedherhour. The average power over that
one hour is reported as the no battery power.

o Power factor:the ratio of the active power consumed by the battearger in watts to
the apparent power drawn in volt-amperes.

PG&E’s consultant Ecos evaluated 28 raw data pdiate PG&E's ATS Group, SCE, and

Ametek. Only nine unique chargers were tested by @@ were duplicative tests). In some
cases, the test results among these duplicatiteevtased up to 14%, so PG&E’s consultant
Ecos averaged data points from duplicate chargetsised these averages for the analysis.

Variation in charge return test results among idahSCR and ferroresonant charger models can
generally be attributed to imprecise technologydusedetect charge completion. Variation in
charge return factor for hybrid and high frequenbgrgers was within test procedure margins of
error. Variation in power conversion efficiency fiuplicative tests was typically less than 1%

for all technology types.

The data set included only two golf cart battergirgier data points and no single phase lift-truck
battery charger data points, making it impossiblprbvide meaningful quantitative analysis of
golf cart charger or single phase lift-truck tretggechnology. The results below focus on the
results of 15 three phase lift-truck battery chesgeine from SCE, five from PG&E’s ATS
Group, and one from Ametek. Complete results usethfs lift-truck analysis and the two golf
cart charger points are summarized in Appendix B.

The most common depth of discharge (DOD) is 80%uewer, the test procedure requires the
charger to be tested at 100% and 40% DOD as wedl.charge return factor for the 100% depth
of discharge was generally lower than the 80% vauad the charge return factor for the 40%
depth of discharge was generally higher than tié 8@lue. Ideally a charger should provide the
same amount of overcharge for every depth of digehd he data include eight complete
charger tests with 100%, 40%, and 80% depth ohdige results. The worst case showed a
difference between the charge return factor of 8O® and 40% DOD of 0.10. The best case
varied less than 0.01.

! For some of the data provided by SCE, power caiverefficiency was not available at all threelaége charge cycle points.
For the purposes of this analysis, PG&E’s constilEos averaged the data points that were available
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Technology Charge Average® | Maintenance | No Battery | Average®
Return Factor Power Power (W) | Power (W) Power
Conversion Factor
Efficiency
Ferroresonant Range 1.12-1.21 84% - 87% 7.0 - 293.5 7.0 - 39|15 0.0B7
Average 1.15 85% 81.7 18.2 0.92
SCR Range 1.09-1.35 81% - 88% 10.0-262.8 10.0-285.0 00.6.85
Average 1.18 85% 137.1 125.3 0.76
Hybrid Range 1.10-1.14 80% - 89% 53.0-73.9 6.0 - 19/0 0.887
Average 1.12 86% 62.3 141 0.91
High Range| 1.06-1.29 91% - 92% 23.8-108.p0 23.8-108.0 30@99
Frequency
Average 1.15 92% 48.4 48.4 0.96

Note: Charge return factor varies based on deptlischarge of the battery; the charge return dathis table represents 80%
depth of discharge, which is the most common sthtischarge. Battery capacity was normalized @ A&B to account for the
different size batteries that were used in indisidests? Average values represent the average of the déte aigh, low, and

middle power levels.

Table 3: Three Phase Lift-truck Battery Charger Rarge of Performance

Table 3 shows the four major charger types andcestsad efficiency metrics. Note that there are
significant differences in all the metrics, everthin one technology. Because of the wide
variation, the average does not necessarily reprasigypical product, but it does provide some
insight into strengths and weakness of each teolggdlype. Power conversion efficiency and

power factor are characteristics associated wihrtelogy type. The charge return factor,

maintenance, and no battery power averages arenkemsingful because these characteristics are
associated with charge control circuitry design sophistication of standby power circuitry.
Charge return factor, maintenance, and no bat@mepcan be improved in any of the four

technologies’

Figure 1 compares annual energy use of 15 thresedliatruck battery chargetsto the two
most important energy use performance factors.gehgeturn factor and power conversion
efficiency. Chargers closest to the bottom of thartare the most efficient (lowest energy use).
Although it is possible to group battery chargeyddrhnology, it is also notable that there are

2 The data set supports this conclusion for SCRritlyand high frequency (Figure 1 green marks),ruut
ferroresonant chargers in the data set have ertel@rge return factor. PG&E’s consultant Ecosézal research
suggests that better charge control circuitry cdnddmplemented in a ferroresonant design.

% For many of these lift-truck chargers, there arglidative tests in the data set.
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significant variations within each technology susigey that charger type alone is not the sole
indicator of energy use.

The most efficient chargers have the best chatgeréactor (green) and efficient power
conversion above 91%. Charge return factor, or el the charge control is implemented, is

the most important indicator of overall chargerrggause. Poor charge control (red marker in
Figure 1) can not only shorten the life of the &@att but can also be the greatest source of energy
waste in the charging system. Implementing goaigscontrol strategies is cost effective, is
applicable to all technologies, and can garnerifsoggmt energy savings. Power conversion, the
second most important metric of energy use, istéichby charger technology. The different
battery charger technologies primarily fall withiands of power conversion efficiency; high
frequency chargers are 90% and above, ferroresechangers 83% to 87%, and SCR/hybrid
chargers 80% to 90%.

54
A Charge Return Factor Technology
e | 1.15-1.30 W A scr
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e
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Power Conversion Efficiency

Note: Annual energy use is calculated using the assumptiba 24-hour shift, which is equivalent to 2@mjes a week at 7.5
hours per charge. 24-hour shift assumptions sheuatiyest energy use, but even for single or dositife scenarios, the power
conversion efficiency and charge return factorthestwo most important predictors of annual energg. The charge return data
in this figure represents 80% depth of discharge.

Figure 1: Three Phase Lift-truck Energy Usage Sensvity Plot

Even though there were variations within technojagyas useful to compare technology
averages to identify savings opportunities. PG&tgirsultant Ecos created energy savings
estimates associated with replacing an averagerésonant, SCR, or hybrid charger with an
average high frequency charger. The data setdtetichat high frequency chargers have the
lowest energy use.
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Table 4 gives a range of possible energy savirggk demand savings, and payback periods in
the absence of incentives. Note that the larggsbdunities for savings are associated with
replacing SCR and ferroresonant chargers with figguency chargers. Replacing SCR or
ferroresonant chargers with high frequency chacgedd save industrial customers $371 to
$1,008 per year. This replacement would give thetazuer a simple payback period of two to
five years. Payback period for replacing SCR amigsonant chargers with more efficient units

would occur long before the expected 20-year usgéudf a three phase lift-truck battery
chargers (Smith 2008).

Savings Achieved from Average 8- 16-hour | 24-hour
Technology High Frequency hour Shift | Shift
Replaced Shift ©
Average Annual Savings per Unit (kWH) 1,035| 2,125 2,911
Ferroresonant "k Demand Reduction per Unit (kW) 1.3 1.3 1.3
Payback Period: Incremental Cost 8.5 4.2 3.0
(yearsyf
Payback Period: Full Replacement Cost 16.2 7.9 5.7
(yearsy
Average SCR Annual Savings per Unit (kVih) 2,169 3,627 4,849
Peak Demand Reduction per Unit (kW) 0.4 0.4 0.4
Payback Period: Incremental Cost 2.5 1.5 1.1
(years)f
Payback Period: Full Replacement Cost 8.8 5.3 3.9
(yearsy
Average Hybrid | Annual Savings per Unit (kWh) 149 439 575
Peak Demand Reduction per Unit (kfv) 1.1 1.1 1.1
Payback Period: Incremental Cost 16.3 5.5 4.2
(yearsyf
Payback Period: Full Replacement Cost155.3 52.6 40.2
(years)

Note:? Details of calculation can be found in AppendiX’@eak demand savings is this case represents éh@éaik power
reduction during the charge mode of the batterygdra operation. This number does not representictint peak demand
reduction® $110 per megawatt hour is used to calculate paypedod. PG&E’s consultant Ecos estimated the ayer
incremental cost difference between ferroresonadtegh frequency chargers is about $970, betw& &d high frequency:
$593, between hybrid and high frequency: $267. &lestimates are based on a price list of 18 predumin SCE (Smith 2008)
as well as sales and cost data on four chargersEmerSys (Munton 2008)The average costs shown in Table 2 are used to
calculate payback period associated with replacentsts® An 8-hour shift is defined as seven charges pekwéth a charge
time of 7.5 hours, 63 hours per week of maintengince and 52.5 hours of no battery tinféd 12-hour shift is defined as 14
chargers per week with a charge time of 7.5 hdi8$ours of maintenance time and 0 hours of nehatime.? 24-hour shift as
20 chargers per week, 18 hours of maintenance e hours of no battery time.

Table 4: Three Phase Lift-truck Battery Charger Sawngs of Average of Technology
Performance

-10 -
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Performance | Technology Charge Power Maintenance | No Battery Power
Return Conversion | Power (W) | Power (W) Factor
Factor Efficiency
Best High 1.06 92% 23.8 23.8 0.93
Frequency
Average Ferroresonant 1.12 84% 239.5 39.5 0.9
Poor SCR 1.35 83% 10.0 10.0 0.85

Note: Charge return data in this table represedis 8epth of discharge.
Table 5: Key Three Phase Lift-truck Battery Chargers by Performance

Another way to consider energy savings is to seéleee actual products in the data set (Table 5)
that represent poor, average and best efficien@&Hs consultant Ecos determined energy use
savings associated with replacing the average aadpgerformers with the best performer in a
hypothetical retrofit scenario (Table 6). Creatargefficiency program standard that required
the best of the high efficiency chargers, simitatite high frequency shown in Table 4, and
identifying and replacing the worst of the SCR &rdoresonant chargers would enable payback
periods of less than one year to five years. Cust@nergy savings would range from 2,500 to
14,000 kWh per year.

Performance | Technology Savings compared tBest 8-hour | 16-hour | 24-hour
High Frequency Shift Shift Shift

Average Ferroresonant Annual Savings Per Unit (kWh) 2,694 4,419 5,303
Peak Demand Reduction per Unit n/a® n/a® n/a®
(kW)
Payback Period: Incremental Cost 3.3 2.0 1.7
(years)
Payback Period: Full Replacement 6.2 3.8 3.2
Cost (years)

Poor SCR Annual Savings Per Unit (kwh) 4,96 10,04614,403
Peak Demand Reduction per Unit n/a® n/a® n/a®
(kW)
Payback Period (years): Incrementa] 1.1 0.5 0.4
Cost
Payback Period: Full Replacement 3.8 1.9 1.3
Cost (years)

Note: Methodology and assumptions identical to Tabl&Phe peak power demand of the best high frequehayger is higher
than the alternatives, thus no reduction is redlize

Table 6: Three Phase Lift-truck Battery Charger Sawngs Table: Moving to Best High

Frequency

-11 -
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The data suggest that reducing large battery chargggy use by replacing the least efficient
units with high efficiency units is unlikely to ptace product peak power reductions (Table 6)
and unlikely to produce coincident peak power daehraductions (Table 7). Coincident peak
demand reductions could potential be realized gjinademand response devices although these
devices are not yet integrated into chargers.

