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PREFACE

External power supplies (EPS) and battery chargers (BC) are important to the
operation of many electrical and electronics products. They especially
accompany portable appliances which are found in increasing numbers in
household and office environments. These products are estimated to consume
an important portion of daily electricity consumption®.

Apart from battery chargers sold individually for charging rechargeable batteries,
EPS and BC are often delivered as a part of an end-appliance, e.g. mobile
phone, laptop computer, inkjet printer, flat screen display. The end-user is rarely
conscious of the energy and environmental performance of the EPS/BC and
often does not have a choice as they are bundled with the end-application. The
manufacturers, on the other hand, tend to focus on the main application and
their approach for the design of EPS/BC is in terms of the energy requirement
for the main application. Recently, the trend has been to reduce the size of
EPS/BC for the portability reasons as they are often used with mobile
applications. The reduction of size indeed affects their environmental
performance (e.g. reduction of raw material used). Also, some voluntary
initiatives such as the Code of Conduct (EU) and Energy Star have been
attempting to improve their energy and environmental performance.

In this context, a horizontal preparatory study was conceived for eco-design
requirement for external power supplies and battery chargers in the framework
of the EuP Directive. This study attempts to analyse these products and
propose the approaches and means to improve the environmental and energy
performance of EPS and BC.

In the U.S., it has been estimated that there are currently about five external power supplies per
person. The total electricity flowing through all types of power supplies has been estimated at 6
percent of the U.S. national electric hill.
(http:/lwww.energystar.gov/index.cfm?c=prod_development.external_EPS_program)
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1. DEFINITION

The objective of this section is to present and discuss definition and scope
issues related to the EuP preparatory study for the lot 7. It consists of
categorisation of products, description of product definitions, scope definition as
well as identification of key parameters for the selection of relevant products to
perform detailed analysis and assessment during the next steps of the study.

Further, the harmonised test standards and additional sector-specific
procedures for product-testing are identified and discussed, covering the test
protocols for:

* Primary and secondary functional performance parameters
« Resource use (energy, etc.) during product-life
- Safety (electricity, EMC, stability of the product, etc.)

» Other product specific test procedures.

Finally, an overview of the existing legislations, voluntary agreements, and
labelling initiatives at the EU level, in the Member States, and outside Europe is

presented.
1.1. PRODUCT CATEGORY AND PERFORMANCE ASSESSMENT
1.11 PRODUCT DEFINITIONS

The established product classification schemes, such as PRODCOM, do not
explicitly mention EPS and BC. The only PRODCOM category for which they
can qualify is NACE 31.10 Manufacturing of elect ric motors, generators and
transformers. The major categories and sub-categories that could be of
relevance to this study are listed in the Annex 1-1, but as it can be easily
observed, EPS and BC do not appear explicitly in any of them. For the same
reason, product definitions cannot be derived from EN or ISO standards either.

The best source for broadly accepted definitions of EPS and BC are the existing
voluntary initiatives such as ENERGY STAR and EU Code of Conduct, which
are presented in the following sub-sections.

It should be noted that the definitions of EPS and BC in the voluntary initiatives
such as ENERGY STAR do not attempt to define these products in a global
sense. They identify how certain performance criteria can be applied to these
products, attempting primarily to address the EPS and BC associated with
consumer and office applications.
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1.11.2

2w N P

EXTERNAL POWER SUPPLY (EPS)
For the purpose of this study, following definition of the EPS will be used.

A single voltage external ac-dc / ac-ac power supply:

* is designed to convert line voltage ac input into lower voltage dc output / into
lower voltage ac output;

» is able to convert to only one dc / ac output voltage at a time;

e is sold with, or intended to be used with, a separate end-use product that
constitutes the primary load;

- is contained in a separate physical enclosure’ from the end-use product;

e is connected to the end-use product via a removable or hard-wired
male/female electrical connection, cable, cord or other wiring;

e does not have batteries or battery packs that physically attach directly
(including those that are removable) to the power supply unit;

» does not have a battery chemistry or type selector switch AND an indicator
light or state of charge meter (e.g., a product with a type selector switch AND
a state of charge meter is excluded from this specification; a product with
only an indicator light is still covered by this specification); and

* has nameplate output power less than or equal to 250 watts.

This definition has been inspired from the voluntary Code of Conduct (CoC) for
EPS (European Commission)? and ENERGY STAR? of US EPA.

There is a minor variation between these two definitions, the CoC definition
considers only the EPS in the output range 0.3 W to 150 W compared to the
upper output limit of 250 W used by ENERGY STAR.

BATTERY CHARGERS (BC)

A battery charger can be defined* as a device intended to replenish the charge
in a rechargeable battery. The battery charger will connect to the mains at the
power input and connect to the battery at the output. The charger may be
comprised of multiple components, in more than one enclosure, and may be all
or partially contained in the end-use product.

For the purpose of the study, however, chargers integrated in the end-use
product may not be analysed as it will be difficult to analyse such internal
chargers in isolation from their main system.

In the market, based on their functional configuration following types of battery
chargers exist:

Physical enclosure refers to the housing of the products themselves, not their retail packaging.
Code of Conduct on Energy Efficiency of External Power Supplies, Version 2 of 24.11.2004
ENERGY STAR Program Requirements for EPS (version 1.1)

US EPA Energy Star requirement for battery charging systems
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e A La Carte Charger. A separable battery charger that is individually
packaged without batteries. Batteries that the a la carte charger is designed
to charge should be listed on the packaging, battery, and/or in the user
materials.

¢ Multi-Voltage Charger: A battery charger that, by design, may charge a
variety of batteries that are of different nominal voltages.

e Multi-Port Charger: A battery charger that, by design, is capable of
simultaneously charging two or more batteries. These chargers also may
have multi-voltage capability, allowing two or more batteries of different
voltages to charge simultaneously or sequentially.

« Stand-Alone Charger: A battery charger that, by design, charges separable
batteries disconnected from the end-use product.

e Batch Charger: With some multi-port chargers, such as universal AA battery
chargers, single cells are charged in batches (i.e., groups of batteries
charged in series).

1.1.1.3 DISTINCTION BETWEEN EPS AND BC

In the industry, there is no consensus either about the precise differentiation
between an EPS or BC. Some industries suggest that a BC is current controlled,
whereas an EPS is voltage (source) controlled, but no such clear distinction
exists. For example, the appliance commonly used for charging a mobile phone
battery (inside the phone) is called BC by some manufacturers and EPS by
others.

Technologically, EPS and BC make up a uniform product family. The clearest
distinction between the two seems to be the product design feature:

« External power supply is connected to the end-use product via some form of
wiring and does not have batteries that physically attach directly to it.

- Battery charger connects directly to the battery at the output.

ENERGY STAR also has separate program requirements for both EPS and BC.
Each of them mentions that, while addressing a different set of product designs,
these specifications are intended to complement each other.

Manufacturers shall carefully examine their product designs and
compare them to the detailed definitions and qualifying product
descriptions for a battery charging system and external power supply
to determine the appropriate specification for ENERGY STAR
gualification. Manufacturers may only qualify individual models under
the one specification (i.e., external power supply OR battery charging
system) that best reflects the power supply and product design .

It also acknowledges that it is rather difficult to classify these products
exclusively as EPS or BC and that indeed there are products that could serve
the dual functions and this terminology is often used interchangeably. Examples
in Box 1-1 illustrate the situation by presenting different products based on their
function.
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Box 1-1 Different types of EPS and BC and their f unction

An EPS which supplies a specific
output voltage to an audio system
(radio, external speakers, etc.)
which has no batteries

Pure EPS

A universal EPS with a voltage

selector, polarity inverters, and
changeable connectors
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EPS plugging directly into an end-appliance with

incorporated batteries

A typical EPS for a laptop :
According to the definition of
ENERGY STAR and Code of
Conduct it is clearly an EPS as it is
connected to the end-use
appliance (by wiring) and not
directly to the battery.

Yet, the laptop contains a battery and the function of EPS is linked to
charging that battery. Technically, the electronic circuitry which controls
battery charging can be located either in the EPS or in the laptop/battery.
Therefore, an EPS of this kind could be considered a charger, if it contains
the charging circuitry. However, this difference is not visible from the
outside.

Typical EPS for mobile phones:
The situation is similar to that of an
EPS for a laptop. These
appliances can be pure EPS if the
charging control circuitry is in the
battery or phone itself. According
to the existing definitions they are
EPS, but confusingly some
mobile phone manufacturers, as
well as majority of consumers call
them chargers, as they are clearly
used for charging a battery.
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EPS for an end-appliance with incorporated batteries, with

a separate charging cradle

An EPS for a cordless phone:
This power supply system has an
EPS, which is connected to the
phone cradle/stand.

The function of this cradle is not
always the same. Sometimes, it
can be just a cradle and the
charging circuitry is located in the
phone/battery. Else, the cradle can
contain the charging circuitry, thus
becoming a charger itself.

An EPS for a digital camera: The
situation is similar to the one of the
cordless phone. There is an EPS,
which is connected to the camera
cradle/stand, which has a light
showing when the battery is fully
charged.
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1.1.2

A charger for a digital camera
battery: This dedicated charger
accepts one individual battery with
specific dimensions and type.

A charger for standard
consumer batteries: This charger
accepts round (AA/AAA) and 9V
batteries. It plugs directly to the
electric grid.

BC for individual cells

A battery charger for a power
tool battery pack + EPS: This
battery charger (accepting a
separate battery pack) has a light
indicating when the battery is fully
charged. The BC itself is powered
by an EPS.

BC for a battery
pack + EPS

SCOPE OF THE STUDY

In addition to the products discussed in the previous section, there are many
other products, for example, industrial external power supplies, transformer in a
power grid station, etc. which may be related to this product group. Also, from a
technical design point of view, some other products such as, uninterruptible
power supplies and ballasts, could also share similar characteristics.

It is important at this stage to clearly define the scope of the study and identify
the products with similar characteristics, to be able to derive meaningful
conclusions regarding design options and improvement potential during the
study. A clear product group description is also important for devising the
implementing measures.

The objective of this sub-section is to identify key products or product groups
which will be considered in this study while performing detailed technical
analysis.
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PRODUCTS IN THE SCOPE OF THE LOT 7

Following are some exemplary products included in the scope of the study:

« External power supplies for consumer and office electronics, domestic
lighting, computers and communication applications,

e External charging units for power tools such as electric drillers, electric
screwdrivers, electric saws, etc., and

* Dbattery chargers for household and office applications charging
external/separable batteries,

within the output range of 250 W°.

Please note that above mentioned products are just examples for illustration
and other EPS/BC designed for similar function and/or having similar technical
characteristics will be relevant for this study.

Recent technological developments have lead to innovative products such
as EPS/BC powered by renewable sources (e.g. solar chargers) or fuel cell
chargers. Such products will not be considered as base-cases for a
detailed analysis, as they do not represent the most commonly available
technologies and products on the market. However, they are in the scope
of this study and will be considered in subsequent tasks when market
trends (Task 2.3), improvement potential (Task 7), and conclusions (Task
8) are presented.

PRODUCTS EXCLUDED FROM THE SCOPE OF THE LOT 7

Following devices are excluded from the scope of this study:
» EPS/BC with the output greater than 250 W
- Internal power supplies included in the product application®

e Chargers for industrial applications and telecommunication network
equipments and power supply units for industrial applications such as
charger units which back-up the equipment and the systems (relay, engines,
solenoid valves, automats, sound devices of alarm, etc.) with calls of current
to maintain their permanent electrical circuits of monitoring, indication, control
and operation. These products have a wide variety of output (with
implications to technologies used) and generally lower production quantities.

* Individual components such as a transformer, inductor, etc. Please note that
these components will of course be studied as a part of the EPS/BC system
but not the component as an individual product.

- Battery chargers for vehicles (e.g. electric cars and fork lifts), as the
transportation sector is outside the scope of the EuP Directive.

For halogen lighting transformers, however, the output power range can extend up to 500 W and
thus included in the scope of the study

For example, power supplies integrated for a desktop computer which might be sold as a
separate component but intended to be a part of the main product
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e Laptop / computer, which serves via the USB port as secondary charging/
power supply unit through USB/Ethernet for other devices such as MP3
players.

