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Preface

The California Energy Commission’s Public Interest Energy Research (PIER) Program supports
public interest energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy services and
products to the marketplace.

The PIER Program annually awards up to $62 million to conduct the most promising public
interest energy research by partnering with Research, Development, and Demonstration
(RD&D) organizations including individuals, businesses, utilities, and public or private research
institutions.

PIER funding efforts are focused on the following RD&D program areas:

¢ Buildings End-Use Energy Efficiency

e Energy-Related Environmental Research

e Energy Systems Integration

e Environmentally Preferred Advanced Generation

¢ Industrial/Agricultural/Water End-Use Energy Efficiency

¢ Renewable Energy Technologies

Test Method for Calculating the Energy Efficiency of Single-Voltage External AC-DC Power Supplies is
the final report for the project (Contract Number 500-01-025, Work Authorization E2I-WA-008)
conducted by Ecos Consulting and Power Electronics Application Center. The information from
this project contributes to PIER’s Buildings End-Use Energy Efficiency Program.

For more information about PIER Program, please visit the Energy Commission’s website at
www.energy.ca.gov/pier or contact the Energy Commission at 916-327-1551.



http://www.energy.ca.gov/pier
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Abstract

A single voltage power supply provides one direct current output that is either at a fixed
voltage or user-selectable voltage through a selector switch. Power supplies with multiple,
simultaneous direct current output voltages, whether internal or external, are beyond the scope
of this document. This project developed a test procedure establishing a standardized method
that can be used worldwide to measure the efficiency of single voltage external alternating
current to direct current power supplies across a full range of load conditions. The test method
is not to replace the International Electrotechnical Commission Standard 62301, which focuses
closely on measuring standby power, but to augment the measurements of both no load
conditions (when no power is being drawn by a device) and active mode (when a device is
drawing power from the supply unit) conditions.

Research into power supply efficiency can save Californians an estimated 644 gigawatts per
hour, which is the amount of energy used by 92,000 homes in one year, or about $90 million
annually. Also, a number of governments around the world intend to use this test procedure to
assess and compare the efficiency of power supplies.

Keywords: Power supply, single voltage, fixed voltage, output voltage, IEC 6230
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Executive Summary

Introduction

Single-voltage external alternating current (AC) to direct current (DC) power supplies are
designed to convert line voltage AC into low-voltage DC. These power supplies are typically
required by laptop computers, cordless and cellular phones, monitors, computer speakers, and
other types of electronic equipment. External power supplies are contained in a separate
housing from the product they are powering. These external power supplies are often referred
to as “AC adapters.”

Purpose

This test procedure establishes a standardized method that can be used worldwide to measure
the efficiency of single voltage external AC-DC power supplies across a full range of load
conditions. This test procedure will not replace the International Electrotechnical Commission
Standard 62301, which focuses closely on the measurement of standby power. The new test
procedure will augment external power supply standards to measure no-load conditions (when
no power is being drawn by a device) and active mode (when a device is drawing power from
the supply unit) conditions. Additionally, the intent is not to replace the Institute of Electrical
and Electronics Engineers Standard 1515-2000, but to add specificity regarding loading
conditions and reporting requirements.

Approach

Any built-in switch in the power supply unit being tested by controlling power flow to the AC
input shall be in the “on” position for this measurement, and the existence of such a switch shall
be noted in the final test report.

Power supplies that are packaged for consumer use must be tested with the DC output cord
supplied by the manufacturer. There are two options for connecting metering equipment to the
output of this type of power supply: cut the cord immediately adjacent to the DC output
connector, or attach leads and measure the efficiency from the output connector itself. If the
power supply is attached directly to the product that it is powering, the metering equipment
should be attached by cutting the cord immediately adjacent to the powered product and
connecting the DC measurement probes at that point.



The following information shall be reported once for each unit under test: a description of test
conditions that includes ambient temperature immediately surrounding the unit, date, and
location of the test; unit manufacturer, unit model name, unit model number, unit DC cord
length (+ 1 cm), whether a built-in switch is present on the unit, product powered by the unit (if
known), name of test lab, name of technician performing the test, and a description of test
equipment used with most recent calibration date.

