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1. Scope

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 laptop computers, cordless and cellular phones, portable stereos, etc.  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-to-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.

2. References

The following list includes documents used and/or referenced in the development of this proposed test specification.

I. IEEE Std 1515-2000, IEEE Recommended Practice for Electronic Power Subsystems: Parameter Definitions, Test Conditions, and Test Methods

II. IEEE Std 519-1992, IEEE Recommended Practices and Requirements for Harmonic Control in Electrical Power Systems 

III. IEC 62301 Ed 1: Measurement of Standby Power 

IV. IEC 60050 International Electrotechnical Vocabulary - Electrical and electronic measurements and measuring instruments

V. IEEE 100: The Authoritative Dictionary of IEEE Standards Terms

3. Definitions

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

a. Active Mode

In this document, the terms on mode and active mode are synonymous.  They both refer 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. On Mode

See Active Mode

c. Standby Mode

See IEC 62301 Ed. 1: Measurement of Standby Power

d. Off Mode

In this document, the terms off mode and no-load are synonymous.  They both refer to a condition in which the input of a power supply is connected to line voltage AC, but the output is not connected to any load or is connected to a DC load drawing no power.  As such, off mode efficiency is reported as the amount of AC wattage consumed, rather than as an efficiency percentage. 

e. No Load

See Off Mode

f. UUT

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

g. Active Power 

Active power is the mean value, taken over at least one period, of the instantaneous power (see IEC 60050).  Note: most measuring instruments average active power over a number of periods (AC cycles); readings from such instruments are equally valid for this measurement.

h. Instantaneous Power 

Instantaneous power is the product of the instantaneous values of voltage and current at the terminal pair of a load, as referenced in IEC 60050.

i. AC Signal

An AC signal is a time-varying signal whose polarity varies with a period T, and whose average value is zero.

j. Ambient Temperature

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

k. DC Signal

A DC signal is a signal whose polarity and amplitude do not vary with time.

l. Power Factor (Displacement)

The displacement power factor is equal to the cosine of the angle ( between the input current and the input voltage at the fundamental frequency. 

PFdp = Cos (
This definition of power factor does not include the effect of distortion in the input current (and/or voltage) waveform.

m. Power Factor (Distortion)

The distortion power factor is defined as:

PFdis = 
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where THDI = Total Harmonic Distortion (THD) of the current waveform.  This definition of power factor does not include the effect of displacement.

n. 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).


[image: image2.wmf]S

P

PF

=


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

o. Steady State

Steady state refers to the operating condition of a system wherein the observed variable has reached an equilibrium condition in response to an input or other stimulus.  This refers to a power supply reaching a state of nearly constant voltage and nearly constant current output after at least 30 seconds of operation at a given load.

p. 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. For example, THD of current can be defined as:
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where In = rms value of nth harmonic of the current signal.

q. Apparent Power (S)

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

4. General Conditions for Measurement 

a. General

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

b. Nameplate Input Voltage

The AC input voltage to be used for measurement of energy efficiency shall be appropriate for the country where the UUT is marketed.  See section 4e below for additional voltage guidelines.

c. Measuring Equipment

Measurements shall be made with a suitably calibrated voltmeter, ammeter and wattmeter (power analyzer). Measurements of active power of 0.5 Watt or greater shall be made with an uncertainty of ( 2% at the 95% confidence level. Measurements of active power of less than 0.5 Watt shall be made with an uncertainty of ( 0.01 Watt at the 95% confidence level. The power measurement instrument shall have a resolution of 0.01W or better for active power.  Measuring equipment from manufacturers such as Yokogawa, Chroma, Infratek, etc. may be especially precise for measuring very low power levels.  However, the ability to measure full and partial loads precisely is arguably even more important in this procedure, which supplements but is not intended to supplant IEC 62301’s provisions for standby power measurement.

d. Test Room

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.  Products intended for outdoor use may be tested at different temperatures, provided those are noted on the test report.

e. Test Voltage

Use of a reference AC source is recommended for two reasons.  First, voltage from an electrical outlet may vary by a few percent from measurement to measurement, affecting measured efficiency values.  Second, power supplies capable of operating across a range of voltage and frequency combinations (typically switching power supplies) shall be tested at both 115 volts/60 Hz and 230 volts/50 Hz to simulate conditions encountered in North America, Europe, China, Australia, New Zealand, and many other parts of the world.  A reference AC source is often essential to test at both voltage/frequency combinations in sequence in the same laboratory.  Linear power supplies and others designated by their manufacturer for operation only at a single voltage/frequency combination shall only be tested at those recommended levels. 