« Uninterruptible power supplies (UPS)

The fundamental purpose of a UPS is to provide an uninterruptible source of
power for the equipment it protects. UPS is designed so that there is one
source of power that is normally used, called the primary power source, and
another source that kicks in, if the primary source is disrupted, called the
secondary power source. The power from the grid is always one of these
sources, and the battery contained within the UPS is the other. A switch is
used to control which of these sources powers the equipment at any given
time. The switch changes from the primary source to the secondary when it
detects that the primary power has gone out. It switches back from the
secondary power source to the primary when it detects that the primary
power source has returned. Following the definition of the EPS (see Section
1.1.1.1), UPS are not considered to be in the scope of lot 7.

- Ballasts

Ballast is a device used with electric discharge lamps and has two basic
functions. At the start up, it provides the high voltage needed to cause an arc
to jump from one end of the lamp to the other. Once the arc is established,
the ballast allows the lamp to continue to operate by providing the proper
reduced current flow to the lamp. Looking at the definition of EPS, they are
not to be considered in the scope of lot 7. Further, an existing EU regulation’
addresses the energy efficiency of ballasts.

TECHNICAL PARAMETERS

The purpose of this chapter is to outline the prevailing technologies on the
market for EPS/BC, as they are important parameters in the product
differentiation. Detailed technical description of the functioning of an EPS/BC
system is being dealt in greater detail in the system analysis (sub-task 4.4).

The basic purpose of a power supply unit, whether EPS or BC, is to convert the
entering high voltage alternating current (AC) to low voltage direct current (DC)
or low voltage AC. Additionally, an EPS/BC may contain the function to monitor
and control the charge current (to indicate the level of charge in the batteries).

First key parameter is the technology used for the conversion of energy

(applicable for both EPS and BC). For the BCs, the type of battery and the
speed of charging are additional technical factors.

TECHNOLOGIES FOR ENERGY CONVERSION

There are two main energy conversion technologies for EPS/BC for consumer
appliances:

Directive 2000/55/EC concerning minimum energy efficiency for ballast for fluorescent lighting
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e Linear mode technology

» Switched-mode (also called switch-mode) technology.

Additionally, there are thyristor based devices which are mainly used for high
output EPS and industrial applications.

LINEAR MODE POWER SUPPLY

The basic function of a linear mode power supply is to
e step down AC voltage with a transformer,
« rectify the AC voltage into DC with a diode or diode bridge, and

e convert the resulting unregulated DC voltage to smoothed DC voltage
through electrolytic capacitors.

A typical linear device is illustrated in Figure 1-1.

Figure 1-1 Power supply circuit for a linear devi ce®
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Most of the linear power supplies are regulated power supplies. There exist
unregulated linear power supplies, which are similar to regulated ones except
that a bleeder resistor is used in place of the 3-terminal regulator. The
disadvantage of unregulated power supply is that the output voltage is not
constant and varies with the input voltage and the load current, and the ripple is
not suitable for electronic applications. In case applications using unregulated
power supply need a regulated voltage, a regulator is included in the product
itself in the form of a specialised circuit in a standard transistor package. This
indicates that certain functions of the power supply might be shifted from the
external power supply unit to the product itself (or the charger base).

The main advantages of a linear power supply are simplicity, lower cost
for low power applications and lower interference compared to a switched
mode power supply (see section 3.2.2). However, they tend to be less
energy efficient compared to switched mode power supplies.

Source: http://www.powertronix.com/html/body_linear.html
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SWITCH(ED)-MODE POWER SUPPLY (SMPS)

An SMPS uses a switching regulator an internal co ntrol circuit that switches
the current rapidly on and off, in order to stabilise the output voltage.

These EPS convert the 50 Hz current to a much higher frequency which
enables a small transformer in the power supply to do the actual voltage step-
down from 230 volts to the voltage needed by the application. The higher-
frequency AC current is also easier to rectify and filter compared to the original
50-Hz AC line voltage, reducing the variances in voltage for sensitive electronic
components.

The basic building blocks of a SMPS are shown in Figure 1-2 and are listed
below:

* Electromagnetic interference (EMI) filter

* Input rectifier, to covert AC voltage to DC voltage through diodes or diodes
bridge

» DC bus filter, to reduce the ripples of the rectified AC voltage and creates
high voltage DC

« Switching element for pulse width modulation to change the energy content
of the DC voltage

» High frequency transformer, in case isolation is required and to reduce the
DC voltage further to the intended output level

» Secondary / output rectifier, to smoothen the pulsating to regulated DC

e Power supply control IC to control the switching element.

Figure 1-2 Plan of a switched-mode power supply c ircuit®
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Depending upon the type of input/output current, SMPS can be classified into
following four types™®:

« AC in, DC out: rectifier, off-line converter
* AC in, AC out: frequency changer, cyclo-converter

e DCin, DC out: voltage converter, or current converter, or DC to DC converter

Source: http://www.mcitransformer.com/i_notes.html

10 Note: the SMPS circuits for DC input are usually only used for internal power supply units
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« DCin, AC out: inverter.

SMPS can be further classified according to the circuit topology™'. There are
more than a dozen basic topologies used in practical power design. The best
topology for a given application is normally based on the specific requirements
for the power supply (including cost and time factors). For example, flyback is
a typical topology for the outputs up to 150 W.

SMPS for domestic and consumer electronics products can often accept
universal inputs and thus can be used in different parts of the world, with
frequencies from 50 Hz to 60 Hz and voltages from 85 V to 265 V (although a
manual voltage "range" switch may be required).

Compared to linear power supplies, the SMPS are more compact and
usually more energy efficient.

Power factor correction

The switch mode power supplies are distortion-producing . This means that the
current waveform is not a sinewave and can have a high harmonic content.
Such a current is also characterised by a high peak factor and a power factor of
0.65 to 0.8. Power factor correction (PFC) is a technique of counteracting the
undesirable effects of electric loads that create a power factor that is less than
1.

PFC returns the power factor of an electric AC power transmission system to
very near unity by switching in or out banks of capacitors or inductors which act
to cancel the inductive or capacitive effects of the load.

This is an important aspect in the design of SMPS beyond a certain output and
is discussed in greater detail in the system analysis (sub-task 4.4).

THYRISTOR BASED DEVICES

As an alternative to linear and switch-mode EPS, the silicon controlled rectifier
(SCR) or thyristor is a commonly used device for handling large amounts of
power. The device consists of transistors and is far more rugged and can control
much higher voltages and currents. An important feature of the thyristor is that
once it is turned on it will not turn off again, even if the gate signal is removed,
unless the current through the device falls to zero.

As this happens at every cycle of AC power, the controlling of the device
becomes fairly simple, and is known as phase-angle firing or control. After
smoothing of the resulting irregular AC wave, the output is a smaller voltage
compared to the input voltage.

The main drawbacks of this device are its higher price and its bigger size and it
introduces more disturbances into the supply grid compared to linear EPS.

1 Topology is the arrangement of the power devices and their magnetic elements
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1.1.3.2
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13

They are used mostly in the EPS for industrial and high power applications.

TECHNOLOGIES FOR BATTERY CHARGING

As explained earlier, a BC serves dual tasks: AC-DC conversion and the
charging of the battery. The main technologies for current conversion have been
explained under sub-section 3.2. and the present sub-section deals with battery
charging techniques.

The battery charging function provides electricity to the electrodes of the battery
(opposite to the direction of electron discharge), which reverses the chemical
process within the battery, converting the applied electrical energy into chemical
potential energy. Therefore, the technology used for a BC is also dependant on
the type of batteries to be charged. Further, the market trends for the battery
type and their chargers are highly correlated (see the section on market trends
in Task 2).

Following are the main types of rechargeable batteries:
* Nickel-Cadmium (NiCd),

* Nickel-Metal-Hydride (NiMH),

e Sealed-Lead-Acid (SLA), and

e Lithium-lon (Li-lon).

Nowadays, more and more applications use Li-lon batteries because they offer
a high capacity-to-size (weight) ratio and a low self-discharge characteristic.

The following sub-sections present different charging techniques and then BCs
specific to different battery chemistries. For a detailed comparative functional
analysis of different type of rechargeable batteries, please refer to the sub-task
4.4 on system analysis.

Charging techniques

Charging techniques can be classified, on the basis of charging rate, into
following four categories. They are also summarised in Table 1-1'2.

e Trickle Charger The charge rate applied by this type of charger (lower
than 0.05 C) is generally insufficient to charge a battery. Trickle charging is
usually only applied after a battery is fully charged (using a greater charge
rate) to help offset the self-discharge rate of the battery. Batteries on a trickle
charger will maintain their full charge for months.

« Slow Charger - The slow charger, also known as 'overnight charger’, applies
a fixed charge of about 0.1 C* for as long as the battery is connected for a
charge time of 14 to 16 hours. Slow charge rates can be applied to a battery

http://www.buchmann.ca/article18-pagel.asp

C (nominal battery capacity rating) is the theoretical current needed to completely charge the
fully discharged battery in one hour. The current that a charger supplies to the battery is normally
expressed as a fraction of this theoretical current.
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for an indefinite period of time, meaning that the battery can be connected to
the charger for days or weeks with no need for special shut-off or current-
limiting equipment on the charger. Slow chargers are found in cordless
phones, portable CD players and similar consumer electronic products.

e Fast Charger - This kind of chargers offer shorter charge times. At 1C
charge rate, an empty NiCd or NiMH typically can be charged in about an
hour. Fast chargers also provide an accurate full-charge detection i.e. once
the battery is fully charged, the charger switches to topping, which applies a
moderate charging current that boosts the battery up to its full-charge, and
then trickle charge. Fast chargers are used for industrial equipment such as
two-way radios, medical devices and power tools.

e Quick Charger - The quick (or rapid) charger is in between slow and fast
chargers, both in terms of charging time and price. Typical charging may take
3 to 6 hours and when fully charged, the battery switches to trickle charge.
Quick-chargers accommodate nickel- or lithium-based batteries and are
commonly used for consumer electronic products where the battery needs to
be recharged quickly, such as mobile phones, laptops, and camcorders.

Quick and fast charging rates (over 0.2 C) can be used to charge many kinds of
rechargeable batteries. Many chargers of this type have current limiters built into
them which slowly reduce the current as the battery is charged. This prevents
damage or deterioration, which can occur in the battery if the high charge rates
are applied after the battery has approximately 85% of its charge restored.

Table 1-1 Charge rates for different types of bat tery chargers

Charge Rate Description Charge Rate Nominal Charge Time
(Amperes) (Hours)

Trickle (Standby) 0.01 0.03C 100 to 33

Slow (Overnight) 0.05 0.1C 20to 10

Quick 0.2 05C 5to2

Fast 1C 1 and less

C (nominal battery capacity rating) is the theoretical current needed to completely charge
the fully discharged battery in one hour. The current that a charger supplies to the battery is
normally expressed as a fraction of this theoretical current.

Smart charging

Increasingly, battery chargers employ some type of smart charging technology.
Smart battery charger integrates a microcircuit that permits the charger to
communicate with a compatible smart battery and to alter its charging
characteristics in response to information provided by the battery. There are two
types of Smart Battery Chargers:

e Smart Battery Charger interprets the Smart Battery’s messages. The charger
adjusts its output characteristics in direct response to the charging voltage
and charging current messages it receives from the battery. The Smart
Battery is responsible for initiating the communication and for providing the
charging algorithm to the charger. The charging algorithm in the battery may
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simply request a static charge condition or may choose to periodically adjust
the charger’s output to meet its present needs.

* Smart Battery Charger not only interprets the Smart Battery’s messages, but
it can determine the charging voltage and current the battery desires, and
then dynamically adjust its output to meet the battery’'s charging
requirements. It may also interrogate the Smart Battery for any other relevant
data, such as time remaining to full charge, battery temperature or other data
used to control proper charging or discharge conditioning.

In principle, smart battery charging technology allows the charger to set the
appropriate charge current and charge voltage according to the needs of the
battery and to choose the correct charge algorithm. It allows batteries to be
charged as rapidly and as safely as possible and also allows the use of new and
different battery technologies in existing equipment. However, the smartness
of the smart battery chargers marketed as such varies considerably. For
example, some allow only one battery chemistry while others are suited for
multiple chemistries.

NICD AND NIMH BATTERY CHARGERS

NiMH and NiCd chargers can use smart battery charger or slow (overnight)
battery charging configurations. Further, quick and fast chargers are also
available for these batteries offering reduced charging times, down to 10
minutes.