Results

In 2003, the California Energy Commission publicly vetted and adopted the test mothod
described in this document. In 2004, the U.S. Environmental Protection Agency’s ENERGY
STAR® Program adopted the Energy Commission’s test method, as well as China, Australia,
Canada, Brazil, and several other European countries. In 2005, ENERGY STAR began labeling
power supplies that meet the new requirements. Then, in 2007, the Federal Energy
Independence and Security Act incorporated efficiency requirements for power supplies using
the Energy Commission’s Public Interest Energy Research program’s test method (assuming up
to 270 million new units sold in the United States results in estimated energy savings of $150
million per year).



1.0 Introduction

This document specifies a test method for calculating the energy efficiency of single-voltage
external AC-DC power supplies. AC-DC power supplies are designed to convert line voltage
AC into the low voltage DC typically required by electronic equipment, such as laptop
computers, cordless and cellular phones, portable stereos, monitors, and computer speakers.
External power supplies are contained in a separate housing from the product they are
powering. These external power supplies are often referred to as “AC Adapters.”

A single voltage power supply provides one DC output that is either at a fixed voltage or user
selectable through a selector switch. Power supplies with multiple, simultaneous DC output
voltages, whether internal or external, are beyond the scope of this document.

AC-AC voltage conversion equipment such as AC transformers and DC-DC voltage conversion
equipment such as DC-DC converters are not included in the scope of this document, except to
the extent that such circuitry may be found within an AC-DC power supply.

The purpose of this test method is to establish a standardized method that can be used
worldwide to measure the efficiency of single voltage external AC-DC power supplies across a
full range of load conditions. The intent is not to replace IEC 62301, 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.
Additionally, the intent is not to replace IEEE 1515-2000, but to add specificity regarding
loading conditions and reporting requirements. A number of governments around the world
intend to use this test procedure to assess and compare the efficiency of power supplies.






2.0 Definitions

For the purpose of this document the following definitions apply. Terms defined in IEC 60050
and IEEE 100 apply.

a. Active Mode

Active mode refers to a condition in which the input of a power supply is connected to line
voltage AC and the output is connected to a DC load drawing a fraction of the power supply’s
nameplate power output greater than zero.

b. Active Mode Efficiency

Active mode efficiency is the ratio, expressed as a percentage, of the total real output power
(DC) produced by a power supply to the real input power (AC) required to produce it. See
IEEE 1515-2000, 4.3.1.1.

c. No Load

In this document, no load refers to a condition in which the input of a power supply is
connected to an AC source consistent with the power supply’s nameplate AC voltage, but the
output is not connected to a product or any other load.

d. No Load Power

No load efficiency would by definition be 0 when calculated on a percentage basis (see 3b
above). In this document, no load power is defined as the wattage of real power (AC)
consumed by a power supply operating in the no load condition.

e. UUT

UUT is an acronym for “unit under test,” which in this case refers to the power supply sample
being tested.

f. Ambient Temperature

Ambient temperature is the temperature of the ambient air immediately surrounding the UUT.

g. Power Factor (True)

The true power factor is the ratio of the active, or real, power (P) consumed in watts to the
apparent power (S), drawn in volt-amperes (VA).

pE="
S

This definition of power factor includes the effect of both distortion and displacement.



h. Total Harmonic Distortion (THD)

THD is the ratio, expressed as a percent, of the rms value of an AC signal after the fundamental
component is removed to the rms value of the fundamental component. THD of current is
defined as:

where Iis = rms value of 13" harmonic of the current signal.

i. Apparent Power (S)

The total or apparent power (S) is the product of rms voltage and rms current (VA).

j. Nameplate Input Voltage

Nameplate input voltage is the appropriate AC input voltage of the power supply as specified
by the manufacturer on the label on the housing of the power supply. This is often expressed as
a range, such as 100 to 240 V.

k. Nameplate Input Frequency

Nameplate input frequency is the appropriate AC input frequency of the power supply as
specified by the manufacturer on the label on the housing of the power supply. Many power
supplies are labeled to operate on more than one input frequency.

I. Nameplate Output Voltage

Nameplate output voltage is the voltage output of the power supply as specified by the
manufacturer on the label on the housing of the power supply. Because unregulated and
regulated power supplies both exhibit some voltage deviation from nameplate output voltage
when supplying current, actual output voltage is likely to differ from nameplate voltage at
certain current outputs.

m. Nameplate Output Current

Nameplate output current is the current output of the power supply as specified by the
manufacturer on the label on the housing of the power supply. Loading conditions for the
power supply are determined by multiplying nameplate output current by 100%, 75%, 50%,
25%, and 0% respectively.



