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e Concept design guestions
e Test procedure approach and changes

e Recommend increase In stringency for
maintenance mode and power factor

e Recommended compliance timing

e Large chargers changes to express
terms

e Energy savings opportunity



Concept design



Two detalled studies to improve
energy efficiency

DIY 15 Wh NiCd power tool charger 1.5 Wh NiMH beard trimmer
Cost: $60 from Home Depot (Feb Cost: $18 from Target (Jan 2011)
2011)

Products selected based on manufacturers’
comments concerning cost effectiveness 4



DIY power tool efficiency improvements
needed: charge termination/maintenance
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Mode 24-hour Maintenance | No-battery
efficiency

Proposed Title 20 45% 0.5W 0.3 W
As shipped 35% 2.2 W 0.25 W



Simple charge control possible to improve
charge and maintenance mode efficiency
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Title 20 proposed levels cost-effectively
achieved with improved charge control and
more efficient level “V” EPS

Mode 24-hour Maintenance | No-battery
efficiency

Proposed Title 20 45% 0.5W 0.3 W
As shipped 35% 2.2 W 0.25 W
Modified: charge 54% 0.40 W 0.30 W
term. +V EPS

e Incremental BOM cost for redesign (OEM gquantity):
~$0.55

e Incremental cost for level V EPS: $0.10 (may go down
as copper prices increase)

e Total with markup is $1.20 (1.81x in DOE method)
e Payback period: 0.5 years, 14 kWh/year annual savi7ngs



Concept design of power tool adds
consumer-valued utility

Concept replicated all the features of the product
as shipped, including charge LED

Charge control enables slightly faster charge time
than product as-shipped

More expensive and precise components required
are common to many consumer high-tech
products, possible for appliance battery chargers
as well

Tests of concept designs suggest reliable return
of total battery capacity

— If trickle is insufficient to maintain voltage (e.g. high
temp), hysteresis charging initiates to maintain battery



Incremental BOM costs of
concept designs are accurate

e BOM reported all costs needed for
Improvements, including:
— high precision resistor

— required circuit board material (FR4)—did not
remove the cost of the original board material

— EPS (source: DOE’s preliminary analysis)
e Power factor correction not required for this
product in past or current proposal

e Markups compounded, like DOE’s own
analysis

— E.g. power tool (Class 4): incremental: BOM to o
MSP 1.5x, MSP to retail: 1.13x, tax 1.07x =1.81x



Concept design can be adjusted to
accommodate market needs

e [f design requires operation in variable
temperature can easily adjust the cutoff voltage
based on temperature

— thermal compensation network (thermistor and a few
other resistors) BOM —$0.05

— Well within range of cost-effectiveness: total consumer
cost: $1.30 and payback 0.6 yr
e Power tool cost to benefit ratio demonstrated
(1:10) allows for these types of additional costs

— Total energy savings of 14 kWh/year based on CEC
published duty cycle assumptions Feb 2011: 4% charge
time, 48% maintenance, 15% no battery, 32%
unplugged

— Cost is net total costs and benefit is net total savings 1°



Lilon products already use Si control
“Off the shelf” Si solutions available for efficien

battery management for Nickel
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Battery maintenance and
power factor

12



CEC low power metric does not
capture all cost-effective savings
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Suggest alternative: sum of batt main and no batt < 0.8 + 0.021E,
Original proposal: battery maintenance 0.5 W, no battery 0.3 W
Additional savings of 20 to 50 GWh per year, equivalent to 3000 to 13

8000 CA households




Active power factor correction to reach 0.9 power
factor cost effective for higher currents

Wiring

: : Incremental energy

APl liEENen BOM cost savings
(kWh/yr)

High power $0.90 13 1.0
laptop
Commercial
fast charging $0.90 2.5 5
power tool
Auto/marine $0.90 8 1.6
Personal
electric $0.90 53 0.2
vehicle

>60 W input power

Markup of 2x 14



Power factor requirements for
products =100 W should be
retained

e Savings Is significant: 20 to 60 GWh
per year of savings, equivalent to
3000 to 9000 CA homes

e Si power correction solutions widely
avallable from many vendors

PFS704-729EG
HiperPFS™ Family

High Power PFC Controller with Integrated
High-Voltage MOSFET

EEEE——
FAIRCHILD

TEA1742T

GreenChip PFC controller

Rev. 01 — 10 February 2008 ‘Objective data sheet

1. General description

2. Features

The TEA1742T is 3 controler for Powsr Factor Comrection (PFC). Its high level of
integration alows fhe design of a cost-<fizctive pawer supply with  very low number of
‘external components

i B This applies
at high porer levels with valley

skipping,
The TEA1742T enabies highly eficient and reliatle supplies with power requiremants of
UpIOSODW, of,