Technology? Coincident Peak Demand Reduction Per Unit
Compared to Average® High Frequency (kW)

8-hour Shift 16-hour Shift 24-hour Shift
Ferroresonant 0.39 0.39 1.3
SCR 0.12 0.12 0.4

Note:? Hybrid chargers were not considered here becéuasevere not the likely targets for programmatjpl@aeement.”’ There
were minimal peak power demand reductions garngyexvitching to the best high frequency chargehia study. The average
of the data set was used to illustrate the opparsnCoincident peak demand reduction was calculatethubie following load
factord per shift operatior8-hour shift The load factor is 30%, because on average thgettycle will begin at 5:00 pm and
last for 7.5 hours; this equates to 2 hours of ghaluring peak period6-hour shift The load factor is 30%, because on average
one charge cycle will begin at 5:00 pm and las7térhours and the other charge cycle will be ghnithis equates to two hours
of charge during peak peri@d-hour shift The load factor is 100%, because on averagehtheyer will be charging the battery
during the peak demand period. Maintenance anchttery mode power levels were not included in thiecdent peak demand
calculation because the power levels on averageegigible.

Table 7: Coincident Peak Demand Reductioh

5. Discussion

Based on technical work in this project, widespneaplementation of high efficiency charger
technology is likely to be feasible, cost effectimad to garner significant energy savings.
Research findings suggest:

0 Because efficiency varies even within each techmotgpe, a program specification
based on the California Energy Commission testgqafore version 2.2 metrics could help
ensure program savings and enable fair comparisproducts. Making requirements
more stringent over time would continue to encoanagrket transformation.

o An initial program standard could be set basedromual energy use consumed in MWh
based on the test results created by using théo@ad Energy Commission approved
test procedure version 2.2. More data points wbeldecessary to select a standard. In
examining figure 1, a standard could be selectedHargers that demonstrated reduced

* Coincident peak demand reduction is calculatethbiiplying the connected load reduction during system
peak demand period by a load or duty cycle factwing the system peak demand period.

® Peak demand period, as defined in the CPUC Erfffipiency Policy Manual Version 2 (prepared by theergy
Division and dated August 2003) is noon to 7 p.nonilay through Friday, June 1 through September 30.

-12 -
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consumption by having improved charge return fagiower conversion efficiency or
both.

o A retrofit program may be preferable, as it couldaurage early retirement of the worst
performing chargers. The proposed Title 20 standalnech is scheduled for rulemaking
this year, will address efficiency opportunitiesiew installations. A retrofit program
could continue to deliver savings long after thestratringent proposed standards are
projected to take effect.

0 Three Phase Lift-truck battery chargers could eddo PG&E industrial site auditing
programs. Targeting large industrial ports withngigant lift truck use could enable
extremely cost-effective retrofits. A similar appch could target golf courses with large
banks of golf cart chargers that may add signifiéaad during peak periods.

o Demand response systems are not integrated indbrexlarge chargers although the
most efficient and sophisticated chargers give goress detailed information about the
state of health of the battery and other paramefEin® more sophisticated controls may
provide PG&E an opportunity to work with manufaexg to develop smart controls with
demand response features.

o In addition to PG&E customer energy savings, ineeeause of high efficiency chargers
may lead to longer battery lifetime, and theref@@uced waste and lower long term
customer costs for replacement batteries. (Higieffcy chargers have more
sophisticated charge control that avoids battegrahvarge, which shortens the life of the
battery.)

Table 8 shows the potential PG&E territory saviagsociated with early retirement of the
average SCR and ferroresonant three phase lift-tliargers. Replacing a modest 5%, or 3,600,
of these low efficiency units with products thavédigh efficiency could garner 14,300 MWh

of energy savings annually. If only the highesioghcy high frequency chargers were installed,
the total savings would more than double (Table @jven that lower efficiency ferroresonant
and SCR chargers make up approximately 80% ofni$talled stock, replacing 5% of the total
stock could be a reasonable programmatic goal.

Percentage of Three Phase
Lift-truck Units Retrofitted
in PG&E Service Territory

Number of Three Phase
Lift-truck Units Retrofitted
in PG&E Service Territory

Annual Energy Savings in
PG&E Service Territory
Associated with Retrofit

to Average High Frequency (MWh)
5% 3,600 14,300
10% 7,400 28,600
20% 14,700 57,200

Note: The energy savings was calculated using the difterdetween the “field unit” and average high fetpy charger. The
field unit was calculated using a blend of 50%dezsonant and 50% SCR chargers. Calculation ass2drlesur shift.

Table 8: Three Phase Lift-truck Retrofitting Scenaiios: Moving to Average High

Frequency
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Scenario: Percentage of | Lift-truck Units Retrofitted Annual Energy Savings in
Units Retrofitted to Most in PG&E Service Territory PG&E Service Territory
Efficient High Frequency (MWh)

5% 3,600 36,300

10% 7,400 72,500

20% 14,700 145,100

Note: The energy savings was calculated using the difterdetween the “field unit” and most efficientlinigequency charger.
The field unit was calculated using a blend of S@¥oresonant and 50% SCR chargers. Calculatiamass 24-hour shift

Table 9: Lift-truck Retrofitting Scenarios: Moving to Most Efficient High Frequency

5. Conclusions

Large battery chargers are more efficient thannticke variety of small consumer battery
chargers, such as cell phone, laptops, and powkchargers. However, large battery chargers
consume more than 4,200 GWh in California each.yeaicareful investigation reveals that
modest improvements in large battery charger efficy metrics translate into substantial energy
savings. This can be attributed to the high pawequired by large battery chargers and their
extended duty cycles.

Although research by PG&E’s consultant Ecos suggdstt there is significant efficiency
variation even within one technology type, highgfrency chargers tend to be the best
performers. The older and more common SCR andrésomant chargers tended to be the least
efficient.

Part 2 of the California Energy Commission testcprure version 2.2 provides a technology
neutral methodology to accurately measure largetyatharger performance. Although all five
metrics are important to measure, power convermsfficiency and charge return factor are the
two most significant contributors to annual enengg. The wide disparity in the estimated
annual energy consumption of battery chargersardtia set suggests a retrofit program could
yield substantial cost-effective savings. A tecloggl neutral specification, which could be
increased in stringency over time would encouragky eetirement of the least efficient
chargers. Preliminary finding suggest that replganly 5% of low efficiency units in PG&E’s
service territory could yield 36,300 MWh per yeaenergy savings.

6. Recommendations for Future Work

The purpose of this project was to conduct anahénalysis of testing results and identify
energy savings opportunities for large battery gbes. The scope of the study required PG&E’s
consultant Ecos to use some preliminary assumptamgenerate comparisons. This preliminary
research also generated some research questioeetic merit further study. Below is a brief
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list of topics PG&E and its consultant Ecos ideatlfthat could benefit from more detailed
research. Opportunities may exist to partner WigR or other IOUs to fund this research.

o

Increasing the overall population of the datasaild@nable researchers to more clearly
define the best performing chargers. Testing mgleith chargers to investigate whether
there are units with both high conversion efficeaad good charge control available in
the market would be valuable. In addition, SCRrgbes had a wide disparity of results
and could be better understood with further testiNg ferroresonant chargers were
identified that had exceptional charge return fastdhe sample set although this could
be technically feasible.

Further testing of at least ten more golf cart gkes could help identify whether or not
opportunities exist to garner savings from thisdoict class. Efforts could be made to
continue to acquire golf cart test information fr&GE and combine this with tests from
PG&E'’s ATS Group.

The variation charge return efficiency for SCR éedoresonant chargers could use
additional study to ensure estimates of accuratenpial energy savings associated with
moving from these lower efficiency units to higlediiciency chargers.

A concise site audit study in the PG&E serviceitiery could be conducted with utility
customers that use lift-truck chargers heavilyrtiter information could be gathered
about baseline chargers to verify duty cycle assiomg, battery life, frequency of
battery failure, and the potential for demand resgeoor load shifting.

A qualitative study with manufacturers of the besttery chargers may better inform the
potential for improvement. Understanding what ieasrexist to technical improvement,
market dynamics, product differentiation by effitdéy and demand response capabilities
could inform program design.

If utility customers indicate that charging lifitk batteries could be shifted off-peak,
conversations with manufacturers about the featsilnif incorporating smart demand
response controls into large chargers could ideiftthere are coincident peak demand
opportunities. Time of use rates could createnfonea incentives for end users to shift
load.

Although outside of the scope of this project, mofermation needs to be gathered to
understand if there are operational limitation®easged with hybrid and high frequency
chargers (temperature, sturdiness, etc.).

Aspects of this preliminary research and reseaipit$ mentioned above may also
inform policy on automobile battery chargers farattic and hybrid vehicles that are
outside the scope of this project. Advancementsaitery charger technologies for
vehicles could be monitored as the extended bditergnd efficient charging
technologies would be a highly desirable as well.
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Appendix B: Test Data
Tables 10 & 11 show test data compiled for thigemio Test data is for 80% depth of discharge.

Technology Index Charge | Average? Maintenance | No Battery Average®
Number | Return | Power Power (W) Power (W) Power
Conversion Factor
Efficiency

Ferroresonant 1 1.12 84% 293.5 39.5 0.91
2 1.13 84% 7.0 7.0 0.92
3 1.21 87% 18.2 18.2 0.91
4 1.15 85% 8.0 8.0 0.97

SCR 5 1.18 86% 262.8 188.0 0.80
6 1.11 81% 257.2 285.0 0.78
7 1.09 88% 18.3 18.3 0.60
8 1.35 83% 10.0 10.0 0.85

Hybrid 9 1.14 89% 73.9 19.0 0.90
10 1.10 80% 53.0 17.4 0.87
11 1.12 87% 59.9 6.0 0.97

High 12 1.14 92% 108.0 108.0 0.99

Frequency
13 1.06 92% 23.8 23.8 0.93
14 1.29 91% 28.8 28.8 0.99
15 1.11 92% 32.9 32.9 0.93

& Average values represent the average of the tligta aigh, low, and middle power levels.

Table 10: Lift-truck Battery Charger Test Data
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Technology Index | Charge | Average?® Maintenance | No Battery Average®
Number | Return | Power Power (W) Power (W) Power
Conversion Factor
Efficiency
Ferroresonant 16 1.13 74% 50.0 50.0 0.95
High 17 1.13 91% 50.0 50.0 0.97
Frequency
Note: Battery capacity normalized to 112 Ah forfgwirt battery charger efficiency metric analysis.
& Average values represent the average of the ti¢ta aigh, low, and middle power levels.
Table 11: Golf Cart Battery Charger Test Data
Appendix C: Energy Savings Calculations
Charges weeks
Eannual = (Epercharge* W + IDmaintenane * tmaintenaneper vveek+ I:)no battery* tnobatteryper Weel) * year
E =E E

savings high frequencyannual -

whereE is energy in watt hoursP is power in wattst is time in hours E,  .is annual energy

chargerannual

use, ande IS annual energy savings.