3.0 General Conditions for Measurement

a. General

Unless otherwise specified, measurements shall be made under test conditions and with
equipment specified below.

b. Measuring Equipment

Power measurements shall be made with a suitably calibrated voltmeter and ammeter, or
power analyzer. As is specified in IEC 62301, measurements of active power of 0.5 W or greater
shall be made with an uncertainty of <2%. Measurements of active power of less than 0.5 W
shall be made with an uncertainty of < 0.01 W. The power measurement instrument shall have a
resolution of 0.01W or better for active power. Measurements of voltage and current shall be
made with an uncertainty of < 2%.

c. Test Room

As is specified in IEC 62301, the tests shall be carried out in a room that has an air speed close to
the UUT of < 0.5 m/s. The ambient temperature shall be maintained at 20 + 5°C throughout the
test. There shall be no intentional cooling of the UUT by use of separately powered fans, air
conditioners, or heat sinks. The UUT shall be tested on a thermally non-conductive surface.
Products intended for outdoor use may be tested at additional temperatures, provided those are
in addition to the conditions specified above and are noted in a separate section on the test
report.

d. Test Voltage

An AC reference source shall be used to provide input voltage to the UUT. As is specified in
IEC 62301, the input to the UUT shall be the specified voltage + 1% and the specified frequency
+1%. The UUT shall be tested at two voltage and frequency combinations: 115 V at 60 Hz and
230 V at 50 Hz if its nameplate input voltage and frequency indicate that it can operate safely
under both conditions. If testing at both conditions is not possible, the UUT shall be tested at
one of the above voltage and frequency combinations that is closest to its nameplate input
voltage and frequency. If voltage and/or frequency ranges are not specified by the manufacturer
(or the nameplate value is unclear), the UUT shall not be tested.

e. AC reference source

The input voltage source shall be capable of delivering at least 10 times the nameplate input
power of the UUT (as is specified in IEEE 1515-2000). Regardless of the AC source type, the
THD of the supply voltage when supplying the UUT in the specified mode shall not exceed 2%,
up to and including the 13t harmonic (as specified in IEC 62301). The peak value of the test
voltage shall be within 1.34 and 1.49 times its rms value (as specified in IEC 62301).



f. Test leads

All leads used in the test set-up should be of large gauge and short length in order to avoid the
introduction of errors in the testing process. For further guidance, see Table B.2— “Commonly
Used Values for Wire Gages and Related Voltage Drops” in IEEE 1515-2000.



4.0 Measurement Approach

a. Preparing UUT for Test

Any built-in switch in the UUT controlling power flow to the AC input shall be in the “on”
position for this measurement, and the existence of such a switch shall be noted in the final test
report.

Power supplies that are packaged for consumer use to power a product must be tested with the
DC output cord supplied by the manufacturer. There are two options for connecting metering
equipment to the output of this type of power supply: cut the cord immediately adjacent to the
DC output connector, or attach leads and measure the efficiency from the output connector
itself. If the power supply is attached directly to the product that it is powering, cut the cord
immediately adjacent to the powered product and connect DC measurement probes at that
point.

It is also possible to utilize this procedure to test the efficiency of a bare circuit board power
supply prior to its incorporation into a finished housing and the attachment of its DC output
cord. For example, a power supply manufacturer or component manufacturer may wish to
assess the efficiency of a design that it intends to provide to an OEM for incorporation into a
finished external power supply. However, the efficiency of the bare circuit board power supply
may not be used to characterize the efficiency of the final product (once enclosed in a case and
titted with a DC output cord). Power supplies must be tested in their final, completed
configuration in order to represent their measured efficiency on product labels or specification
sheets.

b. Load Conditions

All single voltage external AC-DC power supplies have a nameplate output current, as shown
in Figure 1. This is the value used to determine the four active mode load conditions and the no
load condition required by this test procedure. The UUT shall be tested at the following load
conditions:

Table 1. Load Conditions for UUT

Percentage of Nameplate Output Current
Load Condition 1 100 % + 2%
Load Condition 2 75% + 2%
Load Condition 3 50% + 2%
Load Condition 4 25% + 2%
Load Condition 5 0%

Source: Ecos Consulting



The 2% allowance is of nameplate output current, not of the calculated current value. For
example, a UUT at Load Condition 3 may be tested in a range from 48% to 52% of rated output
current.