NiCd charger

Nickel-cadmium batteries require special chargers because NiCd batteries
absorb heat during the first quarter and then emit during the rest of the charge
cycle, as opposed to most other batteries, which generate heat throughout their
recharge cycle. If constant current is applied past the point when the battery
reaches approximately 85% of its fully charged state, the excess heat will cause
thermal runaway to occur, leading to permanent battery damage. Following
are the key issues related to NiCd battery chargers™*:

* In the case of trickle or slow charge techniques, the heat build-up is minimal
and is normally dissipated by atmospheric convection before thermal
runaway can occur. Consequently, many chargers supplied with, or as a part
of rechargeable devices using NiCd batteries are slow chargers.

*  When quick or fast charging techniques are used with NiCd batteries, the BC
usually has a temperature or a voltage sensor that can detect when the
battery is approaching thermal runaway condition, and thereby it reduces or
shuts off the current entering the battery.

* In order to charge empty NiCd cells, the timed-charge method can also be
used. Due to the fact that NiCd cells can accept very large charge rates (as
high as 20 C), a timed-charge charger provides high-rate current to the cell
for a limited period of time after which a timer cuts off the charging current.

New Technology Batteries Guide, NIJ Guide 200-98, National Institute of Justice, U.S. (1998)

January 2007

Preparatory Studies for Eco-design Requirements of EuPs
Lot 7: Battery chargers & external power supplies

I-15



Some NiCd cells can be fully charged in as little as 10 minutes. It is crucial
for this method that the cell is completely discharged at the beginning of the
charge cycle, and therefore some timed-charge chargers have a special
circuit designed to discharge the cell completely before charging it and these
are called dumped timed-charge chargers.

Pulsed charge-discharge chargers intend to charge a battery to attain its
maximum level of charge. In this method, a relatively high charge rate
(approximately 5 C) is applied until the cell reaches a voltage of 1.5 V. The
charging current is then removed and the cell is rapidly discharged for a brief
period of time (usually a few seconds). This action depolarises the cell
components and dissipates any gaseous build up within the cell. The cell is
then rapidly charged back to 1.5 V. The process is repeated several times
until the cells maximum charge state is reached. The greatest difficulty of
this method is that the maximum voltage of a NiCd cell will vary with several
outside factors such as the cells recharge history and the ambient
temperature. Since the cell s maximum potential voltage is variable, the level
to which it must be charged is also variable. However, integrated circuits can
be provided to compensate for such variations.

NiMH chargers

Chargers for NiMH batteries are similar to NiCd but require more complex
electronics design. Following are the important concerns for NiMH battery
chargers:

An NiMH charger produces a very small voltage drop at full charge and the
negative delta voltage (NDV) is almost non-existent at charge rates below
0.5C and elevated temperatures. Aging and degenerating cell match diminish
the already minute voltage delta further. Thus, a temperature gauge is
required in their charge regime (preferably a dT/dt method).

A NiMH charger must respond to a voltage drop of 8 to 16mV. Making the
charger too sensitive may terminate the fast charge halfway through the
charge because voltage fluctuations and noise induced by the battery and
charger may defeat the NDV detection circuit. Most of today’s NiMH fast
chargers use a combination of NDV, rate-of-temperature-increase (dT/dt),
temperature sensing, and timeout timers. The charger utilises whatever
comes first to terminate the fast-charge.

NiMH batteries that are allowed a brief overcharge deliver higher capacities
than those charged by less aggressive methods. The gain is approximately 6
percent on a good battery. The negative impact of overcharging is a shorter
cycle life (300 instead of 350-400 service cycles).

NiMH battery charger should be rapid rather than slow one. Because NiMH
does not absorb overcharge well, the trickle charge must be lower than that
of NiCd and is set to around 0.05C. This explains why the original NiCd
charger cannot be used to charge NiMH batteries.

It is difficult, if not impossible, to slow-charge a NiMH battery. At a C-rate of
0.1C and 0.3C, the voltage and temperature profiles fail to exhibit defined
characteristics to measure the full charge state accurately and the charger
must rely on a timer. Harmful overcharge can occur if a partially or fully
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charged battery is charged with a fixed timer. The same occurs if the battery
has aged and can only hold 50 instead of 100 percent charge.

* Lower-priced chargers may not apply a fully saturated charge. The full-
charge detection may occur immediately after a given voltage peak is
reached or a temperature threshold is detected. These chargers are
commonly promoted on the merit of short charge time and moderate price.
Some ultra-fast chargers also fail to deliver full charge.

SEALED LEAD ACID (SLA) BATTERY CHARGERS

Lead acid charger output can range from 500 milliamps up to 4 amps. SLA
chargers have a universal input and utilise a constant current/constant
voltage/float charging algorithm. Battery packs that are empty will start charging
in a fast charge mode until it reaches a certain percentage, and then will
decrease until fully charged.

These chargers protect batteries from overcharging, thus increasing the life

span. Other features include protection from reverse polarity as well as short
circuiting.

LITHIUM-ION BATTERY CHARGERS

Lithium-ion batteries have a large advantage over both NiMH and NiCd batteries
as they weigh less, take less space, and deliver more energy. The main
advantage of Li-ion technology is the pronounced increase in energy density it
offers. Energy density is measured both volumetrically and gravimetrically. Li-
ion technology can provide a volumetric energy density of almost 500 Wh/L and
a gravimetric energy density of 200 Wh/kg.

Having a unique chemistry, Li-ion technology presents different design
constraints than the other battery technologies such as nickel metal hydride
(NiMH), nickel-cadmium (NiCd), and sealed lead-acid (SLA). For Li-ion cells, a
constant current/constant voltage (CC/CV) charge algorithm is recommended.
Final termination for this charge process occurs when the charge current falls
below a minimum current threshold or a timer expires.

Typically, 60 75 minutes of charging at 1C to 4.1 V is sufficient to bring a Li-
ion powered device from a depleted energy state up to an 80 90% state of
charge. With the other technologies, unless the cells are specifically made for
high-current charging, getting up to the same 80 90 % charge might require
charging for several additional hours. To obtain the remaining 10 20% of
capacity, the Li-ion battery is slow-charged for an additional 4 5 hours to 4.2 V.
This charging method offers two benefits. A close-to-full charge can be achieved
in a very short period of time, and the voltage at the end of the charge is
normally guaranteed not to exceed 4.2 V.
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114 SUMMARY OF PARAMETERS FOR EPS/BC CLASSIFICATION

In order to categorise the products in the scope of Lot 7 study, performance
parameters are to be considered. The first parameter for classifying EPS/BC is
the power output range, as their purpose is to supply energy to an end-use
appliance or a battery. After this first output range based classification, the
product categorisation can be done on the basis of end-applications (or end
devices) and their load requirements. End-application is an important aspect as
it very much dictates the technical specifications of an EPS/BC, which are
required for correct functioning of the end-application.

Further, the use patterns and thus the energy consumption of EPS and BC are
also closely linked to the use patterns of the end-applications, an aspect under
investigation under the Task 3.

Additional criteria to be taken into account while analysing these products are
technology, topology, power factor correction requirement, variations within the
output ranges, and battery charging properties. To what extent these criteria
affect the energy and environmental performance and costs will be the focus of
the next steps during this study. The key parameters, issues for the product
identification, and the scope of lot 7 are illustrated in Figure 1-3.

Figure 1-3 Summary of parameters and issues for the scope of lot 7

(max.) output <l0WwW 210to <49 W >49 to < 250 W

S | B ——— | P ——

| ac/dc vs. ac/ac |

linear |
switch-mode

Basic technology

Power factor correction | w/o PFC E j with PFC |
Power supply vs. charger Battery charger Battery charger
Key applications OO 7 T 7] T ] 7 ) T ] T

The functional parameters such as power output range, amount of power
consumed per year, the charge rate (in the case of BC), etc., on which any
future implementing measures can be based will be refined further on the basis
of base-case analysis and will be presented in subsequent sections.

1.1.5 PRODUCT PERFORMANCE PARAMETER (FUNCTIONAL UNIT)

Product performance parameters are the quantified performance of a product
system for use as a reference unit in a life cycle assessment. The most
important is the primary product performance parameter (i.e. functional unit)
which is based on functional performance characteristics and not on the basis of
technology.
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The functional unit for the lot 7 can be the quantity of power delivered with
respect to some other parameters. Looking at the diversity of products and
end applications involved in the lot, the approach has to be more horizontal in
nature without taking into account the specificities of the end application (e.g.
rating of energy requirement of the application) and/or components (e.g. battery
chemistry, charging mechanism, etc.). Also the adopted functional unit should
be applicable to both EPS and BC in a similar manner.

The proposed functional unit is the effective amount of energy delivered
(watts) for a specific time duration (hours).

TEST STANDARDS

A test standard is a standard that sets out a test method, but that does not
indicate what result is required when performing that test.® Therefore, strictly
speaking, a test standard is different from a technical standard . Namely, in
technical use, a standard is a concrete example of an item or a specification
against which all others may be measured or tested. Often it indicates the
required performance.

However, test standards are also (but not exclusively) defined in the technical
standard itself. For example, an ISO standard for a certain product or process
gives the detailed technical specifications, which are required in order to
conform to this standard. It also defines test standards (or rather methods) to be
followed for validating any such conformity.

A standard can be either product or sector specific, and it can concern different
stages of a product s life cycle. Thus, for each standard presented below, the
scope (product and/or sector specific) and the life cycle stages which the
standard deals with (manufacturing/distribution/use/end of life) are given.

EN/CENELEC internal regulations define a standard as a document,
established by consensus and approved by a recognised body that provides, for
common and repeated use, rules, guidelines or characteristics for activities or
their results, aimed at the achievement of the optimum degree of order in a
given context. Standards should be based on consolidated results of science,
technology and experience, and aimed at the promotion of optimum community
benefits. The European EN standards are documents that have been ratified by
one ?sf the three European standards organisations, CEN*®, CENELEC'" or
ETSI.

In addition to official standards, there are other sector specific procedures for
product testing, which could be considered as standard when it has become
recognisable both by the sender and the receiver, that is, when they are using
the same parameters or standards. Those procedures are discussed later in this

www.deh.gov.au/settlements/waste/degradables/glossary.html

CEN - European Committee for Standardisation

CENELEC - European Committee for Electrotechnical Standardisation;
ETSI - European Telecommunications Standards Institute
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chapter. At present, they are the most specific directions when it comes to
energy efficiency/consumption testing of battery chargers and power supplies.

EUROPEAN EN STANDARDS

The "New Approach", defined in the European Council (EC) Resolution of May
1985, introduced, among other things, a clear separation of responsibilities
between the EC legislator and the European standards bodies (CEN,
CENEl_gEC, ETS) in the legal framework allowing for the free movement of
goods™:

* EC directives define the "essential requirements”, e.g., protection of health
and safety, which goods must meet when they are placed on the market.

e The European standards bodies have the task of drawing up the
corresponding technical specifications meeting the essential requirements of
the directives; compliance with the standard will provide a presumption of
conformity with requirements of the directive. Such specifications are referred
to as "harmonised standards".

A European standard adopted by CEN, CENELEC or ETSI, implies an
obligation of implementation as an identical national standard and withdrawal of
conflicting national standards.?® Standards discussed in the following sections
are summarised in Table 1-2.

Table 1-2 List of relevant standards and product testing pr ocedures

TYPE STANDARD

European Standards
of standby power
safety requirements
safety requirements
equipment safety part 1: general requirement
EN 60335-1 (2002): Household and similar electrical appliances

safety part 1:general requirements

Compatibility electromagnetic compatibility (EMC)

Energy Use EN 62301 (2006): Household electrical appliances measurement

Safety IEC 61204-7 (2006): Low voltage power supplies, dc output. part 7:

EN 60065 (2001): Audio, video and similar electronic apparatus-

EN 60950-1 (2001) + amendment 11 (2004): Information technology

Electromagnetic EN 61204-3 (2000) Low voltage power supplies, dc output. part 3:

International Standards

Energy Efficiency/ IEEE 1515-2000: Recommended practice for electronic power
Consumption subsystems: parameter definitions, test conditions, and test methods

http://ec.europa.eu/comm/enterprise/newapproach/standardization/harmstds/index_en.html
http://www.cenorm.be/cenorm/index.htm
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TYPE

STANDARD

Electro-Technical
Standards

IEEE 519 (1992): Recommended practices and requirements for
harmonic control in electrical power systems

JIS C 9901 (2004) Japan: Method of calculation and representation
of energy efficiency standard achievement percentage of electrical
and electronic appliances.