Appendix D: Large Charger Technology Description

Ferroresonant

Ferroresonant battery chargers are the most duaablevidely used battery charger for

industrial applications. They are composed of asi@mer and a tank circuit that resonates at
the designed ac input frequency to provide a fegutated circuit. The capacitor in parallel with
the inductive winding of the transformer createssonance at the specific ac input frequency.
Then the current through the winding and the veltag across the capacitor dictates the amount
of flux through the transformer. Thus, the voltagel current delivered to the battery are limited
as a function of flux. See Figure A for the ciragdidigram.

Even the most modern ferroresonant charger aréelihimm power conversion efficiency to

approximately 86% because of eddy current and niegseguration heating losses in the
transformer core.
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Figure A: Basic Ferroresonant Battery Charger

Silicon Controlled Rectifier

SCR battery chargers are also very popular in imispplications because of their low cost
and durability. SCR battery chargers are high pedeousins to typical switch mode battery
chargers. A silicone controlled rectifier (SCRug&ed to regulate voltage and current to the
battery. SCRs are a mature technology that istabléthstand high power applications. They
are limited in power conversion efficiency by svaiteg losses. This is primarily due to the fact
that they have a significantly limited frequencyndttich they can switch.

SCR'’s are being steadily supplanted by high frequeimsulated gate bipolar transistor (IGBTS),

because IGBTs have significantly lower switchingskes and can obtain much power conversion
efficiencies.

[ Transformer Rectifier

AC Input

—_— DC Output

| Power Supply
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Figure B: Basic SCR Battery Charger

Hybrid

Hybrid, also known as controlled ferroresonanttdsgitchargers uses a switching circuit in place
of the capacitor in the tank circuit to optimize ttesonances and reduce losses in the
transformer core. Power conversion efficiency camngreased to approximately 89% with this
change and charge return can also be improved.

High Frequency

High frequency battery chargers are composed wiitalgng circuit that utilizes insulated-gate
bipolar transistors (IGBTs), which can switch atamat much higher frequencies than SCRs.
High switching frequencies reduce loss and improyeer conversion efficiency. IGBTs also
enable better voltage and current control, becatifieeir ability to be switched on and off
precisely, and can improve charge return, redudaterance, and no battery power. Power
conversion efficiencies as high as 92% are commdmgh frequency chargers.

Appendix E: Energy Efficiency Battery Charging Sysem Test
Procedure Version 2.2, January 26, 2009

Energy Efficiency Battery Charger System Test Procedure

Version 2.2, January 26, 2009

Suzanne Foster Porter and Paul Bendt, Ph.D., Ecos Consulting

Haresh Kamath and Tom Geist, EPRI Solutions
Jordan Smith, Loic Gaillac, and José Salazar, SCE

Development funded by: Pacific Gas and Electric,

California Energy Commission-Public Interest Energy Research (PIER)
Program,

and Southern California Edison

-20-



Pacific Gas and Electric Company Emerging Tetdgies Program

Scope

General Scope
The purpose of the test procedure is to measureribgy efficiency of battery chargers coupled
with their batteries, which together are refer@dgbattery charger systems. This term covers
all rechargeable batteries or devices incorporaingchargeable battery and the chargers used

with them.

1)

Battery charger systems include, betrant limited to:

electronic devices with a battery that are normeltigrged from ac line voltage or dc
input voltage through an internal or external posugoply and a dedicated battery
charger;

2) the battery and battery charger components of ds\titat are designed to run on

3)

4)

5)

battery power during part or all of their duty ay¢such as many portable appliances
and commercial material handling equipment);

dedicated battery systems primarily designed fectecal or emergency backup
(such as emergency egress lighting and unintebiggpiower supply (UPS) systems);
devices whose primary function is to charge baterlong with the batteries they
are designed to charge. These units include crafgepower tool batteries and
chargers for automotive, AA, AAA, C, D, or 9 V rexlgeable batteries, as well as
chargers for batteries used in motive equipmert) si$ golf carts, electric material
handling equipment and vehicles, including liftakea (forklifts), airport electric
ground support equipment (EGSE), port cargo hagdguipment; tow tractors,
personnel carriers, sweepers and scrubbers arepéesof these types of motive
equipment.

The scope of this procedure is limited to battdrgrger systems that are rated for ac
input of 600 volts or less and that connect toutiléy grid with a plug or are
permanently connected.

Part 1 and Part 2

This test procedure contains two parts: Part 1Rartl2. Battery charger systems are to be
tested using either Part 1 or Part 2, based uposgécific scopes in C and D. Note that the test
procedures in Parts 1 and 2 share common refeggtcdefinition sections.

If a battery charger system appears to be deschipdide scope of both parts, it is to be tested
using Part 2.

Part 1 Scope

The scope of Part 1 is limited to those batteryghiasystems that operate on single-phase ac
input power or dc input power and that have a ndatenput power rating of 2 kW or less.
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This scope for Part 1 specifically excludes anydsgtcharger system which meets the
criteria of Part 2 in Section D of this Scope.

Excluded from the scope of Part 1 are battery @vagstems for on-road full-function electric
or plug-in hybrid-electric vehicles.

Laboratory testing equipment used to test and ardgtteries is specifically excluded from the
scope of this test procedure. However, batterygghasystems that provide power for portable
laboratory testing equipment are included.

The scope of Part 1 includes any battery charggmtieets the other criteria and that is packaged
or sold without batteries. Part 1, Section Il.Cdive specifies the selection of suitable batteries
for test using the procedures contained in Part 1.

Some examples of battery charger systems includ#éteiscope of Part 1 are: cellular and
cordless telephones, cordless power tools, laptappaters, cordless shavers, uninterruptible
power supplies emergency egress lighting, portaiwe tools, rechargeable toys, and marine
and recreational vehicle chargers,.

Note: The charging circuitry of battery chargesteyns may or may not be located within the
housing of the end-use device itself. In many cabesbattery may be charged with a dedicated
external charger and power supply combinationitha¢parate from the device that runs on
power from the battery.

Note: This test procedure is not intended toltateries in the absence of a corresponding
charger.

Part 2 Scope
Part 2 includes test and analysis methods to eteatha energy usage and impact of battery
charger systems for powering motive equipment.

Some examples of battery charger systems includ#étkiscope of Part 2 are chargers for
batteries used in motive equipment, such as gai$,cacighborhood electric vehicles, electric
material handling equipment and vehicles, includiftigrucks (forklifts), airport electric ground
support equipment (EGSE), port cargo handling eqaipt; tow tractors, personnel carriers,
sweepers and scrubbers.

Part 2 of this procedure does not cover the folhauwi
a) Consumer electronics products and/or houselypleldevices, with either internal or
external charger.
b) On-road full-function electric or plug-in hybr&lectric vehicles.
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c) Battery chargers for automotive, marine andéoreational vehicle starter batteries, or
batteries used in conjunction with starting or fimagrninternal combustion engines and
their accessories.

d) Battery chargers for signaling devices.

e) Electric wheelchairs or personal mobility degice

f) Systems rated for input greater than 600V.

If they meet the criteria in Section C, above, ¢hescluded devices may be covered by
the scope of Part 1.

References

This list is included for informational purposedygrand a manufacturer/tester is not required to
follow the provisions of all of the following refemnce material to conform to this test method:

ANSI/NCSL Z540-1-1994American National Standard for Calibration — Reaunrents for
Calibration of measuring and Test EquipmefiS| and NCSL, 1994.

BCIS-05: Battery Council Internation®8CI| Specifications for Electric Vehicle Batteri&CIS-
05 Rev. DECO2.

BCIS-14: Battery Council Internation@etermination of Capacity of Lead-Acid Industrial
Storage Batteries for Motive Power ServiB&€IS-14 Rev. DECO02.

BCIS-16: Battery Council Internation&tandard for Deep Cycle Battery ChargeB<1S-16

Rev. DECO2.

BCIS-18: Battery Council International, StandardBeep Cycle Fast/Battery Chargers, and
BCIS-18 Rev. MARO6

Buchmann, IsidorBatteries in a Portable World: A Handbook on Red®able Batteries for
Non-EngineersCadex Electronics Inc., 2001.

IEC 60050-300: International Electrotechnical Comssion,International Electrotechnical
Vocabulary- Electrical and Electronic Measuremeautsl Measuring InstrumentdEC 60050-
300, Edition 1.0, 2005.

IEC 60051: International Electrotechnical Commiasbirect Acting Indicating Analogue
Electrical Measuring Instruments and their Access®iEC 60051, parts 1-9, Edition 5.0, 1997.
IEC 60254-1: International Electrotechnical ComnassLead-acid traction batteries — Part 1:
General requirements and methods of td&t€ 60254-1, Edition 4.0, 2005.

IEC 61056-1: International Electrotechnical ComnaissGeneral Purpose Lead-Acid Batteries
(Valve Regulated Types) — Part 1: General Requirgspé-unctional Characteristics — Methods
of Test|EC 61056-1, Edition 2.0, 2002.

IEC 61951-1: International Electrotechnical ComnaissSecondary cells and batteries
containing alkaline or other non-acid electrolyte®ortable sealed rechargeable single cells —
Part 1: Nickel-cadmiumlEC 61951-1. Edition 2.0, 2003-2004.

IEC 61951-2: International Electrotechnical ComnaissSecondary cells and batteries
containing alkaline or other non-acid electrolyte®ortable sealed rechargeable single cells —
Part 2: Nickel-metal hydriddEC 61951-2, Edition 2.0, 2003.

IEC 61960: International Electrotechnical Commiss®econdary cells and batteries containing
alkaline or other non-acid electrolytes — Second@hyum cells and batteries for portable
applications IEC 61960, Edition 1.0, 2003.
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IEC 62133: International Electrotechnical Commiss®econdary cells and batteries containing
alkaline or other non-acid electrolytes — Safetgueements for portable sealed secondary cells,
and for batteries made from them, for use in pddapplications IEC 62133, Edition 1.0,

2002.

IEC 62301: International Electrotechnical Commiastdousehold Electrical Appliances -
Measurement of Standby PowHtC 62301, Edition 1.0, 2005.

IEEE 100: Institute of Electrical and Electroniasgiheers,The Authoritative Dictionary of

IEEE Standards Term$EEE 100, Edition 7.0, 2006.

IEEE Std 1625™ - 2008, revision of IEEE 1625-20&EE Standard for Rechargeable Batteries
for Multi-cell Mobile Computing Devices. The Instie of Electrical and Electronics Engineers,
Inc., New York, NY, USA.