In either instance, the input voltage source shall be capable of delivering at least 10 times the nameplate input power of the UUT.  The test voltage shall be the nameplate voltage (2% and the test frequency shall be the nameplate frequency (1%.  If voltage and/or frequency ranges are not specified by the manufacturer (or the nameplate value is unclear), the UUT shall be supplied at the nominal voltage(s) and the nominal frequency(ies) of the country(ies) for which the measurement is being determined.

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 13th harmonic.  The peak value of the test voltage shall be within 1.34 and 1.49 times its RMS value.

f. DC Load

A set of variable resistive or electronic loads is required to test each power supply across a range of output power levels.  Tables 1 and 2 below describe a method of calculating the resistance values required at different output power levels for a given DC output voltage. Figure 1 shows a simplified schematic of an external AC/DC power supply test set-up using variable resistance as DC load. Output shall be measured at the end of any cable supplied with the UUT by the manufacturer.  Such a cord may not be cut shorter before measurement to improve efficiency results.

Figure 1: Generic Test Set-up Using a Variable Resistance DC Load
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5. Measurement Approach

All single voltage external AC/DC power supplies have a nameplate output current (Iro) and nameplate output voltage (Vro), as shown in Figure 2.  

These may be multiplied to yield a nameplate output power (Pro).  Because unregulated and regulated power supplies both exhibit some voltage deviation from nominal under load, actual output power is likely to differ slightly from nameplate output power at any given load.  For the purposes of this test procedure, X% of nameplate output = X% of nameplate current output, regardless of possible voltage fluctuations from nominal that might cause X% of nameplate output to differ from X% of nameplate power output.  

Figure 2 – Example of Power Supply Labeling for Nameplate Output Voltage and Current
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For example, in the case of the Sony power supply shown in Figure 2, 50% of nameplate output is 400 mA at actual output voltage (which may be higher or lower than 5.5 volts), rather than 50% of the nominal nameplate output power of 4.4 watts (800 mA * 5.5 volts).

The measured and calculated data needed for each power supply and the relationship between the two are summarized in Table 1 and Table 2:

Table 1 – Calculated DC Loads and AC Measurements

	Load %
	Calculated Load

(Ohms)                   (Watts)
	Input Voltage (AC volts)
	Input Power (True RMS AC watts)
	True Power Factor
	THD (%)

	0%
	Rc0 = (
	Pc0 = 0
	Vi0
	Pi0
	PF0
	THD0

	25%
	Rc25 = Vro / (.25 * Iro)
	Pc25 = .25 * Pro
	Vi25
	Pi25
	PF25
	THD25

	50%
	Rc50 = Vro / (.5 * Iro)
	Pc50 = .5 * Pro
	Vi50
	Pi50
	PF50
	THD50

	75%
	Rc75 = Vro/ (.75 * Iro)
	Pc75 = .75 * Pro
	Vi75
	Pi75
	PF75
	THD75

	100%
	Rc100 = Vro / Iro
	Pc100 = Pro
	Vi100
	Pi100
	PF100
	THD100


Table 2 – DC Measurements and Calculated Power and Efficiencies

	Load %
	Actual Load (ohms)
	Output Voltage (DC volts)
	Output Current (DC mA)
	Output Power (DC watts)
	Efficiency (no load watts or %)