UL 1012 (1994) USA: Safety Standard for Power Units other than
Class 2 (edition 6)

UL 1310 (1994) USA: Safety Standard for Class 2 Power Units
(edition 4)

USEPA

Commission

Other Sector-Specific Procedures for Product Testing

Test method for calculating the energy efficiency of single-voltage
external AC-DC and AC-AC power supplies (08/2004)

Test methodology for determining the energy performance of battery
charging systems (12/2005)

California Energy Energy efficiency battery charger system test procedure

TEST STANDARDS ON ENERGY USE

For each standard, the scope, life-cycle phase applicability, and the
energy/environment aspect is also identified.

The scope of each standard can be:

Product specific: referring to a specific family or type of product.

Sector specific: document referring to a EEE sector in general.

EN 62018: POWER CONSUMPTION OF INFORMATION TECHNOLOGY EQUIPMENT

MEASUREMENT METHODS

Defines the test methods to be used to measure power consumption of
information technology equipment (ITE) under various modes of operation for
the purpose of energy management. Corresponds to the International Standard

IEC 62018:2003.

Scope: Product specific

The standard is applicable to information technology equipment (ITE) where
ITE includes the products identified in the scope of IEC 60950-1: mains-
powered or battery-powered information technology equipment, including
business equipment and associated equipment, with a rated voltage not
exceeding 600V. It is also applicable to such equipment designed and
intended to be connected directly to a telecommunication network and
forming part of a subscriber’s installation.

The life cycle phase which is the concern of the standard: Use phase
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The standard is dedicated to the measurement of energy consumption for the
use phase of the ITE.

The environmental aspect of the product that can be impacted by the
standard: Energy consumption of the product and material content.

EN 62087: METHODS OF MEASUREMENT FOR THE POWER CONSUMPTION OF AUDIO,
VIDEO AND RELATED EQUIPMENT

Defines the different modes of operation relevant for the measurement of power
consumption. The methods of measurement are only applicable for equipment,
which can be connected to the mains. The measuring conditions in this standard
represent the normal use of the equipment and may differ from specific
conditions, for example as specified in safety standards. Corresponds to the
International Standard IEC 62087:2002.

Scope: Product specific

The standard is applicable to mains powered AV equipment, including TV
receivers, VCRs, Set Top Boxes (STBs), audio equipment and multi-function
equipment for consumer use. Its objective is to specify methods of
measurement for the power consumption of these equipments.

The life cycle phase which is the concern of the standard: Use phase
The standard is dedicated to the measurement of energy consumption for the
use phase of the equipment.

The environmental aspect of the product that can be impacted by the
standard: Energy consumption of the product and material content.

EN 62301 (2006): HOUSEHOLD ELECTRICAL APPLIANCES MEASUREMENT OF
STANDBY POWER

Adapted from IEC 62301 (2005) standard of the same name, the standard
specifies methods of measurement of electrical power consumption in standby
mode. It specifies the general conditions for measurements (test room, power
supply, supply-voltage waveform and power measurement accuracy) as well as
selection and preparation of appliance/equipment for measurement, and test
procedure.

Scope: Product specific

The standard is applicable to mains powered electrical household
appliances. The objective of the standards is to provide a method of test to
determine the power consumption of a range of appliances and equipment in
standby mode. The standard defines standby mode as the lowest power
consumption when connected to the mains.

The life cycle phase which is the concern of the standard: Use phase

The standard is dedicated to the measurement of energy consumption for the
use phase of the equipment.
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The environmental aspect of the product that can be impacted by the
standard: Energy consumption of the product and material content.

STANDARDS ON SAFETY

Standards on safety are indirectly linked to the study as they could introduce
some requirements that affect the design of the product. For example, using
constructional materials having appropriate flammability properties for their
purpose may introduce brominates flame-retardants. Also the prevention of user
access to parts at hazardous voltages, by fixed or locked covers, is a
recommendation of such standards, which could however reduce the potential
of recycling. By identifying them, we could also identify product family, which
respect the same technical constraints. This information will be useful for the
differentiation of product-cases.

Those standards are mainly used by designers and they are listed in this report
in order to identify standards that could be useful for future requirements or
testing measures for EuP directive implementation. Complementary safety
standards are mentioned in Annex 1-2.

IEC 61204-7 (2006): LOW VOLTAGE POWER SUPPLIES, DC OTPUT. PART 7: SAFETY
REQUIREMENTS

Further efforts at harmonisation are under way with IEC developing a new
standard, IEC 61204-7, which is intended for use with power supplies sold into
multiple industries. It will eventually become an EN standard for use in proving
compliance with the Low Voltage Directive. The new standard is based on
IEC/EN 60950, IEC/EN 61010-1, IEC/EN 60601-1, IEC/EN 60065 and UL 1801
(Centralised DC Power Distribution System for Telecoms).”* At present, the
document is at the stage of a Final Draft International Standard (FDIS) and it
has been submitted for CENELEC for vote (circulation closing 26 May 2006).

Scope: Sector specific

This international standard describes a method for specifying requirements
for low-voltage power supply devices (including switching types) providing
DC output(s) up to 200 V DC, at a power level of up to 30 kW, operating from
AC or DC source voltages of up to 600 V. The devices are for use within
class | equipment or for free-standing operation when used with adequate
electrical and mechanical protection.

This standard is intended to be used for all types of AC or DC driver power
supplies with any number of outputs, specially produced for an unknown final
application. In the case where power supplies are developed as a component
of equipment covered by specific product standards, these standards apply.

The life cycle phase which is the concern of the standard: Use phase

This standard underlies principles of safety requirements which are to guide
designers to engineer safe equipment for the use or the maintenance.

EPSMA (2005) CE Marking Guidance for Power Supplies.
Available at: http://www.epsma.org/pdf/ce%20marking_march%202002.pdf

January 2007

Preparatory Studies for Eco-design Requirements of EuPs
Lot 7: Battery chargers & external power supplies

1-23



The environmental aspect of the product that can be impacted by the
standard: Material content

The application of this standard will influence the specification and choice of the
product material content. The level of flammability could also impacts the
composition in particular regarding the hazardous substances.

EN 60065 (2001): AUDIO, VIDEO AND SIMILAR ELECTRONIC APPARATUS  SAFETY
REQUIREMENTS

Scope: Product specific

This international safety standard applies to electronic apparatus designed to
be fed from the mains, from a supply apparatus, from batteries or from
remote power feeding and intended for reception, generation, recording or
reproduction respectively of audio, video and associated signals. It also
applies to apparatus designed to be used exclusively in combination with the
above-mentioned apparatus. This standard primarily concerns apparatus
intended for household and similar general use but which may also be used
in places of public assembly such as schools, theatres, places of worship and
the workplace. Professional apparatus intended for use as described above
is also covered unless falling specifically within the scope of other standards.

The life cycle phase which is the concern of the standard: Use phase

The standard is dedicated to the measurement of parameters for the use
phase of the equipment: input; electric strength; earth continuity; touch
current; humidity; heating; flammability; stability; stress relief; drop; steady
force; steel ball; abnormal; over-voltage; accessibility; durability

The environmental aspect of the product that can be impacted by the
standard: Material content

The application of this standard will influence the specification and choice of the
product material content. The level of flammability could also impacts the
composition in particular regarding the hazardous substances.

EN 60950-1 (2001) + AMENDMENT 11 (2004): INFORMATION TECHNOLOGY
EQUIPMENT SAFETY PART 1: GENERAL REQUIREMENTS

The EN 60950-1 standard was originally adopted from the harmonised standard
IEC 60950-1 (third edition), which, upon its release in 1999, was quickly
adopted by most countries and is today the primary standard for safety for most,
but certainly not all, users of power supplies. In addition to IEC and EN,
designations of this standard can be found as UL (United States), and CSA
(Canada). EN 60950-1 includes the basic requirements for the safety of
information technology equipment.

Scope: Product specific

EN 60950-1 is applicable to mains-powered or battery-powered information
technology equipment, including business equipment and associated
equipment, with a rated voltage not exceeding 600V. It is also applicable to
such equipment designed and intended to be connected directly to a
telecommunication network and forming part of a subscriber’s installation.
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EN 60950-1 specifies requirements intended to reduce risks of fire, electric
shock or injury for the operator and layman who may come into contact with
the equipment and, where specifically stated, for a service person. It is
intended to reduce such risks with respect to installed equipment, subject to
installing, operating and maintaining the equipment in the manner prescribed
by the manufacturer.

The life cycle phase which is the concern of the standard: Use phase

The standard is dedicated to the measurement of parameters for the use
phase of the equipment: input; electric strength; earth continuity; touch
current; humidity; heating; flammability; stability; stress relief; drop; steady
force; steel ball; abnormal; over-voltage; accessibility; durability

The environmental aspect of the product that can be impacted by the
standard: Material content

The application of this standard will influence the specification and choice of the
product material content. The level of flammability could also impacts the
composition in particular regarding the hazardous substances.

EN 60335-1 (2002): HOUSEHOLD AND SIMILAR ELECTRICAL APPLIANCES SAFETY
P ART 1: GENERAL REQUIREMENTS

Scope: Product specific

This standard deals with the safety of electrical appliances for household and
similar purposes, their rated voltage being not more than 250 V for single-
phase appliances and 480 V for other appliances.

The life cycle phase which is the concern of the standard: Use

The standard is dedicated to the measurement of parameters for the use
phase of the equipment: input; electric strength; earth continuity; touch
current; humidity; heating; flammability; stability; stress relief; drop; steady
force; steel ball; abnormal; over-voltage; accessibility; durability

The environmental aspect of the product that can be impacted by the
standard: Material content

The application of this standard will influence the specification and choice of
the product material content. The level of flammability could also impacts the
composition in particular regarding the hazardous substances.

STANDARDS ON ELECTROMAGNETIC COMPATIBILITY

Electromagnetic compatibility is the capacity of the application to work without
disturbances (immunity) and without disturbing (emission) other equipment due
to electromagnetic disturbances and electric wires and radiated from the
enclosure. The power factor tells how much power is going back into the supply
during the 50-hertz operating cycle of the appliance. A higher power factor is
more energy efficient because it reduces losses in electricity distribution
systems. It also saves money for the user because it minimises demand
charges for electricity.
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EN 61204-3 (2000) LOw VOLTAGE POWER SUPPLIES, DC OUTPUT.
PART 3: ELECTROMAGNETIC COMPATIBILITY (EMC)

The Part 3 of EN 61204 specifies electromagnetic compatibility (EMC) limits and
test methods for power supply units (PSUs) providing dc output(s) up to 200 V
at a power level of up to 30 kW, operating from ac or dc source voltages of up to
600 V. It includes limits for electromagnetic emissions which may cause
interference to other electronic equipment (e.g. radio receivers, measuring and
computer devices), as well as electromagnetic immunity limits for continuous
and transient conducted and radiated disturbances including electrostatic
discharges. The standard also specifies general requirements and test
conditions.

Scope: Sector specific

The standard divides the PSUs into five technology group and specifies a set
of test for emissions/immunity for each group, as it is neither reasonable nor
necessary to apply all EMS tests to all PSU technologies since they differ
greatly. The EN 61204-3 is relevant for PSU intended for free-standing
operation (individual apparatus), as well as for component power supplies,
which are considered to be equivalent to apparatus (e.g. PSUs with integral
mains and/or IT equipment connectors that are sold to the general public for
use with printers, etc.). However, regarding component power supplies
intended for a professional assembler/installer (not intended to be accessible
to the final user) the standard is to be used as an aid. It may be replaced by
an end-product EMC standard.

The life cycle phase which is the concern of the standard: Use phase

Among the normative documents, which constitute provisions of EN 61204-3,
are test requirements for example for harmonics and flicker, referring to the
following specifications among others:

« EN 61000-3-2 (2000 + Amendment 2: 2005) Electromagnetic compatibility
(EMC) - Part 3-2: Limits - Limits for harmonic current emissions equipment
with input current 16 A.