USABC Electric Vehicle Battery Test Procedures ManizDE/ID-10479, Rev. 2, INEL, U.S.
DOE, 1996.

Definitions

Active Power (P)
Active power is the average value, taken over omaare cycles, of the instantaneous power
(which is the product of instantaneous voltage @mrdent).

Ambient Temperature
Ambient temperature is the temperature of the amaie surrounding the UUT.

Ampere-hour (Ah) Capacity
See "Rated Charge Capacity."

Apparent Power (S)
The apparent power (S) is the product of rms veli@gd rms current (VA).

Batch Charger
A batch charger is a battery charger that chargesot more identical batteries simultaneously
in a series, parallel, series-parallel, or paratgies configuration. A batch charger does not
have separate voltage or current regulation nos ddeve any separate indicators for each
battery in the batch. When testing a batch chatgerterm “battery” is understood to mean,
collectively, all the batteries in the batch thiag eharged together. A charger can be both a
batch charger and a multi-port charger or multiagé charger.

Battery Chemistry
The chemistry of the rechargeable battery, suchickel cadmium, nickel metal hydride, lithium
ion, lithium polymer, rechargeable alkaline, ordezcid.
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Note: The chemistry of the battery is typicallynped on the label of the battery itself, can be
found in the manufacturer’s instructions, or carob&ined from the manufacturer of the battery
system.

Battery Conditioning
A special procedure performed on a battery to ensptimal performance.

Battery Discharge Energy
The energy, in watt-hours (Wh) delivered by thddygtas measured by this test procedure.

Note: This is theneasuredattery discharge energy as distinct fromRa¢ed Battery Energy
defined below.

Battery Maintenance Mode
The state in which the battery charger systemmseoted to input power, and the battery
charger may be delivering current to the battergrater to counteract or compensate for self-
discharge of the battery.

Note: In this state, the battery is at or nearfA@apacity.

Battery Rest Period
A period of time, between discharge and chargestwéen charge and discharge, during which
the battery is resting in an open-circuit statarnmbient air.

Calculated Energy Capacity
The product (in Wh) of the Rated Battery Voltagd #me Rated Charge Capacity.

Note: This is distinct from themeasure®attery Discharge Energy defined below.

Charge Energy Management
The interactive way in which the battery is retulte proper charge and health with the
optimum amount of energy.

Charge Mode
The state in which the battery charger systemmseoted to input power, and the battery
charger is delivering current in order to bring battery from a state of discharge to a state at or
near 100% capacity.

Note: a battery charger system may have more tharclbarge mode.
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Charge Return Factor
The number of Ah returned to the battery duringdh&rge cycle divided by the number of Ah
delivered by the battery during discharge.

C-Rate
The rate of charge or discharge, expressed in tefitie rated charge capacity (see definition)
of the battery. A discharge rate of one-C drawaraent (in A or mA) equal to the rated charge
capacity (in Ah or mAh) and would theoretically chisrge the battery in one hour. Other
currents are expressed as multiples of one-C,Z0 8.one fifth of that current.

Cradle
Electrical interface between integral battery piicand the rest of the battery charging system
designed to hold the product between uses.

Crest Factor
For an ac or dc voltage or current waveform, tlestcfactor is the ratio of the peak instantaneous
value to the root-mean-square (rms) value.

Note: Crest factor is expressed as a ratio, fomgsk@ a pure sine wave has a crest factor of
1.414.

Detachable Battery

A battery which is separable from the applianceiandtended to be removed from the
appliance for charging purposes. The battery paak contain additional circuitry.

End-of-Discharge Voltage
Specified closed-circuit battery voltage at whicsctlarge of a battery is terminated.

Equalization
A process whereby a battery is overcharged, bewdrad would be considered “normal” charge
return, so that cells can be balanced, electroly¥ed, and plate sulfation removed.

External Power Supply (EPS)
An external power supply is an external module Wwidannects to ac line power and provides
power to other components of the battery chargstesy. In this test procedure, this term is used
broadly and generically. It is not limited to rdwes it exclude power supplies that may be
regulated by any particular jurisdiction or startar

External power supplies are designed to coverinacvoltage into low voltage output (either ac
or dc) and are contained in a separate housingtherproduct they are powering.
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Note: For further clarification, see Test Method €alculating the Energy Efficiency of Single
Voltage External Ac-Dc and Ac-Ac power Suppliesglist 11, 2007, at
www.efficientpowersupplies.org.

Integral Battery
A battery which is contained within the applianoel & not intended to be removed from the
appliance for charging purposes. A battery th& ise removed from the appliance for disposal
or recycling purposes only is considered to benéegral battery.

Instructions
The instructions (or “manufacturer’s instructionshall mean the documentation packaged with
the product in printed or electronic form and amfprmation about the product listed on a
website maintained by the manufacturer and acdedsyithe general public. “Instructions”
includes any information on the packaging or ongiaaluct itself. “Instructions” also includes
any service manuals or data sheets that the mantgaoffers for sale to independent service
technicians, whether printed or in electronic form.

Maintenance Management
The way in which the charger maintains the battdngn the battery is left connected and not
used for long periods.

Measured Charge Capacity
Measured charge capacity of a battery is the proofube discharge rate in amperes and the
time in decimal hours required to reach final vgéa

Multi-port Charger
A multi-port charger is a battery charger whichrges two or more batteries (which may be
identical or different) simultaneously. The batsrare not connected in series or in parallel.
Rather, each port has separate voltage and/omtuegulation. If the charger has status
indicators, each port has is own indicator(s). harger can be both a batch charger and a multi-
port charger if it is capable of charging two orrmbatches of batteries simultaneously and each
batch has separate regulation and/or indicator(s).

Multi-voltage Charger
A battery charger that, by design, can charge i@tyaof batteries (or batches of batteries if also
a batch charger) that are of different rated battettages. A multi-voltage charger can also be
a multi-port charger if it can charge two or moegteries simultaneously with independent
voltage and/or current regulation.

No-Battery Mode
The state in which the battery charger systemmeoted to input power, is configured to
charge a battery, but there is no battery conneotéite charger output.
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Note: Under normal operation by the user, theesystould begin charging a battery if one
were connected. For no-battery mode test setupesfific products, please refer to section IV.
A. of the test procedure.

No-Battery Energy
The energy used by the charger when in no-battegem

Off Mode
The state in which the battery charger is switcloéf] using a switch located on the charger, if
such a switch is included, while the charger isnemted to the input power source and used in
accordance with the manufacturer’s instructions.

Note: If the charger does not have an on/off switdhmode is the same as no-battery mode. If
the charger does have an on/off switch, the chavdenot begin charging a battery if one is
connected while the charger is switched off. Pat&loperating in Off Mode may still have
some residual power consumption, which is the pgemd measuring power consumption in the
Off Mode.

Overcharge
See “Charge Return Factor.”

Periodic Equalization Strategy
A part of charge energy management: the lengtivepaand frequency of cell overcharge and
balancing sessions necessary for the long-terntrhegh battery.

Power Conversion Efficiency
The instantaneous DC output power of the chargedetil by the simultaneous utility AC input
power.

Power Factor
The power factor is the ratio of the active powy ¢onsumed in watts to the apparent power
(S), drawn in volt-amperes (VA).

pF="
S

Note: This definition of power factor includes tiigect of both harmonic distortion and phase
angle displacement between the current and voltage.

Power Quality
The nonlinear effects of a battery charger systgmwér factor, harmonic distortion) on the
interactive utility grid — an impact on system eqeefficiency.
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Rated Battery Voltage
The battery voltage specified by the manufactuner tgpically printed on the label of the battery
itself. If a batch of batteries includes seriesrertions, the Rated Battery Voltage of the batch
is the total voltage of the series configuratidrattis, the rated voltage of each battery times the
number of batteries connected in series. Conrgeatimtiple batteries in parallel does not affect
the Rated Battery Voltage.

Note: if not printed on the battery, the rated éxgttvoltage can be derived from the electrical
configuration and chemistry of the battery.

Rated Charge Capacity
The capacity, usually given in ampere-hours (Ahndliampere-hours (mAh), specified by the
manufacturer and typically printed on the labelhef battery itself. If a batch of batteries
includes parallel connections, the rated chargaagpof the batch is the total charge capacity
of the parallel configuration, that is, the ratédige capacity of each battery time the number of
batteries connected in parallel. Connecting migitiiatteries in series does not affect the rated
charge capacity.

Note: it is the quantity of electric charge the mi@cturer declares the battery can store under
particular pre-specified test conditions.

Rated Input Frequency
Range of ac input frequencies designed to openat&)UT; assigned by the manufacturer and
usually printed on the housing of the charging devilf the UUT includes an EPS, this is the
frequency of the input to the EPS, not the freqyeiche input to the other component(s) of the
UUT.

Rated Input Voltage
Range of ac or dc input voltage designed to ope¢hat®&UT; assigned by the manufacturer and
usually printed on the housing of the charging devilf the UUT includes an EPS, this is the
voltage of the input to the EPS, not the voltagéhefinput to the other component(s) of the UUT
(from the EPS).

Specific Gravity
The ratio of the density of a given substance (gatiery electrolyte) to the density of water,
when both are at the same temperature.

Swappable Battery
A battery that is intended to be charged in thdiappe but which may be detached from the
appliance so that another battery can be attachég:tappliance.
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Total Harmonic Distortion (THD)
Total harmonic distortion is a measure of the degoevhich a waveform departs from a pure
sinusoidal waveform. It is defined as the ratiahaf vector sum of all harmonic components
(greater than 1) to the magnitude of the fundanteritar instance, for a voltage waveform,
THD is defined by the equation:

THD = \/V22 VS AV VY
= v

where \{ is the rms voltage of th& harmonic.

UPS
Uninterruptible Power Supply

uuT

UUT is an acronym for “unit under test,” which imd document refers to the combination of the
battery charger and battery being tested.
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PART 1:

|. Standard Test Conditions

General
The test sequence is summarized in the table beld@asurements shall be made under test
conditions and with the equipment specified beldwr some products, multiple tests are
required. The required tests may be at diffengtii voltages (see Part 1, Section 1.D),
different charge rates (see Part 1, Section A}l using different batteries (see Part 1,
Section 1.C). When two or more of these applycambinations of specified input
voltages, specified charge rates, and specifigeied shall be tested.