Additional load conditions may be selected at the technician’s discretion, as described in IEEE
1515-2000, but are not required by this test procedure.

Figure 1. Example of Power Supply Nameplate Output Voltage and Current
Source: Ecos Consulting

c. DC Load

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. While these loads may have different
characteristics than the electronic loads power supplies are intended to power, they provide
standardized and readily repeatable references for testing and product comparison.

Note that resistive loads need not be measured precisely with an ohmmeter. A variable resistor
is simply adjusted to the point where the ammeter confirms that the desired percentage of
nameplate output current is flowing. Figure 2 shows a simplified schematic of an external AC-
DC power supply test set-up using variable resistance as DC load. For electronic loads, the
desired output current should be adjusted in constant current (CC) mode rather than adjusting
the required output power in constant power (CP) mode.

10
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Figure 2. Generic Test Set-up Using a Variable Resistance Dc Load

Source: Ecos Consulting

d. Testing Sequence

As noted in IEC 62301, instantaneous measurements are appropriate when power readings are
stable in a particular load condition. The UUT shall be operated at 100% of nameplate current
output for at least 30 minutes immediately prior to conducting efficiency measurements.

After this warm-up period, the technician shall monitor AC input power for a period of 5
minutes to assess the stability of the UUT. If the power level does not drift by more than 5%
from the maximum value observed, the UUT can be considered stable and the measurements
can be recorded at the end of the 5 minute period. Subsequent load conditions (see below) can
then be measured under the same 5 minute stability guidelines. Note that only one warm-up
period of 30 minutes is required for each UUT at the beginning of the test procedure.

If AC input power is not stable over a 5 minute period, the technician shall follow the
guidelines established by IEC 62301 for measuring average power or accumulated energy over

time for both AC input and DC output.

Efficiency measurements shall be conducted in sequence from Load Condition 1 to Load
Condition 5 as indicated in Table 1 above. If testing of additional, optional load conditions is

11



desired, that testing should be conducted in accordance with this test procedure and
subsequent to completing the sequence described above.

e. Efficiency Calculation

Efficiency shall be calculated by dividing the UUT’s measured DC output power at a given load
condition by the true AC input power measured at that load condition. Average efficiency shall
also be calculated and reported as the arithmetic mean of the efficiency values calculated at Test
Conditions 1, 2, 3, and 4 in Table 1. This is a simple arithmetic average of active mode efficiency
values, and is not intended to represent weighted average efficiency, which would vary
according to the duty cycle of the product powered by the UUT.

12



5.0 Test Report

The following information shall be reported once for each UUT: a description of test conditions
that includes ambient temperature immediately surrounding the UUT; date and location of test;
UUT manufacturer, UUT model name, UUT model number, UUT DC cord length (+ 1 cm),
whether a built-in switch is present on the UUT, product powered by the UUT if known, name
of test lab, name of technician performing the test, and a description of test equipment used
with most recent calibration date.

The key data (measured and calculated) to report for each input voltage and frequency
combination at which was test conducted are found in Table 2 below.

Table 2. Required Reported Data (Measured and Calculated)

Reported Quantity Description
Dc Output Current (mA)
Dc Output Voltage (V) Measured at Load Points 1 — 4

Dc Output Power (W)

AC Input Power (W)

Total Harmonic Distortion (THD) Measured at Load Points 1 — 5

True Power Factor

Efficiency Calculated at Load Points 1 — 4

Average Efficiency Arithmetic Average of Efficiency at Load Points 1 — 4

Source: Ecos Consulting

The test data are most usable and readily compared to other results if also presented in
graphical form, as shown in the sample test report in Annex A. Note that the efficiency curve
shown in Annex A is similar in format to that shown in IEEE 1515-2000, 4.3.1.2, Figure 10.

The “Input vs. Output Power” chart in Annex A provides an additional, useful means of
conveying a power supply’s relative efficiency that includes AC input power and DC output
power at 100%, 75%, 50%, 25%, and 0% of nameplate current output on a single chart. The
shaded area between the input and output power curves will be quite small with highly
efficient power supplies. Note also that the output power curve will be very close to a straight
line in a regulated power supply, but may deviate from a straight line significantly in
unregulated units where voltage is not stable across a range of load conditions.
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