 EN 61000-3-3 (1995 + Al: 2001 and A2: 2005) Electromagnetic compatibility
(EMC) - Part 3-3: Limits - Limitation of voltage changes, voltage fluctuations
and flicker in public low-voltage supply systems, for equipment with rated
current 16 A per phase and not subject to conditional connection.

* EN 61000-4-2 (1995) Electromagnetic compatibility (EMC) - Part 4-2: Testing
and measurement techniques. Electrostatic discharge immunity test.

e EN 61000-4-3 (2000) Electromagnetic compatibility (EMC) Part 4-3:
Testing and measurement techniqgues. Radiated, radio-frequency,
electromagnetic field immunity test for general purposes; particular
considerations are devoted to the protection against radio-frequency
emissions from digital radio-telephones.

¢ EN 61000-4-5 (1995) Electromagnetic compatibility (EMC) Part 4-3:
Testing and measurement techniques. Surge immunity test.
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The environmental aspect of the product that can be impacted by the
standard: Material content and energy consumption of the product

The application of this standard will influence the specification and choice of
the product material content. For example, to reduce the harmonics, it is
possible to add some filters. The energy efficiency of the product could also
be impacted.

EMC SPECIFICATIONS IN PRODUCT STANDARDS

EN 61204-3 is general standard for power supplies today and widely applied.
However, EMC specifications in product family specific standards may also
apply to a power supplier. However, this is more the case with component
power supplies than with EPS and battery chargers. Thus, a list of these
standards can be found in Annex 1-3 Product speci fic EMC Standards.

INTERNATIONAL STANDARDS
An international standard is a document established by consensus, and
approved by a recognised body, that provides, for common and repeated use,

guidelines or characteristics for activities or their results, aimed at the
achievement of the optimum degree of order in a given context.

ENERGY EFFICIENCY/CONSUMPTION STANDARDS

IEEE  1515-2000: RECOMMENDED PRACTICE FOR ELECTRONIC POWER
SUBSYSTEMS: PARAMETER DEFINITIONS, TEST CONDITIONS, AND TEST METHODS

This IEEE? standard provides background on general test conditions by
standardising on specification language.

Scope: Sector specific

The scope of the standard covers a broad range of DC-to-DC and AC-to-DC
power systems up to 600Vdc and up to 20kW, intended for use with digital,
analogue and RF electronics. It is referenced e.g. by the test method in
section 1.2.4.1.

The life cycle phase which is the concern of the standard: Use phase
The standard is dedicated to the measurement of energy consumption for the
use phase of the equipment.

The environmental aspect of the product that can be impacted by the
standard: Energy consumption of the product

IEEE: the Institute of Electrical and Electronics Engineers. IEEE, a non-profit organization, is the
world s leading professional association for the advancement of technology.
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ELECTROTECHNICAL STANDARDS

Many of the international IEC standards have been adopted as EN standards,
e.g. IEC 62301 and IEC 60950-1, which correspond to the EN standards
explained in above sections.

IEEE 519 (1992): RECOMMENDED PRACTICES AND REQUIREMENTS FOR HARMONIC
CONTROL IN ELECTRICAL POWER SYSTEMS

IEEE 519 is the North American recommended practice for harmonic levels.

The aim of IEEE 519 is to establish goals for the design of electrical systems
that include both linear and non-linear loads. The document describes the
voltage and current waveforms that may exist throughout the system and
establish waveform distortion goals. It defines the interface between sources
and loads as the point of common coupling with observances of the design
goals to minimise interference between electrical equipment.

Scope: Sector specific

This document applies to all types of static power converters used in
industrial and commercial power systems.

The life cycle phase which is the concern of the standard: Use phase

The standard addresses the problems involved in the harmonic control and
reactive compensation of such converters. Limits of disturbances to the AC
power distribution systems that affect others equipments and
communications are recommended. Voltage and current harmonics limits
total and single harmonic as well as the voltage flicker limits of irritation
curves are referenced for both utility practice and DG requirements.

The environmental aspect of the product that can be impacted by the
standard: Material content and energy consumption of the product

The application of this standard will influence the specification and choice of
the product material content. For example, to reduce the harmonics, it is
possible to add some filters. The energy efficiency of the product could also
be impacted.

THIRD COUNTRY TEST STANDARDS
TEST STANDARDS ON ENERGY USE

AS/NZS 4665.1: TEST METHOD AND ENERGY PERFORMANCE MARK

This test standard specifies the method of test to assess the energy
performance of external power supplies, and the international system for
marking the efficiency on the power supply in the framework of the
Australian/New Zealand minimum energy performance standard for EPS (and
for the moment, also for transformers for halogen lighting).
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This test method was adapted from and is technically identical to the test
method used by the US EPA in the ENERGY STAR program (see Section
1.2.4.1).

ELECTROTECHNICAL STANDARDS IN OTHER COUNTRIES

JIS C 9901 (2004)23 JAPAN

Method of calculation and representation of energy efficiency standard
achievement percentage of electrical and electronic appliances.

UL 1012 (1994) USA: SAFETY STANDARD FOR POWER UNITS OTHER THAN
CLASS 2 (EDITION 6)

The requirements in UL 1012 have been developed to evaluate constant voltage
power supplies (power supplies used in computers, stereo equipment and the
like). They cover portable, stationary, and fixed power units having an input
rating of 600 V or less, direct- and alternating- current, with at least one output
not marked Class 2, and that are intended to be employed in ordinary locations
in accordance with the National Electrical Code (ANSI/NFPA 70).

The requirements cover general purpose power supplies and power supplies for
uses such as to supply some household appliances, school laboratories,
cathodic protection equipment; power supply-battery charger combinations; and
industrial equipment, including inverters, divided into two classes - those rated
10 kVA or less and those rated more than 10 kVA.

UL 1310(1994) USA: SAFETY STANDARD FOR CLASS 2 POWER UNITS (EDITION 4)

These requirements cover indoor and outdoor use Class 2 power supplies and
battery chargers intended for use on alternating current branch circuits with a
maximum potential of 150 V to ground. These requirements apply to:

- Portable and semi-permanent mounted direct plug-in units provided with
15 A blade configurations for use on nominal 120 or 240 V branch circuits;

- Cord- and plug-connected units provided with a 15 or 20 A attachment
plug configuration; and

- Units permanently connected to the input supply.

OTHER SECTOR-SPECIFIC PROCEDURES FOR PRODUCT TESTING

Those documents and methods cannot be considered as official standards as
official standardisation bodies have not adopted them. Nevertheless, e.g. the
test method for calculating energy efficiency of EPS (see below) has been
widely adopted by mandatory regulations and voluntary programs, and by
industry.

JIS C Japanese Industrial Standard, Division C: Electronic & Electrical Engineering
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TEST METHOD FOR CALCULATING THE ENERGY EFFICIENCY OF SINGLE-VOLTAGE
EXTERNAL AC-DC AND AC-AC POWER SUPPLIES (08/2004)

Issued by US EPA, for ENERGY STAR external power supplies (see Section
1.3.3.3), the test procedure has also been adopted by other voluntary programs:

European Code of Conduct (Section 1.3.1.2), and
Chinese CECP (Section 1.3.3.3),

as well as mandatory standards:

California Standards for EPS (see Section 1.3.3.2), and

Australian/New Zealand Minimum Energy Performance Standards (Section
1.3.3.1) Standard AS/NZS 4665.1: Test method and energy performance
mark

Scope: Product specific

The document specifies a test method for calculating the energy efficiency of
EPS across a full range of load conditions.

The life cycle phase which is the concern of the procedure: Use phase

Box 1-2 outlines the test method in some detail. Power supplies with multiple,
simultaneous output voltages and DC-DC voltage conversion equipment are
not included in the scope of the method.

The procedure is not intended to replace IEC/EN 62301 standard (Section
1.2.1.1), which focuses closely on the measurement of standby power, but to
augment and extend it downward to the measurement of no load conditions
and upward to the measurement of active mode conditions. In relation to
IEEE 1515-2000 (Section 1.2.2.1), it adds specificity regarding loading
conditions and reporting requirements.

Box 1-2 Test method: Energy efficiency of EPS

General Measurement Conditions: General conditions concerning measuring
equipment, test room and test voltage as in IEC/EN 62301. The input voltage
source shall be capable of delivering at least 10 times the rated* input power of
the Unit Under Test (UUT).

Measurement Approach

Power supplies that are packed for consumer use to power a product must be
tested with the output cord supplied by the manufacturer. The rated output
current is used to determine the four active mode and the no load conditions
required by this test procedure:

The original document uses the wording nameplate input/output power.
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Load Condition Percentage of Rated Output Current
1 100 % — 2%
2 75 % - 2%
3 50 % — 2%
4 25 - 2%
5 0%

Loading Guideline

In order to load the power supply to produce all four active mode load conditions,
a set of variable resistive or electronic loads shall be used. They need not be
measured precisely with an ohmmeter.

Testing Sequence

The UUT shall be operated at 100% of rated output current for at least 30
minutes immediately prior to conducting efficiency measurements. After this
warm-up period, the ac input power shall me monitored for a period of 5 minutes
to assess the stability of UUT. If the power level does not drift more than 5% from
the observed maximum value (considered stable), measurement can be recorded
at the end of the 5 minute period. Subsequent load conditions (in sequence from
condition 1 to 5 as indicated in the table above) can then be measured under the
same 5 minute stability guidelines. Only one warm-up period of 30 minutes is
required at the beginning of the test procedure.

If ac input power is not stable over a 5 minute period, the guidelines established

by IEC/EN 62301 for measuring average power or accumulated energy over time
shall be followed.

Efficiency calculation
Efficiency at a given load condition (n) is calculated as follows:

Measured Active Output Power,,
Measured Active AC Input Power,,

Efficiency,, =

Average efficiency is calculated and reported as the arithmetic mean of the
efficiency values calculated at load conditions 1 - 5. This simple arithmetic
average of active mode efficiency values is not intended to represent weighted
average efficiency, which would vary according to the duty cycle of the product
power by the UUT.

Power consumption calculation

Power consumption of the UUT at each load condition 1 4 is simply the
difference between the Active output power (W) and the AC active input power
(W) at that load condition. For load condition 5 (no load) the power consumption
is equal to the AC active input power (W) at that load condition.
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The environmental aspect of the product that can be impacted by the

procedure: Energy consumption of the product

The application of this procedure will influence the energy efficiency of the
product.

TEST METHOD FOR DETERMINING THE ENERGY PERFORMANCE OF BATTERY
CHARGING SYSTEMS (12/2005)

Scope: Product specific

Developed by US EPA for evaluating the compliance with the ENERGY
STAR battery charger specifications (see Section 1.3.3.3), the methodology
specifies a test procedure for determining the Energy Ratio (ratio of energy
used to maintain a battery and operate a charger, normalised to stored
battery energy) of devices that charge and maintain secondary batteries.
The document applies to the testing of a range of products such as power
tools, small household appliances, floor care products, flashlights, and other
devices using battery charger systems (BCS) with chargers input power
being from 2 to 300 watts. Box 1-3 outlines the test method in some detail.

Note: EPS that fit the definition contained in ENERGY STAR program
requirements for external power supplies are not covered by this procedure,
even if they are primarily used to charge a battery. The test method above
(Section 1.2.4.1) should be used, instead.

Box 1-3 Test methodology for Battery Chargers

Testing Conditions:

* The power supply (from which the unit under test, UUT, derives
its operating energy for the test) shall provide stable voltage at
nominal +/- 1% with total harmonic content less than 2% (as
specified in IEC/EN 62301). The crest factor of the voltage
waveform must be between 1.34 and 1.49.%

* The abovementioned power supply shall provide stable output
power at a frequency of nominal +/- 1%.

* Air speed shall be <0.5 m/s and ambient temperature shall be
maintained at 23 +/- 5 C.

* Both the UUT and the battery shall be new products. The
battery(ies) shall have experienced no more than 5 complete
charge/discharge cycles prior to testing.

= The peak value of the test voltage shall be within 1.34 and 1.49 times its rms values.
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Determining BCS Energy Ratio

Note: The document contains two discrete testing procedures: an abbreviated and full
test methodology. The abbreviated test method may be conducted in cases where the
UUT s energy consumption in both maintenance and standby modes does not vary
significantly over time. Here only the full test method is outlines since it is to be applied
always in cases of dispute/verification. We have also left out the special cases of multi
voltage and multi-port chargers, which are covered by the standard.