Table A: Test Sequence

Equipment Needed
- Data Battery
Step | Description Taken? Batter | Charge Analyze Ac Power
y r ] Meter
Record general data
1 on UUT Yes X X
Battery conditioning,
2 Section VI.A No X X
Prepare battery for
3 test, Section VI.B No X X
Battery rest period,
4 Section VI.C No X
Conduct Charge
Mode and Battery
> Maintenance Mode ves X X X
Test, Section VI.D
Battery rest period,
6 Section VI.E No X
Conduct Battery
7 Discharge Energy | Yes X X
Test, Section VI.F
Conduct No-Battery
Mode Test and Off
8 Mode Test, Section Yes X X
VIl
9 Compile data into No
report
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Measuring Equipment
All input power measurements shall be made withitakly calibrated power analyzer.
Measurements of active power of 0.5 W or greataell §ie made with an uncertainty 22
%. Measurements of active power of less than 0gh® be made with an uncertainty<of
0.01 W. The power measurement instrument sha# lagwvower resolution of:

= 0.01 W or better for measurements up to 10 W,
= 0.1 W or better for measurements of 10 to 100 W,
= 1 W or better for measurements over 100 W.

Measurements of energy (Wh) shall be made withreetainty of 2%.
Measurements of voltage and current shall be maithean uncertainty of 1 %.

Measurements of temperature shall be made witmeertainty o 2 °C.

Note: For suggestions on measuring low power fe\sde IEC 62301, especially Section
5.3.2 and Annexes B and D.

Test Room
All tests, battery conditioning, and battery restipds shall be carried out in a room with an
air speed near the UUT &f0.5 m/s. The ambient temperature shall be maietbat 20° C
+ 5° C throughout the test. There shall be nonitid@al cooling of the UUT by use of
separately powered fans, air conditioners, or bieé&s. The UUT shall be conditioned,
rested, and tested on a thermally non-conductixfacel

Note: Products intended for conditions outsidehef specified range may be tested at
additional temperatures, provided those are intexidio the conditions specified above and
are noted in a separate section on the test rejdédnen not undergoing active testing,
batteries shall be stored at 20° C £ 5 °C.

Input Reference Source: Input Voltage and Input Fequency
If the UUT is intended for operation on ac linetagle input, it shall be tested at two voltage
and frequency combinations: 115 V at 60 Hz and\230 50 Hz, if its nameplate input
voltage and frequency indicate that it can opesafely under both conditions. If testing at
both conditions is not possible, the UUT shall ésté¢d at the one voltage and frequency
combination above that is within its nameplate agdt and frequency ranges.

If the UUT is intended for operation on ac inpub#ter than line voltage, it shall be tested
once with the following combination of voltage anequency:

The voltage at the midpoint of its rated input agk range
The first of the following frequencies that is withts rated input frequency range: 60 Hz, 50
Hz, or the midpoint of its rated input frequencpge.
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If a charger is powered by a low-voltage dc ormguuit, and the manufacturer packages the
charger with an EPS, sells, or recommends an agtlBiRS capable of providing that low
voltage input, then the charger shall be testedgusiat EPS and the input reference source
shall be a suitable input for the EPS.

If the UUT is intended for operation only on dcunpoltage (and does not include an EPS),
it shall be tested with one of the following inpaitages: 12.0 V dc for products intended for
automotive, recreational vehicle or marine use\sdz for products drawing power from a
computer USB port, or the midpoint of the rateduinyoltage range for all other products.

The input voltage shall be within £ 1 % of the dfied voltage.

If the input voltage is ac, the input frequencylsba within + 1 % of the specified
frequency. The THD of the input voltage shalkb2%, up to and including the 13
harmonic. The crest factor of the input voltagallshe between 1.34 and 1.49.

If the input voltage is dc, the ac ripple voltageg) shall be:

for dc voltages up to 10 \£ 0.2 V;
for dc voltages over 10 Vx 2 % of the dc voltage.

I1. Battery Charger System Setup Requirements

General Setup
The battery charger system shall be prepared @ngpse accordance with the
manufacturer’s instructions, except where thosguongons conflict with the requirements of
this test procedure. If no instructions are giwden factory or “default” settings shall be
used, or where there are no indications of sudingst the UUT shall be tested as supplied.
If the battery charger unit is powered by an exdepower supply, it shall be tested with the
external power supply packaged with the unit.

If the battery charger has user controls to séteat two or more charge rates (such as
regular or fast charge) or different charge cuggetite test shall be conducted with each of
the possible choices. If the charger has useraisrfor selecting special charge cycles that
are recommended only for occasional use to presmttery health, such as equalization
charge, removing memory, or battery conditionilgse modes are not required to be tested.
The settings of the controls shall be listed inrdqeort for each test.
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Age of Battery Charger System
The UUT, including the battery charger and its asged battery, shall be new products of
the type and condition that would be sold to aaustr. It shall be tested within 3 months of
the date of purchase. If the battery is lead-abemistry and the battery is to be stored for
more than 24 hours between its initial acquisiiod testing, the battery shall be charged
before such storage.

Selection of Batteries to Use for Testing
The battery or batteries to be used for testingalected by a two-step process. First, the
technician shall determine all the batteries tihat‘associated with” the charger, as described
below. Then, from the set of associated battetiestechnician shall select those to be
tested, as described below.

1) Batteries “associated with” the charger shaltibermined using Table B. For a batch
charger, technician shall follow first the procesltor either “packaged with batteries” or
“not packaged with batteries,” then consider afifigurations of those batteries.
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Table B. Batteries Associated with a Charger

Conditions Associated Batteries

Charger comes packaged with batterieq1) All batteries included with the product, and

(2) Any and all optional or high-capacity batteries
sold by the same manufacturer and identified in
the instructions of either the product or the
battery as suitable for use with the product.

Charger is Charger manufacturer | Any and all batteries sold lilie same
not packaged| also sells batteries manufacturer and identified in the instructions pf
with batteries either the product or the battery as suitable far|u
with the product

Manufacturer does not | Any and all batteries recommended in the
sell batteries, but does | instructions as suitable for use with the charger.
recommend batteries in If more than three manufacturers are
the instructions recommended, it shall be sufficient to consider
only readily available batteries by three major
manufacturers.

Manufacturer neither | Any and all readily-available batteries made by
sells nor recommends | three major manufacturers and which the charger

batteries is capable of charging
For any batch charger (whether or not| Also include as a separate “associated batteryy:
multi-port and whether or not multi- every combination of two or more identical
voltage) batteries (meaning same manufacturer and same

model) as determined above, connected in a
configuration that the charger is capable of
charging.

Note:

Example 1: a AA charger can charge batches loée or 4 AA batteries. It comes
packaged with 4 standard AA batteries. The manufacalso sells high-capacity AA
batteries. Result: there are four associatedrixdte

2 standard AA
4 standard AA
2 high-capacity AA
4 high-capacity AA

Example 2: Another manufacturer makes a chargércttages batches of 2 or 4 AA
batteries, or it can charge 2 C or 2 D batteri#sis manufacturer neither sells nor
recommends batteries to use with it. A surveyoohe local retail stores show that
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manufacturers X, Y and Z are carried at most stoiié®e survey also finds that: X sells both
standard and high-capacity AA batteries and C amétieries; Y sells one type each of AA,
C, and D; Z sells only one capacity of AA batteri€esult: there are twelve associated
batteries:

2 standard AA batteries by X 2 AA batteries by Y
4 standard AA batteries by X 4 AA batteries by Y
2 high-capacity AA Batteries by X 2 C batteries by Y
4 high-capacity AA batteries by X 2 D batteries by Y
2 C batteries by X 2 AA batteries by Z
2 D batteries by X 4 AA batteries by Z

2) From the list of associated batteries, technisiaall use Table C to select the batteries
to be used for testing depending on the type ofgehdbeing tested. A charger is
considered as:

Single-capacity if all associated batteries hagestime rated charge capacity (see
definition) and, if it is a batch charger, all datonfigurations have the same rated
charge capacity; or

Multi-capacity if there are associated batteriebaich configurations that have different
rated charge capacities.

In many cases, multiple tests are required witferBht batteries. Each of these batteries
shall be tested at each applicable input voltageeach applicable charge rate, as
specified by Part 1, Sections I.D and II.A.

In Table C, below, each row represents a mutuaityusive charger type. Technician
shall find the single applicable row for the UUTdatest according to those
requirements.

Table C. Battery Selection for Testing

Type of charger Tests to perform

Multi- Multi- | Multi- Number| Battery selection (from all configurations of all
voltage?| port? | capacity? of tests associated batteries)

No No No 1 Any associated battery

No No Yes 2 Lowest charge capacity battery
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Highest charge capacity battery

No Yes Yesor |2 Use only one port and use the minimum
No number of batteries with the lowest rated
charge capacity that the charger can charge

Use all ports and use the maximum number pf
identical batteries of the highest rated charge
capacity that the charger can accommodate

174

Yes No No 2 Lowest voltage battery

Highest voltage battery

Yes Yes to either 3 Of the batteries with the lowest voltage, use the
or both one with the lowest charge capacity. Use only
one port

Of the batteries with the highest voltage, use
the one with the lowest charge capacity. Us
only one port.

D

Use all ports and use the battery or the
configuration of batteries with the highest total
calculated energy capacity

Other Non-Battery-Charger Functions
Any optional functions controlled by the user amd associated with the battery
charging process (i.e., a radio integrated intordless tool charger) shall be switched
off. If it is not possible to switch such funct®off, they shall be set to their lowest
power-consuming mode during the test. The actiakesn by the technician to reduce
power use by non-battery charging functions shalidzorded in the report.

If the battery charger unit has other electricadrerctions associated with its other
functionality (such as phone lines, serial or USBreections, Ethernet, cable TV lines,
etc.) these connections shall be left disconnedtethg the testing.

Note: some examples of other functionality are:

Example 1: If there is a radio in the same houamg tool battery charger, the radio shall
be switched off for all the tests. The user idamger able to listen to the radio, so the
only functionality available to the user (to bearted on the report) is the “On-Off
switch for the radio.” If the radio also providesligital clock display that remains
operating when the radio is switched off, that sbalnoted in the report as well.
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Example 2: A cordless phone battery charger alstagas the circuitry for monitoring
the phone line for a call. This functionality cahibe disabled and so shall be recorded
on the test procedure report as “monitoring phamefor incoming call.”

Duration of the Charging and Maintenance Mode Test
The charging and maintenance mode test, Part lipBélt.D, shall be 24 hours or
longer, as determined by the items below, in oadqareference:

If the battery charger has an indicator to show tiwa battery is fully charged,
that indicator shall be used as follows: If thedigator shows that the battery
is charged after 19 hours of charging, the tedt bbaerminated at 24 hours.
Conversely, if the full-charge indication is not ypeesent after 19 hours of
charging, the test shall continue until 5 hoursratfhe indication is present.

If there is no indicator, but the manufacturer’stinctions indicate that charging
this battery or this capacity of battery shouldcbenplete within 19 hours, the
test shall be for 24 hours. If the instructiondicate that charging may take
longer than 19 hours, the test shall be run foldhgest estimated charge
time plus 5 hours.

If there is no indicator and no time estimate ia ithstructions, but the charging
current is stated on the charger or in the instvast calculate the test
duration as the longer of 24 hours or:

RatedChargCapacityf\h)
ChargeCumnt(A)
If none of the above applies, the duration of g shall be 24 hours.