2

1 Distinctive features
W Universal mains supply operation (70 V (AG) t0 278 V (AC))
W Dusl boost PFC with accurate cutput votage (NXP patentes)
W High level of integraon, resulting in a very low external component count and a

SEMICONDUCT O

7 or 400

I
|
Eﬂmm.n
" NCP1653, NCP1653A
w
w
w Compact, Fixed-Frequency,
b Continuous Conduction
w Mode PFC Controller
fonm— The NCP1653 is » comrolier designed for Comtimuous Condiction
e Mode (CCM) Powss Factar Comection (PFC) boost circuifs. It
" S50 i smiciing ey, Follemes ooetoffersth benelis of
w Teduction of cumpur veinge and hence Teduction i the size and cost
w of the. inducior 2nd power swikch. Howad n & DIF-8 & S0-8
W package the cocur moumes i compenent:
W and dmstically simplifies the CCM PFC implementation. It alse.
“- mtegrates Nigh atry prosection feanes. The NCF1653 in 2 defver
w for ot an8 cormpact FEC mgen.
—— Features
 IEC1000-3-2 Complint:
+ Contimuons Conction Mode
# Constunt Outpat Valtge ax Follower Boost Operaion
 Nkry Few Extermul Componens
@ Fized Switching Frequency: 67 kiz = NCPIGSJA,
[1 iookst: = NCPisSs
% [ # Sofi=Start Cupability

~ Magnitude: 3 kHz to 30 kHz
~ Rate: Up to 30 kiz

External Clock Synchronization Capability
Enhanced Load and Line Transient Response
through Voltage Amplifier Output Slew-Rate

Correstion
Programmable Peak Current Limiting

—=
z = Cs1500
§ —== CIRRUS LOGIC
July 2010 <} — =
| Digital Power Factor Correction IC
a Features. | Description
“factor comection (PFC)
s n—mm
J‘l; Texas kv
INSTRUMENTS uccasono ridna
jtion. it has burst mode:
awwtsom 20 osses 5 3 mrimm.
" Interleaving Continuous Conduction Mode PFC Controller e the cevice cuing
o T ‘Chisek for Samplee: LCC28070
e FEATURES APPLICATIONS i
ftion of Leading esod reduces the extemal
factor comec] * Interleaved Average Current-Mode PWM * High-Efficiency Server and Desktop Power pe simple desgn and
that fully complig Control with Inherent Current Matshing Supplies jrosos for PFC up 1o 200
+ Advanced Current Synthesizer Current = Tekcomklac s
n;:‘ helps. M; ‘Sensing for Superior Efficiency *  White Goods and Industrial Equipment
= tul protecton % " : !
foimmy) fwleemomsimien pescuenon
down the PFC st e
.. The RDY for Near-Unity PF The UCC28070 is an adv power factor
Sequence conrol + Programmabie Fraquency (30 kitz to 300 kitz} al inisgrates two_pulse-mdth
crabie o ceane + Programmable Maximum Duty-Cycle Clamp modulstors (FWMs) operaing 180° out of phase.
[ncludes PFC soft-of P This. mﬂaaved_ Pam _operston  generaies
voltage brownout prd * Programmable Frequency Dithering Rate and substantial reduction in the input and output ripple
‘Magnitude for Enhanced EMI Reduction currents. and the

uctec-EMI besomes
easier and less expensive. A significantly improved
multiplier design provides a sha rence.
o two i

cutputs while maintaining a stable, low-distortion
sinusoidal input fine current.

The UCC28070 contains mubiple _innovations.
induding current synthesis and fz=d voltage

15



Test Procedure

16



All information to perform test should be
possible with readily-available manufacturers’
Instructions, the product and the test procedure

e Any independent laboratory or U.S. government policy
agency (EPA, DOE, etc.) must be able to determine
efficiency level of products in repeatable and reliable fashion

e Final CEC test procedure enables this by specifying: battery
selection, test set up, etc.

 Specifies all user-selectable functions be turned off, product
only operating as a battery charger

e Other functions are in “standby” mode with enough power
to recognize when the user wants to turn on the function

Energy Efficiency Battery Charger System Test Procedure

Version 2.2, November 12, 2008
Adopted by the California Energy Commission on December 3, 2008 with typographical error corrections.