Testing shall commence with a fully discharged battery, consistent with the following
end of discharge voltages:

Nickel-based (NiICD/NiMh) 1.0 V/cell (IEC 61951)

Lead Acid (all types) 1.75 V/cell

All Others Follow manufacturer
specifications

Charge battery with the UUT for the period specified by the UUT manufacturer as
the time needed to fully charge the battery under test. If no charge time is
specified, the battery(ies) is to be charged for a period of at least 24 hours.

At the end of this period; begin measurement of energy used by UUT for battery
maintenance mode. Continue measurement for a period f 36 hours (+/- 1 minute).
Energy use may be measured either as a time series integral of power of as an
accumulated watt-hour total.

Remove battery from charger and continue measurement of standby power for 12
hours (+/- 1 minute).

Note: For some type of cord/cordless products, the charging circuitry is contained

within the device itself and the only detachable part of the system is an AC power

cord. In this case, the standby power/energy is zero. This does not apply to cradle
products with a separable cord, as the cradle may still draw some power when the
device/battery is removed.

Add the accumulated energy values obtained for the two periods to calculate the
non-active energy use for the period.

Exceptions and specials cases:

For multi-voltage a la carte chargers (capable of charging different voltage
batteries) the test procedure must be repeated using three batteries of different
voltage, including the batteries with both the highest and lowest nominal battery
energy.

For multi-port chargers the maximum number of identical batteries the charger
can accommodate must be used for the test in place of a single battery.

For chargers with batteries charged in series, the voltage of batteries is treated as
a single battery with a voltage equal to the sum of all batteries in series.
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Measuring Battery Energy

Measurement of battery energy shall be conducted according to IEC 61951-1 for
nickel-cadmium cells, IEC 61951-2 for NiMH or IEC 61960 for lithium cells. For other
cell chemistries, measurement shall be conducted according to an equivalent, industry
accepted standard.

The battery shall be charged, according to the above section. After charging, it shall
be stored in 20 — 5C for not less than 1 hour and not more than 4 hours. The battery
shall be discharged in the same temperature at a rate of 0.2C (C is the rated Ampere-
hour capacity of the battery). The test shall continue until the battery pack reaches its
end of discharge voltage (see table above).

During this period, voltage shall be logged, integrated at the end of discharge, and

multiplied by the discharge rate to obtain battery energy. Te test may be repeated a
maximum of 5 times, as in IEC 61951, with the best result taken as the final value.

Calculating Energy Ratio

Energy Ratio (ER) is calculated with the following equations:

Reference Voltage

Type of charger Equation for ER V)

_ Nonactive Energy
Battery Energy

Normal (Single battery) V = Vgattery

Nonactive Energies

- ER = _ .
Multi-voltage a la carte Battery Energies V = Vaverage

_ Nonactive Energy
Battery Energies

Multi-port V = Vsingle pack”

* Voltage of Batteries in series shall be treated as a single battery with a voltage
equal to the sum of all batteries in series for all analysis.

The life cycle phase which is the concern of the procedure: Use phase

The procedure is dedicated to the measurement of energy consumption for
the use phase of the equipment.

The environmental aspect of the product that can be impacted by the
procedure: Energy consumption of the product through improved energy
efficiency.
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ENERGY EFFICIENCY BATTERY CHARGER SYSTEM TEST PROCEDURE

California Energy Commission (CEC) who has set mandatory energy efficiency
standards for EPS (see Section 1.3.3.2) is also funding the development of a
generalised test procedure to measure the efficiency of all residential and
commercial battery charger systems, through its Public Interest Energy
Research (PIER) program.

The Draft 2 of the Procedure was published the 28" of February 2006 and
comments to it were requested by the 15" of May 2006. Future updates and
developments related to the test procedure are available at
www.efficientproducts.org/bchargers/.

Scope: Product specific

The scope of the CEC Test Procedure is meant to cover battery charger
systems that operate on single-phase voltage and have a nameplate ac
rating of up to 2 kW. Its scope is thus wider than that of the above mentioned
ENERGY STAR test method for battery chargers (chargers with input power
from 2 to 300 watts).

Battery charger system is understood to include devices that are designed
to run on battery power during part or all of their duty cycle (e.g. many
portable devices) as well as battery systems primarily designed for electrical
and emergency backup (e.g. small scale UPS systems).

The life cycle phase which is the concern of the procedure: Use phase

The procedure is dedicated to the measurement of energy consumption for
the use phase of the equipment.

The test procedure includes three different tests:

- Battery discharge energy test to measure the extractable energy from the
battery associated with the battery charger system.

* Charge mode and Battery maintenance mode test to measure the energy
consumed during one charge and a significant portion of the maintenance
cycle of the unit under test.

* No-battery mode test to measure the energy consumed energy consumed
when the battery is not attached (this test applies only to devices that have a
battery charger system from which the battery itself or a component housing
the battery can be readily removed from the charger during normal operation
while charger remains connected to ac line voltage).

The environmental aspect of the product that can be impacted by the
procedure: Energy consumption of the product through improved energy
efficiency.
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EXISTING LEGISLATION

In this section, environmental and other directives relevant to Lot 7 are
identified. In addition, relevant legislation at Member State level, as well as in
Third Countries (extra-EU) are dealt with. Voluntary agreements and already
existing eco-design standards of the sector are also identified.

LEGISLATION AND AGREEMENTS AT EUROPEAN COMMUNITY LEVEL

EU LEGISLATION

There is no European Directive specific to battery chargers / EPS. Thus, there is
no legislation concerning energy efficiency or consumption. Against this
legislative situation, the most environmentally relevant policy measures are the
WEEE and RoHS Directives. Among the generic European Directives that apply
to electrical and electronic equipment, the most relevant to power supplies are
the Low voltage, General product safety and Electromagnetic compatibility
Directives. The later three Directives are all based on the principles of the so-
called "New Approach”, prescribing essential requirements, the voluntary use of
standards, and conformity assessment procedures to be applied in order to
apply the CE marking®. The above-mentioned Directives are shortly described
below.

DIRECTIVE 2002/96/EC ON_WASTE ELECTRICAL AND ELECTRONIC EQUIPMENT

(WEEE)¥'

The directive applies to the categories of electrical and electronic equipment
which are dependent on electric currents or electromagnetic fields in order to
work properly and equipments for the generation, transfer and measurement of
such currents and fields falling under the categories set out in Annex 1-1 and
designed for use with a voltage rating not exceeding 1000 Volt for alternating
current and 1500 Volt for direct current.

The scope of the directive covers also components, subassemblies and
consumables, which are part of the product at the time of discarding. For this
reason, EPS and chargers are impacted by this regulation.

Effective 13 August 2005, the directive requires the separate collection of
electrical and electronic waste.

DIRECTIVE 2002/95/EC ON THE RESTRICTION OF THE USE OF CERTAIN HAZARDOUS
SUBSTANCES IN ELECTRICAL AND ELECTRONIC EQUIPMENT (ROHS)28

The directive applies to the categories of electrical and electronic equipment
that are covered by the WEEE directive at the exception of Medical devices and

http://europa.eu.int/comm/enterprise/electr_equipment/index_en.htm (download 15-08-2005)
Official Journal L 37, 13/02/2003, p. 24-39
Official Journal L 37, 13/02/2003, p. 19-23
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Monitoring and control instruments. The RoHS directive does not directly apply
to components or sub-assemblies. Moreover, EPS of chargers are not
mentioned in the indicative list of product categories. This is the reason why it
could be considered that RoHS Directive does not cover the EPS and chargers.
However, in order to allow the compliance of IT equipments, tools or households
appliances, EPS and chargers must be designed respecting the prescriptions of
the ROHS directive.

The directive requires the substitution of various heavy metals (lead, mercury,
cadmium, and hexavalent chromium) and brominated flame retardants
(polybrominated biphenyls (PBB) and polybrominated diphenyl ethers (PBDE))
in new electrical and electronic equipment put on the market from 1 July 2006.

Low VOLTAGE DIRECTIVE (LVD) 73/23/EEC

The directive applies to all electrical equipment designed for use with a voltage
rating? 50 1000 V ac and 75 1500 V dc. It requires pro ducts to have
protection against hazards that could arise from within the product itself or from
external influences. All risks arising from the use of electrical equipment,
including mechanical, chemical, and all other risks. Noise and vibration, and
ergonomic aspects, which could cause hazards, are also within the scope of the
directive.

The directive dates back to 1973 and after thirty years, it has been decided that
the text of LVD needs to be modernised and provided with the flexibility to deal
with new risks that were not foreseen at the time of its adoption. Work is
ongoing at the Commission to develop a proposal. A consultation of
stakeholders concerning a possible amendment of the directive was closed in
October 2005.%

GENERAL PRODUCT SAFETY DIRECTIVE (GPSD) 2001/95/EC

The applicability of the safety requirements of this directive is limited only to
those products for which safety provisions of EU law (e.g. other directives) are
not available. Thus, concerning electrical equipment, this directive deals only
goods that are not covered by the LVD.

The directive requires producers to place only safe products on the market, and
to inform about risks. It obliges Member States to survey products on the
market.

ELECTROMAGNETIC COMPATIBILITY (EMC) DIRECTIVE 89/336/EEC, AMENDED BY
DIRECTIVE 92/31/EEC

The directive lays down requirements in order to ensure that an apparatus is
compatible with its electromagnetic environment (covering frequency band 0 to

Voltage ratings refer to the voltage of the electrical input or output, not to voltages, which may
appear inside the equipment.
http://ec.europa.eu/comm/enterprise/electr_equipment/lv/index.htm
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400 GHz). l.e. that it functions as intended without disturbing other equipment
and without being disturbed by other equipment. Equipment must be designed
to minimise any potential electromagnetic interference with other equipment and
also must itself be immune to specific levels of interference.

The directive will be replaced as from 20 July 2007 by the new Directive
2004/108/EC on the approximation of the Laws of Member States relating to

electromagnetic compatibility, published in the OJEU on 31 December 2004 (L
390/24).

EU VOLUNTARY AGREEMENTS

CODE OF CONDUCT, VERSION 2 (24 NOVEMBER 2004)

Prepared by the European Commission in consultation with the stakeholders,
the Code of Conduct concerns single voltage external ac-dc and ac-ac power
supplies for electronic and electrical appliances, including among others AC
adapters, battery chargers for mobile phones, domestic appliances, power tools
and IT equipment, in the output power range 0.3W to 150W. Following EPS are
exempted from the agreement: AC Adapter with more than 1 output terminal
using switching power circuit; and contactless charger using switching power
circuit.

The Code of Conduct aims at minimising energy consumption of EPS both
under no-load and load conditions. Thus, signatories of the Code of Conduct
commit themselves to achieve both the no-load power consumption and on-
mode efficiency targets (see Table 1-3 and Table 1-4), for at least 80% of
products for phase 1 (1.1.2005 31.12.2006), and 9 0% for phase 2°' (1.1.2007
onwards) for the new models introduced on the market after the indicated date.

Table 1-3 No-load Power Consumption Targets under Code of C onduct

No-load power consumption
Rated Output Power Phase 1 Phase 2
0.3 W<15 0.30 W 0.30 W
15 W<50 0.50 W 0.30 W
50 W<60 0.75W 0.30 W
60 W< 150 1.00wW 0.50 W

The European Commission has proposed to all companies producing or buying
EPS to sign this Code of Conduct. Signatories will report on a yearly basis in a
confidential manner to the EC how many models of EPS out of the total number

The external power supplies not meeting the Code of Conduct specifications shall not in any case
exceed 10% of the total sales volume for all models (falling in the scope of the Code of Conduct)
produced or purchased by a participating company.
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of models a manufacturer produces reach the target in that year. In 2004, 10
companies fulfilled the reporting requirements: in total they reported 96 models,
56% of which were complying with the Code of Conduct requirements.* In
2005, there were 8 reporting companies: 92% of the reported 130 models
complied with the requirements.® In May 2006, 21 companies were listed at the
Code of Conduct internet site as signatories.