Duration=14* + 5Hours

Access to the Battery for Discharge Test
The technician may need to disassemble the engrodect to gain access to the battery
terminals for the Battery Discharge Energy Tesanhfacturer’s instructions for
disassembly shall be followed, except those instas that: a) lead to any alteration of
the battery charger circuitry or function or b)tthantradict requirements of this test
procedure. Care should be taken by the techndiiaing disassembly to follow
appropriate safety precautions. If the functiagadf the device or of its safety features
is damaged, the product shall be discarded afénte

Some products may include protective circuitry eswthe battery cells and the
remainder of the device. In some cases, it isiplesthat the battery cannot be
discharged without activating protective contratuitry. If the manufacturer provides a
description for accessing connections at the ouptite protective circuitry, the energy
measurements shall be made at the terminals dfateries, so as to not include energy
used by the protective control circuitry.
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If the battery terminals are not clearly labeleghnician shall use a voltmeter to identify
the positive and negative terminals. If thereraoge than two terminals, the additional
ones are usually a temperature sensor and/oridaeta ITechnician shall search for the
two terminals that give largest voltage differeaoel are able to deliver significant
current (0.2C) into a load.

If the technician, despite diligent effort and w$¢he manufacturer’s instructions:

a) is unable to access the battery terminals;
b) determines that access to the battery termdedtroys charger functionality; or
C) is unable to draw current from the battery

then the Battery Discharge Energy and the ChargmgMaintenance Mode Efficiency
shall be reported as “zero.” The notes on thentegi@ll describe the problems
encountered.

Batteries with No Rated Charge Capacity.
If there is no rating for the battery charge catyagn the battery or in the instructions,
then the technician shall determine a dischargeentwhich meets the following
requirements. The battery shall be fully charged then discharged at this constant-
current rate until it reaches the end-of-discha@eage specified in Table D. The
discharge time must be not less than 4 hours noe than 5 hours. In addition, the
discharge test (Part 1, Section IlI.F) (which maylpe starting with a fully-charged
battery) shall reach the end-of-discharge voltageim5 hours. The same discharge
current shall be used for both the preparations Rart 1, Section I11.B) and the
discharge test (Part 1, Section Ill.F). The teport shall include the discharge current
used and the resulting discharge times for botlilg€harged battery and for the
discharge test.

For this section, the battery is considered ady‘fttharged” when either (a) it has been
charged by the UUT until an indicator on the UUBwh that the charge is complete, or
(b) it has been charged by a battery analyzercatrant not greater than the discharge
current until the battery analyzer indicates thathattery is fully charged.

Note: When there is no capacity rating, a suitaideharge current must generally be
determined by trial and error. Since the conditigrstep does not require constant-
current discharges, the trials may also be coum¢dshttery conditioning. Further, the
preparation step may be used as the proof thachalige current is suitable, provided
that the battery is “fully charged.”
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I11. Measuring the Battery Charger System Efficiency

Condition the Battery
No conditioning is to be done on lead-acid or lithtbased batteries.

NiCd or NiMH batteries that have not been previguwsicled are to be conditioned as
follows: The batteries are to be fully charged #meh fully discharged (100% DOD).

This cycle is repeated once, then the batteryllig ¢harged again. This amounts to three
charges separated by two discharges. Either erpamalyzer or the UUT may be used
to perform the battery conditioning.

NiCd or NiMH batteries that are known to have b#eough at least two previous full
charge/discharge cycles shall be charged only once.

Note: The full discharge, which is the batterygamation step, should erase any memory
effect in NiCd or NiMH batteries. Any conditionimgcessary for lead-acid or lithium
batteries is generally done by the manufacturesreehe product is packaged.

Prepare the Battery for Testing
Prior to testing, the battery shall be discharg€lis discharge shall be done using a
battery analyzer that draws a constant dischargerduof 0.2C. When the battery
voltage reaches the end-of-discharge voltage fdriihttery chemistry or the UUT
circuitry terminates the discharge, the dischalgdl e terminated by opening the
battery circuit.

If the battery has been previously used for tegtiogexample, testing the charger in
another mode) and the battery has just complee8dttery Discharge Energy Test
(section VI.F below), that battery may be consideas having just completed this
preparation step.

If the discharge time required to reach the endis¢harge condition is less than 30
minutes, these additional steps shall be takere bEttery shall be recharged to 30% or
more of its rated charge capacity (see definitioff)en the battery preparation shall be
conducted again. If the discharge time is agaa than 30 minutes, the battery shall be
considered defective. Technician shall repeatdbeprocedure with another suitable
battery.

Battery Rest Period
The battery or batteries shall be rested betweepapation and charging. The rest period
shall be at least one hour and not more than 2#shdtor batteries with flooded cells,
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the electrolyte temperature shall be < 30 °C betbarging, even if the rest period must
be extended longer than 24 hours.

Charge Mode and Battery Maintenance Mode Test
The Charge and Battery Maintenance Mode test measiie energy consumed during
charge mode and some time spent in the maintemaade of the UUT. Functions
required for battery conditioning that happen amith some user-selected switch or
other control shalhot be included this measurement. (The technician stedually turn
off any battery conditioning cycle or setting.) gRéarly occurring battery
conditioning/maintenance functions that are noticdled by the user will, by default, be
incorporated into this measurement.

During the measurement period, power values slealeborded at least every minute. If
possible, technician shall set the data loggingtord the average power during the
sample interval. This allows the total energy @acbmputed as the sum of power
samples (in watts) times the sample interval (iarBp If this setting is not possible, then
the power analyzer shall be set to integrate ouractate the input power over the
measurement period and this result shall be us#tkastal energy.

Technician shall follow these steps:

Ensure that the battery(ies) used in this test haea conditioned, prepared, and
rested as described above.

Connect the metering equipment to the battery @rarg

Ensure that user-controllable device functionaliby associated with battery
charging and any battery conditioning cycle orisgtare turned off.

Record the start time of the measurement periadlpagin logging the input
power.

Connect battery(ies) to the battery charger withminutes of beginning logging.

After the battery(ies) are in inserted, recordithial time, power (W), power
factor, and crest factor of the input current. S¢heneasurements should be
taken within the first 10 minutes of active chaggin

Record the input power for the duration of the “@frag and Maintenance Mode
Test” period, as determined by Part 1, Section IlMBe actual time that
power is connected to the battery charger systeth Isé within £5 minutes
of the specified “Charging and Maintenance ModetTgsriod, as
determined by Part 1, Section IL.E.

During the last 10 minutes of the test, recordpbeer factor and crest factor of
the input current.

Disconnect power for the battery charger and teateidlata logging. Record the
final time.
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After the measurement period is complete, techniskall determine the average
maintenance mode power consumption as follows: Ex@the power-versus time data.
If the last 4 hours show the power consumptiong@teady or slowly varying, use the
average power value over the last 4 hours. Ihtaeétenance mode power is cyclic or
shows periodic pulses, compute the average powaratime period that spans an
integer number of cycles and includes at leastatste4 hours.

Battery Rest Period
The battery or batteries shall be rested betweargoig and discharging. The rest
period shall be at least one hour and not more4haours. For batteries with flooded
cells, the electrolyte temperature shall be < 3bére charging, even if the rest period
must be extended longer than 4 hours.

Battery Discharge Energy Test
The purpose of this test is to measure the extolctnergy from the battery associated
with the battery charger system. The battery usékis test shall be the same battery
used for previous tests in this section.

If multiple batteries were charged simultaneousig, discharge energy is the sum of the
discharge energies of all the batteries:

For a multi-port charger: batteries that were chdrig the separate ports shall be
discharged independently.

For a batch charger: batteries that were chargedoasch may be discharged
individually, as a batch, or in sub-batches coreetat series and/or parallel. The
position of each battery in the batch configurati@ed not be maintained.

During discharge, the battery voltage and dischaugeent shall be sampled and
recorded at least once per minute. The valuesdedanay be average or instantaneous
values.

For this test, technician shall follow these steps:

Ensure that the battery has been charged by thedfidTested according to the
procedures above.

Set the battery analyzer for a constant dischangeist of 0.2C and the end-of-discharge
voltage in Table D for the relevant battery cheryist

Connect the battery to the analyzer and begin daegthe voltage and current.

When the end-of-discharge voltage is reached oUtHE circuitry terminates the
discharge, the battery shall be returned to an-gpenit condition. If for any reason,
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current continues to be drawn from the batteryrafte end-of-discharge condition is first
reached, this additional energy is not to be caliimtéhe battery discharge energy.

The battery discharge energy (Wh) is calculatechbitiplying the voltage (V), current
(A) and sample period (h) for each sample, and suemming over all sample periods
until the end-of-discharge voltage is reached.

Table D: Required Battery Discharge Rates and End{feDischarge Battery Voltage

Battery Chemistry Discharge Rate| End-of-Discharge VWltage
Valve-Regulated Lead Acid (VRLA)| 0.2C 1.75 volergell

Flooded Lead Acid 0.2C 1.70 volts per cell

Nickel Cadmium (NiCd) 0.2C 1.0 volts per cell

Nickel Metal Hydride (NiMH) 0.2C 1.0 volts per tel

Lithium lon (Li-lon) 0.2C 2.5 volts per cell

Lithium Polymer 0.2C 2.5 volts per cell
Rechargeable Alkaline 0.2C 0.9 volts per cell

Other Chemistries 0.2C Per appropriate IEC stahdar,
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IV. No-Battery Mode and Off Mode Tests

These tests measure the power consumed by theechvengn it is not charging a battery.
The tests shall be conducted after the ChargingBatigry Maintenance Mode Test (Part
1, Section I1.D), while the battery is restingh®ing discharged.

If Part 1, Section II.C requires testing with ménran one battery, the No-Battery Mode
and Off Mode tests do not need to be repeatedewsith battery. If the charger has
multiple charging modes, as described in Part &ti@ell.A, the No-Battery Mode Test
shall be performed for each mode and at each wyitdge (see Part 1, Section I.D). The
Off Mode Test needs to be performed only once et @gput voltage (see Part 1, Section
I.D).

Setup
Technician shall determine which of these threegmies best describes the product:

1) The charger, the battery, and the product beingepedvare never disconnected
during normal use of the product. There is onbower cord between the power
source and the single housing that contains alege components.

Examples: Most emergency egress lights, UPSs andIsy power supplies,
many electric shavers and electric vehicles.

Note: In these products, it may be possible forctvesumer to disconnect the
battery for battery replacement, but the batteryisdisconnected during normal
use.

2) The charger and the product being powered arearstected. The batteries are
moved between them for charge and product end use.

Examples: Many cordless power tools and most AAwardersal battery
chargers.

