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 DISCLAIMER 
 This report was prepared as the result of work sponsored by the 

California Energy Commission. It does not necessarily represent 
the views of the Energy Commission, its employees or the State 
of California. The Energy Commission, the State of California, its 
employees, contractors and subcontractors make no warrant, 
express or implied, and assume no legal liability for the 
information in this report; nor does any party represent that the 
uses of this information will not infringe upon privately owned 
rights. This report has not been approved or disapproved by the 
California Energy Commission nor has the California Energy 
Commission passed upon the accuracy or adequacy of the 
information in this report.  

 



 

LEGAL NOTICE 
This report was prepared as a result of work sponsored by the California Energy Commission 
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PREFACE 
The 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, managed by the California Energy Commission (Commission), 
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 six RD&D program areas: 

• Buildings End-Use Energy Efficiency 
• Industrial/Agricultural/Water End-Use Energy Efficiency 
• Renewable Energy 
• Environmentally-Preferred Advanced Generation 
• Energy-Related Environmental Research 
• Strategic Energy Research. 

 

What follows is the final report for the project Standby Power Consumption Phase 2: 
Research Into Low Power Modes (contract  #500-99-013, Task Order 20-5, Amendment 
2), conducted by Lawrence Berkeley National Laboratory.  This project contributes to the 
PIER Buildings End-Use Energy Efficiency program. 

For more information on the PIER Program, please visit the Commission's Web site at: 
http://www.energy.ca.gov/pier/index.html or contact the Commission's Publications 
Unit at 916-654-5200. 
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ABSTRACT 
The amount of “standby power” used by products has been an increasing concern, and a 
workshop sponsored by the California Energy Commission (Commission) in August, 
2002 extended this scope of interest to all low-power modes.  The goal of this project was 
to advance the state of knowledge about low power mode electricity consumption to 
enable a subsequent survey to provide a reliable estimate of California statewide low 
power mode consumption to serve as a basis for policy and to guide further research 
efforts.  This report summarizes the steps taken towards this goal. The key results of the 
project are: 

1. Confirmed with industry stakeholders six elements the Commission research 
agenda should include. 

2. Developed two test procedures (individual products and whole house) to 
measure power of residential equipment operating in low power mode.  

3. Collected field power measurements for 280 products at eight houses and used 
the results to plan a state-wide survey. 

We also combined the power levels with usage patterns to estimate annual energy 
consumption, and combined this and other data to estimate annual consumption for the 
entire state. We then used assessments of uncertainty to identify key parameters for 
which we need more reliable estimates.  In summary, we found that statewide 
“standby” consumption averages 108 W per house, or roughly 1,000 kWh/year — about 
15% of household electricity use. 
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EXECUTIVE SUMMARY 
The amount of “standby power” used by products has been an increasing concern, and a 
workshop sponsored by the California Energy Commission (Commission) - in August, 
2002 extended this scope of interest to all low-power modes. The goal of this project was 
to develop a field test protocol to measure low power mode electricity consumption.  
This report summarizes the steps taken towards this goal — outreach to stakeholders, 
development of test procedures, measurements, and analysis. 

Objectives 

The key objectives of the project were to: 

1. Confirm the Commission research agenda with stakeholders. 

2. Develop test procedures to measure power levels of residential equipment operating 
in low power modes. 

3. Test the protocol by collecting field measurements  

4. Apply the results to guide planning for a state-wide survey. 

Outcomes 

The major accomplishments of the project were: 

Produced a refined low power mode research agenda that includes six elements: 

Understand how much energy is actually consumed in the low power modes. 

Develop energy test procedures for low power modes and protocols to measure 
their contribution to whole-building electricity use. 

Understand human behavior and preferences as they relate to low power modes. 

Investigate feasible technologies offering energy savings opportunities and their 
economic costs and savings. 

Engage in short-term research to address anticipated critical problems related to 
low power modes. 

Engage in long-term research to increase the efficiency of low power modes. 

Developed two test procedures for low power modes: individual products and whole 
houses. 