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, 17
California Energy Commission-Public Interest Energy Research (PIER) Program,
and Southern California Edison




No physical changes should be
made to the product under test

e Cutting traces, wires, etc. for non-
battery charger function not
recommended

e Test procedure should represent normal
use by the consumer, cutting traces iIs
not a normal consumer activity

e Standard accommodates fixed losses In
battery charger in both metrics, latest
version even more flexibility

e No changes should be made to test set
up Iin the test procedure

18



When the product function Is
battery charging, all other functions
should be In standby
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Switches are off, still uses 9
watts in low power modes

Power tool w/
entertainment center

9 W maintenance power
9 W no battery power

Energy use of product would not change
dramatically even under standard if test
procedure Is changed

Only one of a dozen examples of poor
power scaling in the PG&E dataset




Power scaling solutions for
Indication and fans available

Cooling fans and indicators inherently part of charging
system, not extra functions

Not significant energy use to indicate status of charge to
consumer with indicator lamps and audio indicators

— LEDs for bright ambient conditions are 10 to 50 mW per
LED

— Could have 10s of LEDs under the current CEC proposal

— Audio not continuous through maintenance mode and
charge mode

— Short indication for battery status conditions
Cooling fans

— Part of charging process

— Can be controlled with timer or thermostat

21



2008 test procedure accounts for
other functionality, connections

e Turn off other functions where possible

— Manufacturers can include hard-off switches
for other functions

— Implement standby power levels for those
functions without hard-off switches

e | eave other cables disconnected

— Other connections usually don’t affect the
battery charger function or its energy use

— Lab does not need to provide other
connections and signals

— Other connections might cause the device to
consume more power 25



Timing
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Proposal provides flexibility to
achieve 12 month compliance
timeframe

e Alternative battery maintenance and no
battery proposal gives more flexibility to
trade fixed losses between modes

e Reduced scope for power factor
requirement simplifies design and reduces
need to manage fixed losses

e Many improvements (e.g. power supply
efficiency, and charge control) improve
both metrics, making compliance easier to
achieve

24



Plenty of room for Silicon
charge control on
existing circuit boards

Surface mount
Si charge
control occupies

vacated space

Rectifiers
move into Charge
new EPS resistor no

longer needed

25



Wider adoption of Li-lon has demonstrated that
Si charge control can be implemented with little
or no packaging or shipping impact

NiMH battery PCBs are same size & mount

Resistors(4) Transistors

*These small “off-the-shelf” packages
allow Si based charge control to fit in
existing PCB space

26




Few additional costs associated
with redesign in one year

Consumer products are regularly redesigned to encourage
consumer upgrade to new models and to distinguish product
In the market

Circuit design and board design can be absorbed into regular
OEM redesign schedules

Changes to product molding not required, components
required are small and fit on existing circuit board space

Markup on extra components applied in the analysis (2x)
easily covers these costs

Full safety testing unlikely required with these changes,
turnaround likely 4 weeks

— Using new EPS—no recertification required unless EPS
Interacts with battery charge circuits

— Using new battery charger circuitry—retest for safety if
outside standard ranges specified by battery
manufacturer: estimate $2,000 to $3,000 27



Only mission critical non-
consumer chargers need
2 year compliance

e Mission critical chargers carried by public
emergency personnel

e Can meet the proposed standard, even with
spark generation protection, high brightness
LEDs, fans, other

e Because of unique safety role, 24 month
compliance timeframe justified

e All other non-consumer products should meet 12
month timeframe

e Energy savings difference worth 110 GWh, or
energy use of 20,000 CA homes for one year 28



Large Chargers
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Changes to large charger

express terms

e Suggest different approach to large battery
charger selection
— Test should be focused on charge algorithm, not
battery chemistry type
e Recommend that Tier 1 be retained (1 year
Implementation)

— High efficiency chargers available now can charge
all batteries

— 15 GWh life cycle savings for one year of sales,
equivalent to 2000 CA homes for one year

30



Battery charger standards savings

55 to 65% of current energy use;
2,300 GWh life cycle savings from first
year sales

Small BCS
energy savings

8% of current energy use; 300 GWh
per year (Tier 2) after stock turnover
(if current stock)

Large BCS
energy savings

All BCS energy

: 35% of current energy use
savings

Rosenfeld 0.9 after stock turnover iIf current stock

Equivalent 350,000 households
energy savings

e Per product incremental cost $1.80, lifetime unit energy
savings $14
e Cost: benefit = 1:8

e Net present value of consumer energy savings from first
year of sales is $250 M, orders of magnitude greater than
the cost of regulation 31