Table 1-4 Energy-Efficiency Criteria for Active Mode in Cod e of Conduct

(for the period 1.1.2005 - 31.12 2006)

Phase 1 Phase 2 (valid after 1.1.2007)

Rated Output Energy-Efficiency Rated Output Energy-Efficiency in
Power in Active mode* Power Active mode*
(%) (expressed as decimal)

0 W<15 30 J o<W 1 049 P

15 W<25 40 ‘

25 W<45 50 ‘

45 W<6.0 60 ‘ 1<W 49 [0.09 Ln(P )]+ 0.49
6 W<10 70 |
10 W<25 75 ‘

25 W <150 80 | 20<w 150 0.84

* On-mode efficiency is to be measured at 100% load (i.e. full rated output current) OR
declared as the simple arithmetic average of efficiency measurements made at 25%,
50%, 75% and 100% of full rated output current.
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EUROPEAN ECO-LABEL

European Eco-labelling scheme, while not having specifications for EPS/BC as
individual products, has set requirements for them as part of the associated
appliances. Following specification defines requirements for EPS:

* Portable Computers

The criteria for eco-labelled portable computers® specify that their EPS shall
have a maximum consumption of no more than 0.75 W when it is connected
to the electricity supply but is not connected to the computer .

Siderius, H-P. Results of CoC for 2004. Presentation at the meeting of the CoC working group 25
May 2005, DG JRC, Ispra, Italy.

Siderius, H-P. Results of CoC for 2005. Presentation at the meeting of the CoC working group 08
March 2006, DG JRC, Ispra, Italy.
http://energyefficiency.jrc.cec.eu.int/html/s_b-ParticipantsCoC.htm
http://ec.europa.eu/environment/ecolabel/product/pg_portablecomputers_en.htm
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It should be mentioned that by June 2006, there were no labelled products in
this category.

GEEA LABEL / BENCHMARKS

GEEA (Group for Energy Efficient Appliances) is a forum of representatives
from European national energy agencies and government departments (Austria,
Denmark, Finland, France, Germany, the Netherlands, Sweden and
Switzerland) working with industry on voluntary information activities in the field
of energy efficient home electronics, office equipment and IT-equipment.

To allow the consumer to make an informed choice, a recognisable label was
launched. However, the GEEA labelling scheme has not been very attractive to
manufacturers, most likely reason being that other more widely known schemes
such as ENERGY STAR exist. However, the GEEA criteria have been attractive
to national authorities as a way to set national benchmarks. The criteria are
revised regularly and GEEA aims at setting the label criteria so as to indicate
that appliance has a high energy-efficiency profile, only reached by
approximately 25% of the most efficient models on the market . Thus the current
and future goal of GEEA is to effectively contribute to the establishment of a
uniform European-wide scheme on voluntary informative activities rather than
promoting an alternative labelling scheme. Each GEEA Member is to implement
informative campaigns according to the characteristics of its consumer market.

GEEA has set label criteria for three product groups directly relevant to this
study:

* EPS/BC for Portable Personal Equipment i.e. equipment which can run on
batteries and is sold with a charger or EPS

»  Wall Packs, sold as separate product

- Battery Chargers, sold as separate product.

Table 1-5 presents the criteria for these groups. It should be noted that there are
no products in these categories with a GEEA label and maybe there never will
be, for the above mentioned reasons.

Table 1-5 GEEA labelling / benchmarking criteria

Product category 2005 2006
EPS/BC for Portable personal | No-load mode 0,3W 0,1W
equipment

Wall packs 0,3W 0,1W
Battery chargers No-load mode 0,3W -
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LEGISLATION AT MEMBER STATE LEVEL

MEMBER STATE LEGISLATION

No specific regulation has been identified at Member State level.
MEMBER STATE VOLUNTARY AGREEMENTS

GERMANY: BLUE ANGEL (RAL-UZ 106)

The Blue Angel eco-label is to signal the buyer that, compared with other
products, the one bearing the environmental label takes precautionary
consumer protection into account and has more favourable health and
environmental properties.

The scheme does not have specifications for EPS/BC as individual products,
but it sets requirements for them as part of the specifications of the associated
appliances:

* Portable Computers

The revised criteria for these products specify that appropriate EPS must
meet the requirements of the European Commission Code of Conduct on
Efficiency of EPS (see section 1.3.1.2) *°.

* Mobile phones

Mobile phones are covered by the scheme and there are specifications for
the appliances on the whole. However, these specifications do not set
specific requirements for EPS/BC.

It should be mentioned that by June 2006, there were no labelled products in
these categories.

NORDIC COUNTRIES: NORDIC SWAN

The Swan is the official Nordic eco-label, introduced by the Nordic Council of
Ministers (Norway, Denmark, Iceland, Finland and Sweden). As the European
Eco-label and the German Blue Angel, the scheme does not have specifications
for EPS/BC as individual products. However, the following specification is
relevant in this context:

* Portable Computers

The EPS of the portable computer shall have a maximum consumption of no
more than 0.75 W when it is connected to the electricity supply but is not
connected to the computer. ¥

RAL (2006) Basic Criteria for Award of the Environmental Label Computers (RAL-UZ 78, edition
June 2006)
Swan labelling of Personal computers, version 4.1 (10 June 2005 18 June 2008)
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THIRD COUNTRY LEGISLATION

In recent years, State of California and Australia/New Zealand have developed
mandatory standards on energy efficiency of EPS. Other US States are in the
process of setting standards. United States has also started a process for
developing federal EPS efficiency standards over the next five years.

These EPS legislations are based on the approach and basic efficiency levels of
the voluntary ENERGY STAR labelling program, which will be the topic of the
Section 1.3.3.3. In this section other third country and international voluntary
agreements on energy efficiency of EPS and BC are identified.

LEGISLATION IN AUSTRALIA/NEW ZEALAND

AUSTRALIA AND NEW ZEALAND: MEPS (MINIMUM ENERGY PERFORMANCE
STANDARDS) FOR EPS

According to the latest information®®, from 1% April 2008, most EPS with a
nameplate DC output power rating up to 250 Watts, manufactured or imported
for sale in Australia or New Zealand will be required to meet or exceed the
average energy efficiency levels as provided in the Minimum Energy
Performance Standards (AS/NZS 4665.2-2005). The requirements are
technically identical to the ENERGY STAR criteria (see Section 1.3.3.3). In
addition to the mandatory requirements, the standards define voluntary
requirements for a high efficiency product; they are identical to the Phase 2
requirements of the CEC standards (see Table 1-7).

The requirement and ability for AC-AC external power supplies to meet both no
load and efficiency criteria is currently being analysed.®®

The energy performance standard is associated with a test standard AS/NZS
4665.1-2005: Test method and energy performance mark, which has been
adopted from the test method outlined in Section 1.2.4.1.

Australian and New Zealand governments strongly encourage manufacturers
and suppliers to mark products in accordance with the International Marking
Protocol (see Section 1.3.3.5), however this is not yet mandatory.

AUSTRALIA AND _NEW ZEALAND: MEPS (MINIMUM ENERGY_ PERFORMANCE
STANDARDS) FOR HALOGEN LIGHTING TRANSFORMERS

Currently MEPS for extra low voltage tungsten halogen lighting transformers,
which can be considered as EPS, are under consideration in Australia/New
Zealand. A full background report with MEPS proposal was released in April
2005. The proposed minimum and high efficiency levels are summarised in
Table 1-6.

FACT SHEET: Australian and New Zealand Energy Performance Requirements for External
Power Supplies, December 2006, available at http://www.energyrating.gov.au/library/pubs/2006-
factsheet-eps.pdf (viewed 22/01/2007)
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Table 1-6 - Proposed MEPS for halogen lighting transformers (Australia and
New Zealand)

Rated transformer MEPS level High efficiency level
power (% efficiency) (% efficiency)
200 VA 86% 92.5%
> 200 VA 91% 92.5%

The high efficiency level will be used as the preliminary phase 2 MEPS level,
likely to commence not earlier than 2010. It also serves as eligibility criteria for
Energy Allstars, which is a database and website*® that identifies the most
energy efficient products (top 10-25%) sold in Australia. To date, no lighting
products are listed.

There are currently no suitable international test methods for energy efficiency
of low voltage halogen lighting transformers. A Standards Australia working

group has been established to draft a suitable test standard, based on the
Australian Standard for EPS (see Section 1.2.3.1).%

LEGISLATION IN UNITED STATES AND CANADA

CALIFORNIA STANDARDS FOR EPS

On December 15, 2004, the California Energy Commission (CEC) adopted
mandatory efficiency requirements for external power supplies sold in California
which were amended in December 2006*. The general definitions and the
efficiency requirements for the Phase 1 are identical to those of the ENERGY
STAR (see Section1.3.3.4). The Phase 1 standards became effective January
1, 2007, for EPS used with laptop computers, mobile phones, printers, print
servers, scanners, personal digital assistants (PDAs), and digital cameras. For
EPS used with wireline telephones and all other applications, the effective date
is July 1, 2007.

In addition, the CEC has already specified requirements for the Phase 2, which
are to become effective July 1, 2008. The phase 2 requirements are shown in
Table 1-7 for both active and no-load modes. Each power supply shall be
marked on its nameplate with the appropriate numeral according to the
International Marking Protocol (see Section 1.3.3.5).

The CEC has adopted the test method outlined in Section 1.2.4.1, to be used in
energy efficiency testing.

http://energyallstars.gov.au/products/index.html

NAEEEP (2005) MEPS Halogen lighting transformers. Report no. 2005:13. Available at:
http://www.energyrating.gov.au/library/details200513-mepshalogentrans.htmi

California Energy Commission (2006) Appliance Efficiency Regulations, (California Code of
Regulations, Title 20, Sections 1601 through 1608), available at
http://www.enerqgy.ca.gov/appliances/2006requlations/index.html (viewed 18/01/2007)
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Table 1-7 California standards (Phase 2) for EPS for active and no-load

modes
Phase 2
(01/07/2008 )
Minimum Efficiency Maximum Energy
Rated Output in Active Mode* Rated Output Consumption
Power (Pno) (expressed as Power (Pno) in No-Load Mode
(in watts) decimal) (in watts) (in watts)
O < Pno 1 05 P no
1<Pn 51 [0.09 Ln(P )]+ 0.5 0<Pn 250 05w
51<Py 250 0.85
* Active mode efficiency is to be declared as the simple arithmetic average of efficiency
measurements made at 25%, 50%, 75% and 100% of full rated output current.
Pno = rated output power (called nameplate output power in the original document

OTHER STATE STANDARDS FOR EPS

Following the example of California, a number of other US States have recently
developed appliance energy efficiency standards, including standards for
single-voltage external power supplies. Table 1-8 summarises the enacted
EPS standards, as of July 2006, indicating the date of implementation (except
California, see above).*?

Table 1-8 Implementation dates of State EPS energy
efficiency standards (except California)

State Implementation date
Arizona 01/2008
Massachusetts 01/2008

New York *

Oregon 01/2007

Rhode Island 01/2008

Vermont 01/2008

Washington 01/2008

* For most products, the New York legislation requires the
implementing agency to develop standards by June 30, 2006 and to
implement such standards no sooner than six months after issuing
final rules. The proceedings to develop these standards are currently
underway.

42 http://www.standardsasap.org/O6stateupdate.pdf
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UNITED STATES APPLIANCE EFFICIENCY STANDARDS

On January 31, 2006, the US Department of Energy (DOE) released a schedule
for setting new mandatory federal appliance efficiency standards over the next
five years. Statutes require DOE to set appliance standards at levels that
achieve the maximum improvement in energy efficiency that is technologically
feasible and economically justified. The plan provides for setting standards for
Battery chargers and EPS, which are covered by Energy Policy Act of 2005
(EPACT 2005). The provisional goal of the standard seems to be to improve the
efficiency of the current distribution of power supplies to a minimum of 80%
efficiency.®

A number of new test procedures required by EPACT are to be issued, too.*
According to the DOE schedule, test procedure should be finalised by August
2007. DOE must issue standards for EPS by August 2008, which are to be
effective by August 2011. State EPS standards are not pre-empted until the
federal standards go into effect.****

CANADIAN NATIONAL REQUIREMENTS FOR EPS

Canadian Standards Association (CSA) is preparing a Canadian national
requirement for a single output EPS regarding minimum efficiency and no-load
performance. Draft standard is to be established in 2007 and the mandatory
compliance date is targeted for 2008.