Applied the two procedures at eight homes, measuring 280 products and producing 
averages for 108 product types. 

Identified key parameters (stocks, power levels, and usage patterns) for which we need 
more reliable estimates. 

These results set a solid foundation for the next phase of research to collect power, stock, 
and usage data from non-survey sources, then conduct phone and on-site surveys to 
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collect information they can best provide.  It also confirms or indicates the importance of 
some research topics for which work can begin in advance of the statewide survey 
results.  

Conclusions 

Based on limited survey data residential LPM consumption is estimated to be about 108 
W per house average.  This totals nearly 1,000 kWh/year, or over 15 % of statewide 
residential electricity consumption.  Over two-thirds of low power mode consumption is 
from electronic devices (audiovisual, information technology, and telephony).   

However, because of the limited data a larger survey is needed to more accurately 
characterize statewide losses and confirm opportunities to reduce these losses.  From the 
test procedures developed in this research a more in-depth investigation of statewide 
losses is now possible.  

Benefits to California 

California is at the forefront of research on low power modes in the U.S. certainly, and 
one of the leading regions globally.  With low power mode consumption rising, and 
poised to increase significantly in the coming years, this is an important area to make 
and keep a priority.  Our future estimate increases low power mode consumption by 13 
%. 

Recommendations 

Recommended actions for the Commission to take in the future include: 

Building on this work to conduct a state-wide survey of home to better characterize low 
power mode usage and energy saving opportunities.  

Research opportunities to reduce low power mode loads in high priority topics that 
merit immediate attention, including: 

Set-top boxes and other networked devices. 

Hard-wired products. 

� Other electronic products 

� Other products that the upcoming state-wide survey shows to have large or 
increasing aggregate consumption. 
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1.0 Introduction 

1.1. Background and Overview 
The amount of “standby power” used by products has been an increasing concern, and a 
workshop sponsored by the California Energy Commission (Commission) in August, 
2002 extended this scope of interest to all low-power modes.  The goal of this project was 
to advance the state of knowledge about low power mode electricity consumption as the 
foundation for a subsequent survey to provide a reliable estimate of California statewide 
low power mode consumption which will  serve as a basis for assisting policymakers 
and as a  guide further research efforts.  This report summarizes the steps taken towards 
this goal — outreach to stakeholders, development of test procedures, measurements, 
and analysis. 

1.2. Project Objectives  
The stated objectives at the outset of the project were to: 

1. Confirm the Commission research agenda with stakeholders. 

2. Develop test procedures to measure power of residential equipment operating in 
low power mode.  

3. Collect field measurements and use the results to guide survey planning. 

Each of these objectives was successfully completed.  A more comprehensive discussion 
of objectives and accomplishments is contained in the Project Outcomes section below. 

The project was designed to support the PIER program objective of improving the 
energy cost/value of California’s electricity.  This goal was to be accomplished by a 
mixture of consulting with those highly interested in the topic, reviewing literature, 
conducting lab and field measurements, and analyzing and summarizing the results. 

1.3. Report Organization 
This report is organized as follows: 

Section 1.0  Introduction 

Section 2.0  Project Approach 

Section 3.0  Project Outcomes 

Section 4.0  Conclusions and Recommendations 

The remainder of this report describes the highlights of the project approach and results. 
Attachment 1 is packaged separately from the report to ease its use. The appendices are 
included with this report: 

1. Appendix I summarizes the results of confirming the Commission’s research 
agenda on low power modes.   

2. Appendix II is a survey of existing test procedures relevant to low power mode 
research.   
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3. Appendix III presents results of measurements at individual houses in the form 
of power levels for each mode.   

4. Appendix IV combines this with reported usage patterns to arrive at annual 
average consumptions by products in their low power modes.   

5. Appendix V presents an initial estimate for statewide low power mode 
consumption, and identifies the parameters most critical for refining this 
estimate. 

Attachment I includes the test procedure for individual products, and the procedure for 
an entire house.   