3) The battery and the product being powered stayexied during normal use. The
product can be readily connected to or removed fiarharger or a charging base.
This category applies even if the charge contrautiry is in the device with the
battery and the external “charger” is really a ¢ansvoltage power supply, such
as most laptop computers.
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Examples: most cordless phones, cell phones, lajgoyputers, and electric
toothbrushes, many cordless vacuums and most atitenamd golf cart chargers.

Category 1 Products

The no-battery test does not apply to productsate@ory 1. The no-battery mode power
shall be reported as “not applicable” (N/A). THemode test may or may not apply
depending on the following:

» If the product does not have an “on/off” switchtthans the charger off, the off
mode does not apply. The off-mode power shall perted as “not applicable”.
The off mode power and a separate test shall nobbducted.

Note: the battery should be resting open circuihitstage in preparation for the
battery discharge energy test of Section VI.F.

Category 2 Products

Both the no-battery mode and off mode tests skatidnducted for products in category
2. After completion of the Battery Charging andiManance Mode Test, the batteries
shall be removed from the charger and the chalgsl Ise connected to input power. Do
not change any settings or controls on the chdogehe no-battery mode test.

Category 3 Products

Both the no-battery mode and off mode tests skatidnducted on products in category
3. After completion of the Battery Charging andiManance Mode Test, set up the
product for the no-battery mode test as follows:

» If the product has a charging ba#ie portable device shall be removed from
the charging base and the charging base shallrbeected to input power. If
the charging base uses an EPS, the EPS shall beated to input power and
to the charging base.

» If the product does not have a charging base bed tlave an external charger
or an EPS: the product shall be disconnected trenctharger or the EPS.
The charger or EPS shall be connected to input powe

Technician shall not change any settings or canalthe charger or charging base for
the no-battery mode test.
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No-Battery Mode Test
After connecting and powering the UUT in its notbat mode setup, allow it to

operate for at least 30 minutes.

Integrate the energy consumed over a time periad lefast 10 minutes,
Record the power factor and the crest factor ofrtpat current at some time

during or after the 10-minute period.

Divide the energy (Wh) by the integration time lfiours) to get the No-battery

Mode Power (W).

Off Mode Test
If there is not an “on/off” control which turns tibattery charger off, the Off Mode Test
is not applicable. In this case, report the Offdd@ower, power factor, and crest factor
as “not applicable” (N/A). If there is an “on/of€ontrol for the charger, perform the
following steps:

1)
2)
3)
4)

5)

After completion of the No-Battery Test, if applite, set the “on/off” control
in the “off” setting.

Allow the charger to operate for at least 30 miaute

Integrate the energy consumed over a time periad lefast 10 minutes,
Record the power factor and the crest factor ofrthat current at some time
during or after the 10-minute period.

Divide the energy (Wh) by the integration time lfiours) to get the Off Mode
Power (W).

V. Reporting Requirements

The following information shall be recorded aboatte UUT and each test performed.
Quantitative values shall be reported to the piecisf the measurement, not rounded by
technician.

General

1)
2)
3)
4)
5)
6)
7
8)
9)

Name of technician performing the test

Organization performing the test

Location of the test (physical address)

Time and date of each test

Make and model of measurement equipment

Input power voltage (V)

Input frequency (hertz), if ac

Manufacturer and model number of battery charger

Other functionality of battery charger, if any (ssetion V.D for more details)

10)Manufacturer and model number of battery
11)Standard size or type of battery (AA, C, D, ettgpplicable
12)Number of batteries employed in the test

13)Battery chemistry

- 46 -



14)Rated battery voltage (V)

15)Rated battery capacity (Ah or mAh)

16)Any information provided by the manufacturer regagdaccess to the battery,
particular safety requirements, etc.

17)Whether the battery charger system is detachatitgral, swappable, or does
not meet any of these definitions.

18)Whether the battery charger system includes aeradl

Charge and Maintenance Mode Test

1) Total charger input energy (Charge and Mainten&masgy) accumulated
over the entire duration of the test (Wh)

2) The total time duration of the charging test (aste24 hours)

3) Average power during maintenance mode (W)

4) The time duration used for the maintenance modesp@at least 4 hours)

5) True power factor at beginning and end of the ohéegt

6) The crest factor of the input current at the beigigrand end of the charge test

7) The length of the rest period before charging (hmrand, if applicable, the
electrolyte temperature at the beginning of chayghc).

8) Sample rate used during test(s)

9) The steps taken, if any, to turn off or reducepgbeer consumption of other
functionality and a description of the other funatlity that could not be
turned off, if any.

Battery Discharge Test

1) Energy delivered during discharge (Wh)

2) Starting battery voltage (V)

3) Ending battery voltage (V)

4) The length of the rest period before dischargeriim) and, if applicable, the
electrolyte temperature at the beginning of disga4fC)

5) Sample rate used during test(s)

6) A brief description of the steps taken, if anygtn access to the battery
terminals.

No-Battery Mode and Off Mode Tests
1) Category of product
2) Average no-battery mode power (W)
3) No-battery mode power factor and input currenttdiasor
4) Average off mode power (W)
5) Off mode power factor and input current crest facto

Additional Information

1) Any observations, notes or comments by thadabnician, in general or as
required for certain special cases and exceptions.
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Pacific Gas and Electric Company Emerging Teldgies Program

PART 2:

|. Standard Test Conditions;

A. Measuring Equipment

The following test equipment is required.

1) Power meter (AC and DC) with kWh integration andwva sampling rate of at least
128 samples per 60 Hz cycle.

2) Power analyzer integrated with data logger (fortiemous recording of Total
Harmonic Distortion & Power Factor).

3) An Ah counter or meter on the battery side.

4) A device to discharge a battery at a specifiedaateduty cycle down to a specific
depth of discharge. This can be a battery cyclévan bank.

5) Personal computer.

6) Thermometers — for ambient and battery conditions.

7) Barometer — for environmental pressure.

8) Hygrometer — for environmental humidity.

9) Temperature compensated specific gravity meteed tssverify condition and state
of charge of a flooded, lead-acid battery.

10)Volt meter.

11)Timer.

Note: the state of health of the battery must loerégined. The battery must be in a state of
condition to provide a minimum of 80% of namepleapacity at the nominal rate in order to be
used in this test procedure, and must maintaini¢vat of health throughout the procedure. To
determine state of health, have the battery cedtifiy a qualified agency, or perform the state of
health verification per BCIS-14 (see Referencésjest battery used for a series of tests by a lab
over an extended period shall be tracked for sthftealth and tested appropriately to ensure that
it is above 80% of nameplate capacity.

B. Equipment Tracking and Accuracy
All equipment used to conduct the tests must betified and recorded by tracking or serial
number. It is required that equipment be calilwtat€he calibration should meet the National
Institute of Standards and Technology’s (NIST)lmalion policy and meet the intent of

ANSI/NCSL Z540-1-1994. The NIST’s calibration pmfirequires the reporting of calibration
results, with measurement results accompanieddggtbociated measurement uncertainties.

Each (voltage, current, temperature, etc.) measemeshall be made with an uncertainty<df%.

Total uncertainty with calculated data (energy, povetc.) shall be 2%.

Industrial Battery Charger Energy Savings Oppaotiesi
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Equipment data of all devices used in the testlalrecorded, along with test equipment ID and
calibration date. The information that shall beoreed includes:

1) ID number

2) Calibration date

3) Calibration expiration date

4) Type of instrument (power meter, battery dischargtr.)
5) Comments on sample rate

C. Input Reference Source: Input Voltage and Input Freuency

In order to help separate the local infrastrucaifects on the readings, follow these guidelines to
ensure accurate power quality assessment:

1) Test voltage harmonic distortion: Must be less tB#@ntotal under normal operating
conditions, from no load to full load. Measure A@Qurce THD after AC input
power meter and before UUT.

2) Voltage (RMS) Tolerance: + 3%

3) Frequency: 50 or 60 Hz + 1%

I1. Battery Charger System Setup Requirements

A. Outline of Test Procedure

1) Assure compatibility and effectiveness of chargetdyy combination (11.B)
2) Receive certified battery to be used for the pracedl.A)
3) Record nameplate and equipment data (1.B)

4) Set-up test (1.A,B,C)

5) Prepare battery with preliminary cycles (l1.C,D)

6) Discharge battery — 3 scenarios (II.D, Ill.A.1)

7) Charge battery — 3 scenarios (Il.E, 111.A.2)

8) Monitor Battery Charge Maintenance — 72 hoursg)il.
9) Monitor “No-Battery” state — 1 hour (111.C)

10)Compile data and analyze (1V)

11)Report (1V)

B. Charger/Battery Selection and Qualification

A battery and charger combination to use for tiséeust be selected and qualified. The battery
shall be matched to the charger capabilities.

If the charger is capable of charging a range tiEbasizes, test both the highest and lowest
capacity values, as well as the highest and lowatdge levels for the battery, if applicable.Hét
charger has multiple charging profile options, eecéarging profile shall be tested. This means if
the charger is capable of charging multiple battegyacities for each charge profile, each profile
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shall be tested with both the highest and lowetebacapacities, as well as the highest and lowest
voltage levels for the battery if applicable.

Determine that the charger/battery system perfannasway that charges the battery properly and
maintains the health of the battery by readingstiecifications and operational parameters and
verifying with the manufacturers of both the battand the charger that they are compatible and
effective as described in BCIS-16 (see Refereneed).

Report the specifications and operational pararsgtéboth the battery and the charger, regarding
periodic equalization, as published by the manufacs.

For the charger, the information that shall be reed includes:

1) Manufacturer

2) Model name

3) Model number

4) Serial number

5) Electronics type (silicon controlled rectifier, feresonant, etc.)
6) Rated input voltage and current

7) Rated battery size(s)

8) Rated output voltage and current

9) Charge method (fast, pulse, intelligent, inductiviekle)
10)Number of ports

Pertinent charger observations, or accompanyirtguictsonal manual descriptions shall also be
recorded on the test forms.

For batteries, the information that shall be reedrihcludes:

1) Manufacturer

2) Model name

3) Serial or ID Number

4) Chemistry

5) Construction (flooded lead acid, value regulatedl lacid, gel, etc.)
6) Number of cells

7) Rated Voltage

8) Rated Ah

9) Discharge rate for above

10)Manufacturer approved for charger under test?
11)BCI-14 Capacity

Verify from the information provided by the BCS nodacturer, that the charger, or
charger/battery system, performs regular equatinati a way that maintains the health of the
battery, i.e. verify that the battery used in th&t is appropriate for the BCS being tested acogrdi
to the manufacturer. Have the battery certifiedherform the state of health verification per
BCIS-14 (see References).