	0%
	R0 = (
	Vo0
	Io0 = 0
	Po0 = 0
	E0 = Pi0

	25%
	R25 = Vo25 / Io25
	Vo25
	Io25
	Po25 = Vo25 * Io25
	E25 = Po25 / Pi25

	50%
	R50 = Vo50 / Io50
	Vo50
	Io50
	Po50 = Vo50 * Io50
	E50 = Po50 / Pi50

	75%
	R75 = Vo75 / Io75
	Vo75
	Io75
	Po75 = Vo75 * Io75
	E75 = Po75 / Pi75

	100%
	R100 = Vo100 / Io100
	Vo100
	Io100
	Po100 = Vo100 * Io100
	E100 = Po100 / Pi100

	Average

	
	
	
	
	Ea = (E25 + E50 + E75 + E100) / 4


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 nominal output current (( 1%) is flowing, regardless of the output voltage.  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.

The UUT shall be operated at full load for at least 30 minutes, or a period of time sufficient to achieve stable current flow (variations of less than 2% at constant load) immediately prior to conducting efficiency measurements.  These efficiency measurements shall then be conducted from full load to no load in sequence in order to minimize the effects of cold vs. warm operating condition on efficiency performance.  In each case, current flows shall be allowed to stabilize to a variation of less than 2% at a given load prior to measurement.
Efficiency at any percentage of load X (Ex) shall be calculated by dividing the UUT’s total DC output power (Pox) delivered to the load by the AC input power (Pix). Note in Table 2 that five separate efficiency measurements are required by the test procedure.  The first simply records the no-load AC power consumption of the UUT.  Any built-in switch controlling power flow to the AC input shall be in the “on” position for this measurement, though the existence of such a switch shall be noted in the final test report.  The next four measure the input AC power and output DC power at 25%, 50%, 75%, and 100% of nameplate output to calculate the percentage efficiency at each of those four points.  Additional data may be collected at the technician’s discretion at additional load levels, as described in IEEE 1515-2000, but are not required by this test procedure.

6. Test Report

The key data (measured and calculated) to report are found in Tables 1 and 2, along with a description of test conditions that includes ambient temperature; date and location of test; manufacturer, model name, model number and application of the power supply if known, name of test lab, and name of technician.

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 alternative means of conveying a power supply’s relative efficiency that includes no-load, 25%, 50%, 75%, and 100% of nameplate output on a single chart.  The shaded area 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 such as the example shown in Annex A. 

7.  Comments

This test procedure has been under comment by interested international stakeholders since July of 2003, and has undergone three sets of substantial revisions prior to the current draft.  It has been posted for public comment since August 2003 at www.efficientpowersupplies.org.   It has been presented to representatives of government agencies, test laboratories, and manufacturers in North America, Asia, and Europe, and was the focus of a technical workshop attended by 40 stakeholders in San Francisco on November 7, 2003.  More than 600 invitees were notified of its existence and invited to comment prior to that workshop.

The comment period for this test procedure will close on January 16, 2004.  No further comments will be considered after that time.  

Comments in the interim should be directed to:

Chris Calwell

Director of Policy and Research

Ecos Consulting

801 Florida Rd.

Durango, CO 81301

calwell@ecosconsulting.com
(970) 259-6801 (phone)

(970) 259-8585 (fax)

A final test procedure will be posted at www.efficientpowersupplies.org before the end of January 2004.  We anticipate that policymakers in North America, Asia, Europe and elsewhere will reference the final test procedure in likely policy measures to determine the energy efficiency of power supplies and recognize the most efficient models through labeling and/or standards.

The authors gratefully acknowledge the support of the California Energy Commission’s PIER program, the U.S. Environmental Protection Agency, the Natural Resources Defense Council (NRDC), the Energy Foundation, and Pacific Gas & Electric Company in the creation of this draft test procedure.

Annex A

(See attached PDF file.  Note that duplicate test reports should be employed for testing at both 115 volts/60 Hz and 230 volts/50 Hz if required)
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� If the following publications are superseded by an approved revision, the revision shall apply.


� Note that calculated loads will be approximately but not exactly correct, because measured output voltages will vary from nameplate output voltage across the range of loads, as detailed above.


� Note that average efficiency is not intended to represent average operational efficiency (since duty cycles are unknown), but rather the simple arithmetic average of efficiency at four different loads.
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