 

2.0  Project Approach 
The first task of the project was to confirm with low power mode stakeholders the 
content of the Commission’s research agenda that resulted from the August, 2002 
workshop.  LBNL circulated the research recommendations to over 200 interested 
parties, and 40 stakeholders provided their opinions about the priority that the 
Commission should give to the six recommendations. 

Next we surveyed the literature for products reported to have low power modes and for 
test procedures that were relevant to the topic.  We gathered, evaluated and compared 
existing methods, to find aspects that are common and that were worth considering or 
using directly in the protocols that we developed.  These set the stage for developing a 
test procedure specifically designed for low power modes.  A second test procedure was 
created for whole houses. 

To test the test procedure, we measured products in actual houses, for subsequent 
analysis.  Finally, we combined the results of these measurements with other data and 
assessments of uncertainty to identify the most critical parameters necessary to obtain 
better estimates of statewide low power mode consumption. 

 

3.0 Project Outcomes 
The major outcomes of the low power mode research project are described below, 
organized according to the project objectives to which they pertain. Detailed results are 
found in the appendices; this report focuses on the process and summary results. 

3.1. Confirm the Commission’s Research Agenda With Stakeholders 
The purpose of the first phase of the project was to confirm that the Commission was 
pursuing the appropriate research topics in the realm of low power modes.  This 
allowed those people who participated in the August, 2002 workshop eight months 
previous to further reflect on the topic and to evaluate how LBNL summarized the 
proceedings, and provided opportunity for input by many people who were not able to 
attend the workshop. 
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LBNL circulated research recommendations that arose from the August 2002 Standby 
Power Workshop to over 200 interested parties.  Forty stakeholders provided their 
opinions about the priority that the Commission should give to the following six 
recommendations that resulted from the workshop: 

A. Understand how much energy is actually consumed in the low power modes. 

B. Develop energy test procedures for low power modes and protocols to measure 
their contribution to whole-building electricity use. 

C. Understand human behavior and preferences as they relate to low power modes. 

D. Investigate feasible technologies offering energy savings opportunities and their 
economic costs and savings. 

E. Engage in short-term research to address anticipated critical problems related to 
low power modes. 

F. Engage in long-term research to increase the efficiency of low power modes. 

Understanding how much energy is consumed by low power mode devices was the 
clear priority for respondents.  Engaging in long-term research to increase the efficiency 
of low power modes was seen as the lowest priority.  Some of the respondents 
suggested research topics the Commission should consider in addition to the six from 
the workshop.  Two that were mentioned by several respondents were (1) the need for a 
better understanding of market forces affecting the adoption of current technologies to 
reduce low power mode energy consumption, and (2) the need for Commission 
coordination with national and international low power mode research, test procedures, 
and regulatory activities. 

Respondents also mentioned specific technologies that they felt deserved priority 
attention.  Among these were power supplies and communications technologies like 
cable or satellite set-top boxes, personal video recorders, and home network equipment.  
Understanding the interaction of the end user and the device with regard to usage 
patterns and enabling behavior was also mentioned. 

From all of the detailed comments from stakeholders, we revised the report from the 
August, 2002 workshop.  The revised report including summaries of the detailed 
comments is in Appendix I. 

3.2. Develop Test Procedures for Low Power Modes 
We reviewed existing test procedures and measurement protocols for standby power, 
other low-power modes, and usage patterns.  The information gleaned from these 
procedures helped shape the individual product and whole-house measurement 
procedures that we developed and that are shown in Attachments I and II.  Further 
details on the existing procedures and how they apply to this project can be found in 
Appendix II.  Table 1 shows the types of issues that are addressed by existing 
procedures that were potentially relevant to our new procedures. 

The procedure we developed for individual products has three parts:  
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1. A “general framework” that lays out general terms, requirements, and principles;  

2. A set of “empirical data” that will be fleshed out over time to indicate what 
modes or special conditions different types of products have;  

3. A discussion of the rationales for the choices made in crafting the procedure. 

The procedure was designed with its primary goal to measure products as actually used, 
though it can be adapted and used for new products or laboratory measurements.  As 
much as possible, the protocol is consistent with IEC 62301, on “Measurement of 
Standby Power.”  The primary results of the procedure are average power levels by each 
mode, characteristics of the product, its use context, and reported usage patterns. 