LEGISLATION IN CHINA ENERGY CONSERVATION PROJECT (CECP)

Recently®, based on the voluntary China Energy Conservation Project (CECP),
China has set mandatory standards regarding the minimum allowable values of
energy efficiency for single voltage external AC-DC and AC-AC power supplies
(CSC/T30-2005). The CECP worked closely with ENERGY STAR in order to
harmonise testing procedures and energy efficiency standards for EPS. Two
years after the implementation date of this standard, the minimum allowable
energy efficiency and maximum no-load consumption are those of ENERGY
STAR, phase 1, requirements, however, during these two years the
requirements are slightly lower.*®

DOE (2006) 2006 Schedule setting spreadsheets, available at:
http://www.eere.energy.gov/buildings/appliance_standards/2006_schedule_setting.html

Source: http://www.eere.energy.gov/buildings/appliance_standards/2006_schedule_setting.html
WTO (2006) Notification G/TBT/CHN/236, 16 November 2006, English

General Administration of Quality Supervision, Inspection and Quarantine of the People s
Republic of China (2006) Minimum allowable values of energy efficiency and evaluating values of
energy conservation for single voltage external AC-DC and AC-AC power supplies (draft for
approval), English version.
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THIRD COUNTRY AND INTERNATIONAL VOLUNTARY AGREEMENTS

ENERGY STAR PROGRAM EPS STANDARDS

ENERGY STAR' label

ENERGY STAR program initiated by US EPA was a pioneer in setting energy
efficiency requirements for EPS. Manufacturers have been able to qualify and
promote EPS as ENERGY STAR since 1 January 2005. As was seen above,
California and Australia/New Zealand have adopted the ENERGY STAR
requirements as mandatory standards. China is developing its voluntary
specifications in accordance with ENERGY STAR.

The voluntary ENERGY STAR program specifies program requirements and
eligibility criteria for single voltage external ac-dc and ac-ac power supplies
whose rated output power is less than or equal to 250 watts.

The definition of an EPS is in line with the definition used for this study.*’

The specification includes efficiency requirements for active mode, as well as
maximum standby/no-load levels during the use phase. The label fixes limit
values to respect: the minimum energy efficiency in active mode and the
maximum energy consumption in no-load mode.

An individual model can only be qualified under one ENERGY STAR
specification, i.e., EPS or battery charging system, (see the following sub-
section) that best reflects the power supply and product design.

Since January 2005, it has been possible to qualify and promote EPS as
ENERGY STAR. In order to qualify as ENERGY STAR, an EPS must meet or
exceed a minimum average efficiency for active mode, which varies based on
the model s rated output power®® (Table 1-9); and comply with the no-load
power requirement, which specifies the maximum ac power that may be used by
a qualifying EPS in the no-load condition (Table 1-10).

ENERGY STAR Program Requirements for Single Voltage External AC-DC and AC-AC Power
Supplies Eligibility Criteria (Version 1.1), 03 Mar ch 2006.

The Energy Star uses the term nameplate output power, but for the sake of clarity we have
chosen to use the rated output power (as in European Code of Conduct) throughout the
document.
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Table 1-9 ENERGY STAR energy-efficiency criteria for active

Rated Output Power (Py) Minimum Efficiency
(in watts) in Active Mode*
(expressed as decimal)
0<P, 1 0.49 P .,
1<P, 49 [0.09 Ln(P ., )]+ 0.49
49<P,, 250 0.84

rated output current.

* Active-mode efficiency is to be declared as the simple arithmetic
average of efficiency testing at 25%, 50%, 75% and 100% of

Table 1-10 ENERGY STAR energy consumption criteria for no lo ad (Phase 1)

mode (Phasel)

Rated Output Power (Py,)

Maximum Energy Consumption

(in watts) in No-load Mode
0<P,<10 0.5W
10 P, 250 0.75W

To reflect the forthcoming improvements in technology, US EPA plans to
implement phase 2 specifications on 1 January 2008. To this effect, EPA has
already proposed phase 2 criteria for no-load energy consumption: 0.3 W (Py,
less than 10 W) and 0.5 W (P,, from 10 to 250 W). Average active efficiency
criteria are still to be determined.

ENERGY STAR partners shall follow the international efficiency marking

protocol (Section 1.3.3.5) to indicate the energy performance of their ENERGY
STAR qualified power supplies.

ENERGY STAR PROGRAM STANDARDS FOR BATTERY CHARGERS

Since 1 January 2006, manufacturers have been able to qualify and promote
battery charging systems as ENERGY STAR. The program specifies
performance requirements for:

a) Battery charging systems packaged with portable, rechargeable
products whose principal output is mechanical motion, light, the
movement of air, or the production of heat (e.g., small home appliances,
personal care products, power tools, flashlights, and floor care
products);

b) Stand-alone battery chargers sold with products that use a detachable
battery (e.g., some digital camera and camcorder designs); and

c) Battery charging systems intended to replace standard sized primary
alkaline cells including: AAA, AA, C, D, 9-volt, etc. (i.e., universal battery
chargers).

January 2007

Preparatory Studies for Eco-design Requirements of EuPs
Lot 7: Battery chargers & external power supplies

1-47



ENERGY STAR program does not cover:

* Inductively coupled devices used to transfer energy between two separate
enclosures;

e Chargers with rated input power less than 2 watts and greater than 300
watts; and

e Charging systems that draw additional power to support added functionality
such as radios, CD players, GFI AC outlets, and cleaning devices.

Three operational modes are defined for battery charging systems appliances:

- Active Mode: The condition in which the battery is receiving the main
charge, equalizing cells, and performing other one-time or limited-time
functions necessary for bringing the battery to the fully charged state.

- Battery Maintenance Mode: The condition in which the battery is still
connected to the charger, but has been fully charged. This mode may persist
for an indefinite period of time.

» Standby (No-Load) Mode (IEC 62301, Section 2.1.1.1): Lowest power
consumption mode which cannot be switched off (influenced) by the user and
that may persist for an indefinite time when an appliance is connected to the
main electricity supply and used in accordance with the manufacturer s
instructions.

ENERGY STAR program focuses on non-active modes (i.e., battery
maintenance and standby) because they offer significant potential for energy
savings and can be consistently measured through a robust and easy-to-use
test method (see Section 1.2.4.2). While a total energy approach including
active mode has the benefit of addressing all operational modes, it also would
require more complex usage scenarios/assumptions per product area.

To be eligible for ENERGY STAR qualification, a battery charging system must
not exceed a maximum non-active energy ratio, which is based on the nominal
battery voltage (Vb). Energy ratios for common battery voltages are shown in
Table 1-11. For intermediate voltages, the battery charging system must not
exceed the maximum Energy Ratio associated with the next highest voltage
represented in the table.

Table 1-11 Energy performance criteria (expressed as maximum non-active
Energy Ratio, ER) for common battery voltages

Vb 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.6 10.8 12.0

ER 200 169 137 116 96 7.5 7.0 6.5 6.1 5.6

Vb 132 144 156 168 180 19.2 204 216 2238 24.0

ER 51 4.5 4.3 4.2 3.8 3.6 3.5 3.3 3.2 3.0

Vb = Nominal battery voltage
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KOREAN E-STANDBY PROGRAM

The voluntary Energy-saving Office equipments & Home Electronic Appliances
Program (e-Standby Program) has been implemented in the Republic of Korea
since April 1, 1999. The program, operated by Ministry of Commerce, Industry
and Energy (MOCIE) and Korea Energy Management Corporation (KEMCO) is
aimed at reducing the standby power consumption.

External power supplies up to the rated input of 100 W, and battery chargers for
mobile/cordless phones are included in the program. In public procurement, the
Korean government gives preference to commodities produced using clean
technologies.*®

For external power supplies (up to 100 W), the standard sets a maximum no-
load limit of 0.8 Watts. For battery chargers for mobile/cordless phones the
maximum no-load limit was 1 W up until 31 December 2005, and will be 0.5 W
from 1 July 2006 onwards.*

According to a stakeholder comment, for EPS, active mode minimum efficiency
specifications similar to the ENERGY STAR levels were added to the standard
in 2006.>*

Consumers can identify the energy saving products by the Energy Boy
endorsement label (energy-saving label) on the pertinent products (see Figure
1-4).

Figure 1-4 Energy Boy label for Korean e-standby program

\\"

l.\
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JAPANESE TOP RUNNER PROGRAM

In the Top Runner Program the energy performances of the most efficient
products supplied domestically are used to set up the next efficiency standards.
This best practice approach is implemented by the Japanese Ministry for
Economic Trade and Industry (METI, formerly MITI) in accordance with the
Japan’s Law Concerning the Rational Use of Energy. Products included in the
program and of relevance (albeit indirect) to EPS, are laptop computers.

49 OECD/IEA (2002) Energy Policies of IEA Countries The Republic of Korea 2002 Review
%0 Korea Energy Management Corporation - KEMCO:
http://www.kemco.or.kr/english/sub03_energyefficiency02.asp

®1 Stakeholder comment from R. Fassler, Power Integrations, 14/12/2006
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1.3.35

However, the Top Runner standards do not impose minimum energy
performance standards for individual appliances. Japanese standards set a
lower limit for the sales-weighted average efficiency of each manufacturer’s
shipment volumes by category per fiscal year. Stand-by consumption is included
in the calculation of the energy-efficiency index for these appliances.

The advantage of the approach employed by the Top Runner program is its
flexibility. It leaves more freedom to the manufacturer to adapt to the new
regulation: they are free to keep energy consuming equipment on the market
but they have to stimulate purchase of more energy-efficient equipment in order
to meet the sales-weighted average efficiency target.

The Top Runner program is voluntary, but apparently in practice no

manufacturer would risk negative publicity because it fails to achieve the
standards.

JAPANESE ECO MARK PROGRAM

Eco Mark Program has been administered by the Japan Environment
Association (JEA), since 1989, under the authority of the Japanese Environment
Agency. The JEA develops environmental standards and permits compliant
products to bear the Eco Mark symbol (Figure 1-5).

Figure 1-5 Japanese Eco Mark

Eco Mark requirements (on standby) are currently limited to computers, printers
and copiers. The requirements may indirectly apply to EPS as far as a computer
or a printer is powered by external power supply.

e Personal computers: Maximum electricity consumption at off-mode of 2 W.

e Printers: Maximum electricity consumption at off-mode of 1 W.

INTERNATIONAL EFFICIENCY MARKING PROTOCOL FOR EPS

In 2005, an International Efficiency Marking Protocol for EPS was developed to
create labelling scheme for identifying EPS s energy efficiency. As of 1 January
2005, the agencies that manage ENERGY STAR based programs had
expressed their support to the protocol, i.e. US EPA, CEC, CECP and
Australian Greenhouse Office (AGO). Product marking according to the protocol
is mandatory under the CEC mandatory standards (section 1.3.3.2) and for the
participants of the voluntary ENERGY STAR program (section 1.3.3.3).
Australian authorities strongly encourage following the protocol, but despite the
mandatory status of the energy performance standards (section 1.3.3.1), the
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efficiency marking is not mandatory at present. For China’'s CECP (Section
1.3.3.3) marking is also voluntary.

Figure 1-6 shows an illustration of the efficiency mark on an application. The
mark, or efficiency indicator, is not intended to serve as a consumer information
label, but to indicate the performance of the EPS when tested to the specific
method.

The efficiency mark consists of Roman numeral (I — VII) and is to be printed on
the power supply nameplate, as shown in Figure 1-6 below. “I” is the least
stringent i.e. least efficient level, VII being the most efficient level. To date,
levels | — V have been set, higher levels have been reserved for future use as
more stringent levels are established.

Figure 1-6 — lllustration of International Efficiency Mark. The text “efficiency
level” can be omitted.

Each efficiency level comprises both no-load and average -efficiency®
requirements. Table 1-12 provides the specific performance requirements for
each efficiency level; the regulatory significance of each level is also mentioned.

Table 1-12 — Marks of the International Efficiency Marking Protocol: Energy
performance requirements and regulatory significance

Mark

Performance Requirements

P No-Load Pro Average Efficiency Regulatory Significance
Power - :
(W) (W) (W) (in decimals)

None of the criteria below are met

52

Average efficiency is defined as the arithmetic average of efficiency measurements made at 25%,
50%, 75%, and 100% loading.
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