C. Battery Conditioning
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After receiving a qualified battery (see the not®art 2, Section 1.B, above) conduct some
preparatory cycles on the battery and chargemids not been used in testing within 24 hours.
This is for battery conditioning in the test envingent, as the performance can change for various
reasons. The battery shall be depleted to rougfbly depth of discharge, and then recharged with
the charger under test. Do this two times. [filabée per manufacturers instructions, one of those
times shall include the equalization cycle. Resetshall be included to avoid overheating the
battery (according to battery specifications). Tihal full charge must be completed within 24
hours of beginning the discharge test procedurcoRI environmental parameters at the
beginning and end of each charge and discharge.fdllowing information shall be recorded for
each conditioning cycle:

1) Start Date and time for each cycle
2) End Date and time for each cycle

D. Battery Preparation

The discharge test must be begun no sooner thanr3,land no more than 24 hours after the last
full charge.

Verify full charge of the battery using one of tweethods:

1) Flooded batteries — At least one hour after thiechiirge is completed, and before
beginning the discharge test, take temperature-easgied specific gravity
measurements of the electrolyte in each cell, aisdre that the specific gravity
corresponds to full charge according to the batteapufacturer’s specifications.

2) Valve regulated batteries (VRLA) — At least one ihaftier the full charge is
completed, take voltage measurements and ensurhéheoltage corresponds to
full charge according to the battery manufacturspscifications.

Measure the temperature of the electrolyte (preéerior flooded batteries, or negative terminal
post for VRLA batteries). The battery temperatairéne start of discharge must be betwedi€ 17
and 38C. Configure the battery (or pack) with the appiate data acquisition equipment to
record voltage and current at 1 minute intervals.

E. Charger Preparation

The charger shall be in proper working conditiamg aonnected and adjusted properly for the
battery and the utility, as verified in the battprgparation process. Configure the data acqusiti
equipment on both the input and the output sidbd@tharger to measure AC and DC power and
power quality. Set up to record the DC power Far ¢ntire charge to view the charge profile.

It is important to locate the PQ monitoring devaseclose as possible to the tested charger, but
avoid being too close to service entrance equipmsgctt as step-down transformers or UPS
equipment. The monitoring device must see the sdewtrical variations the charger does.
Harmonic content, in particular can be significamtifferent if there is a large separation between
the monitor and the charger. The monitoring eqeiphshall be placed after any circuit protection
device, and as close as possible to the charger.
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lll. Test Procedure: Part 2
A. Battery Discharge/Recharge Sequence

The discharge/recharge sequence is completedeat different levels of battery discharge: fully
discharged (100% DOD), 40% depth of discharge (D@DYJ 80% DOD. After the proper
amount of rest and within temperature limits, adogy to Part 2, Section 11.D, proceed with the
battery discharge. After each discharge (as ihEB&ection Ill.A.1), recharge the battery (as in
Part 2, Section IIl.A.2.).

Battery Discharge
Using a battery cycler or load bank, dischargebttery pack at a constant nominal current rate +
3%. The discharge rate shall be:

Ce/6 for batteries used in industrial equipment likethucks, airport ground support
equipment, port cargo handling equipment, tow tnagtsweepers, scrubbers, and material
handling equipment;

Cs/5 for batteries used in personnel carriers like gatts and neighborhood electric
vehicles.

The battery shall be discharged at a rate speatiede, unless this rate conflicts with
manufacturer’s recommendations. In that casetettimician may choose eitheg/€or GJ/5 and
this shall be noted on the test sheet. No othehdige rate may be used.

Discharge the battery to 100% DOD (measured witacuracy of 1%), or until reaching the
cutoff voltage (as specified in Part 1, SectiotHIFTable D” of this Test Procedure). Measure
and record the following data:

1) Discharge Test Date

2) Start Time

3) Maximum and Minimum Ambient Temperature
4) Start Pressure

5) Start Humidity

6) Starting Voltage

7) Starting Battery Temp Avg (Near Center of Cell)
8) Total Ah Delivered

9) Total Energy Delivered (Wh)

10)End Time

11)End Pressure

12)End Humidity

13)End Voltage

14)End Battery Temp Avg (Near Center of Cell)
15)Actual Depth of Discharge (Not Nominal)

After recharging according to Part 2, Section lIRArepeat this Battery Discharge Test sequence
by discharging the battery to each of the followlengls and then recharging:
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* 40% DOD of measured charge capacity (within £ 1@%jletermined by voltage meter,
Ah counter, specific gravity measurements, or disgé meter reading of Ah capacity.

* 80% DOD of measured charge capacity (within £ 1@%jletermined by voltage meter,
Ah counter, specific gravity measurements, or disgé meter reading of Ah capacity.

Each of the measurements made above with resptat sgiate of discharge are required to be
recorded for each battery discharge cycle.

Battery Recharge
During the recharge test, the ambient environmieall e maintained between°C8and 27C.
The battery recharge must start within 1 to 6 hofithe completion of the discharge, depending
on the temperature of the battery. If the chargeapable of charging a range of battery sizes, tes
both the highest and lowest capacity values, asag¢he highest and lowest voltage levels for the
battery, if applicable. If the charger has muétipharging profile options, each charging profile
shall be tested. This means if the charger isldepsf charging multiple battery capacities for
each charge profile, each profile shall be testid loth the highest and lowest battery capacities,
as well as the highest and lowest voltage level#i® battery if applicable.

Start the charge and measure and record the foltpdata:

1) Date

2) Start Time

3) Maximum and Minimum Ambient Temperature

4) Start Pressure

5) Start Humidity

6) Starting Battery Voltage

7) Starting Battery Temp Avg (Near Center of Cell)

8) Input Voltage

9) Input Frequency

10)Instantaneous input and output current (as destbbe®w)*
11)Instantaneous input and output voltage (as desthbw)*
12)Power Factor*

13)Current THD*

14)Voltage THD*

15)Power Conversion Efficiendy

16)Total Ah Delivered

17)Total Energy Delivered (Wh, AC)

18)Total Energy Delivered (Wh, DC)

19)End Time

20)End Pressure

21)End Humidity

22)End Battery Voltage

23)End Battery Temp Avg (Near Center of Cell)
24)Average End Specific Gravity

25)Average Temp of All Cells at Specific Measurement
26) Specific Gravity Measurement Date

27)Charge Return Factér
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*Power quality measurements reported for the fubtrecharge from 100% DOD only.

"Power conversion efficiency reported for the thyegformance reporting points below and
reported for first full recharge from 100% DOD only

*The charge return factor is obtained by dividing ttumber of Ah returned to the battery pack
during the charge cycle (but not an equalizaticarg®) by the number of Ah delivered by the
battery pack during discharge.

The discharge/recharge sequence is completedeat different levels of battery discharge, as
described in this Section Ill.A.1 of Part 2. Dat24 shall be recorded for the 100% DOD recharge
cycle. Data 1-11 and 16-24 shall be recorded fe80f%6 DOD and 40% DOD recharge cycles.
When the charging current reaches 2% of the chauginrent capacity the charge is complete.

Power Quality Measurements

For the power quality data, set up the power metedspower analyzer sampling at 128 samples
per 60 Hz cycle, and recording, at 1-minute intexvBeport the required data using rms values of
the sampled data.

After charge completion, select three performamep®rting points as follows:

1) High-power: select the highest AC power data p@rtjuding the first three
minutes after the start of the charge; this avoid&l transients.

2) Low-power: select the lowest AC power data poiebrded during the last two
hours of charge.

3) Mid-power: select the median power between thedad high power data points.

For each performance reporting point, look at td@eent data points:

1) one point preceding that point by one minute

2) one point following that point by one minute.
Both adjacent points must be within 4% in absolatiee of the central point. If the selected point
meets this requirement, report the required peréoice data point.

If the adjacent points are not within 4% of thetcainpoint, reexamine the data to find the next
point that most closely matches the specificatartiiat data performance point: high, low, or
mid-power. When a new performance point is fouagdeat the 4% deviation procedure for the
adjacent points. This should be repeated untilitalsle point is found.

This process shall serve to ensure power stalpititr to reporting a performance point. The 4%
tolerance provides a method to distinguish betwmdse phenomena and a point representative of
the charger’s operation.

Electrolyte Temperature Measurements

The average electrolyte temperature, or averaggrial post temperature (in the case of sealed
batteries), must remain in the range ofQ 8 46C during charging for a valid test. Temperature
is to be recorded at the start of charge and agiivin 10 minutes of the termination of charge.

The average temperature is assumed to changelyimeaing the charge, so that the limits are
defined by the starting and ending values. If tiege is exceeded, the test results are invalid, and
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the test must be repeated. Start the next tetanstarting battery temperature at the lower énd o
the acceptable range. If the results again extteeetemperature window, consult with the battery
and charger manufacturers to determine if ther@aayemalfunctions, or problems with the health
of the battery. If there is no problem identifigiggn record the results on the data sheet and mark
the block indicating a test anomaly.

Equalization Phase Disabled

The equalization phase of the charger shall bébltidaif possible. If it is not possible to manyall
disable equalization, the technician shall plotlia&ery charging profile, with dc charging voltage
and current vs. time to ensure the charger is edopning equalization. This plot is not a
required reporting element. If the technician deiaes that the equalization phase is carried out
by the charger, then the data are invalid andasieshall be repeated.

B. Battery Maintenance Charge Test
After completing the battery charger tdstive the battery connected and leave test equipmen
recording data for a 72-hour period and record dafaminute intervals. Determine the power
and amount of AC kWh drawn by the battery chargerthe amount of DC kWh delivered by the
battery charger to the battery pack, and the frequeand duration of any intermittent activity over
the period. Note energy consumption by any auyilystems, such as a thermal management
system maintaining the temperature of the battétgasure and record the following data:

1) Start Date

2) Start Time

3) Maximum and Minimum Ambient Temperature

4) Start Battery Temperature

5) Record input and output voltage and current atromeite intervals

6) Average AC Power (kW)

7) Output Power Cycle Frequency

8) Total AC energy over period (kWh)

9) Total DC energy over period (kWh)

10)End Date

11)End Time

12)End Battery Temperature

13)Maintenance Charging Behavior Parameters: magrstadd frequency of
maintenance events*

14)Comments

* Determine and report the character of maintenanade by evaluating the ac and dc charge
behavior with respect to the amplitude and frequerieanaintenance charging periods. The
maintenance charging behavior shall be charactehigdength, magnitudes, and frequency of
maintenance events. For example: 1 hour chargé'at &very 4 hours.

C. Charger No-Battery Test
With the battery disconnected from the charger,theccharger connected to AC power, measure
the demand of the charger on the AC side for adesf up to one hour, depending on the nature
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of the demand (or some time long enough to chaiaetdemand if intermittent). Measure and
record the following data:

1) Date

2) Start Time

3) Maximum and Minimum Ambient Temperature

4) Start Battery Temperature

5) Record input voltage and current at one minuteais
6) Average AC Power (kW)

7) Total AC energy over period (kwWh)

8) End Time

9) End Battery Temperature

10)Comments

I'V. Reporting Requirements

Reporting requirements are embedded in test ingingcabove. For a comprehensive list, see the
Excel Test Data Template for part 2.
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