Table 1 Topics Addressed by Test and Measurement Procedures 

Topic Comments 

Purpose / Scope Reason for creating the procedure 

Basic Power Characteristics Voltage, frequency 

Power Quality Total harmonic distortion, current, crest factor 

Other Conditions Air speed, temperature, humidity 

Accuracy Accuracy and resolution of metering equipment 

Configuration Settings, attached hardware, information environment 

Usage Patterns Percent of time in each operating mode 

Mode Definitions What to name modes, what characteristics they have 

Mode Derivation How to determine what modes a product has 

Controls Controls (e.g. switches, automatic) within the device or attached to 
it 

Procedure Steps / Timing Over what time interval  to integrate power use 

Sampling How many units to measure 

Reporting What to record / report 

Whole-house 
Measurements 

Entire house and all devices within it 

 

3.3. Collect Field Measurements and Use the Results to Guide Survey Planning 
We measured 269 products with low power modes in eight houses which we placed into 
108 product types, and grouped the types into ten categories (the 269 does not include 
products measured but subsequently found not to have any low power modes).  

We established a criterion of metering five examples of a product type after which it 
would be considered “known” and able to be measured with a streamlined test 
procedure.  We reached the criterion of five examples for 16 product types:  audio mini-
system, audio receiver, CD player, cassette deck, cellular telephone charger, computer, 
computer speakers, DVD player, night light, microwave oven, power strip (surge), clock 
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radio, cordless telephone, television, timer, and VCR.  We decided that it was 
appropriate to relax the criterion to three for products with known and simple modes 
which adds 12 additional types: answering machine, aquarium pump (water), battery 
charger, power tool charger, toothbrush charger, CRT computer display, carbon 
monoxide detector, garage door opener, hair dryer, DSL modem, inkjet printer, and 
irrigation timer. 

Therefore, 28 of the 108 product types are “known” when assuming that measurements 
from three products gives confidence to use this data for future analysis. 

3.4. Selected Quantitative Results 
The full set of results is lengthy, so we only present here aggregate results and a few 
results for individual products.  The 56 external power supplies that we measured 
ranged from 0.10 W to nearly 5 W unloaded (disconnected from the product), averaging 
1.10 W.  We found more lights with low power mode consumption than expected; as 
lighting becomes increasingly electronic, we should expect to see an increasing portion 
of lights with low power mode consumption.1  The two GFCI outlets we measured 
averaged 0.73 W in their normal position, and when tripped, neither changed 
consumption.  By contrast, the three hair dryers averaged only 0.10 W, and one cut all of 
its own consumption when tripped. 

3.5. Average Low Power Mode Consumption 
The low power mode data collected at our eight houses resulted in average power levels 
for each low power mode for each product, as well as user-reported usage data for each 
product.  The usage data (including disconnected time) were converted into a “percent 
of year” value for each mode.  The total of all active mode time is the residual from 
summing the low power mode times and the disconnect time. 

 

Table 2, Table 3, and Table 4 show brief excerpts of the measured data that we gathered 
for all products — the complete data for one of the 108 product types.  Table 2 lists each 
individual product; Table 3 has the average for each mode across all examples of the 
product type; and Table 4 incorporates usage pattern data to arrive at the usage-
weighted annual average low power level.  Active modes (“Play” in this case) are 
marked with an asterisk and not included in the average power level reported in Table 
4.  For some products, the mix of modes present and readily measurable varies among 
units measured resulting in a different “n” for different low power modes.  Active mode 
energy use could be calculated from these figures, but we only use the active power 
levels to compare to the low power levels for indications, not for robust estimates of 
active mode energy consumption for these products generally.  The complete data tables 
can be found in Appendices III and IV. 

                                                      

1 Lighting can have low power mode consumption due to “soft” controls (powered circuits that switch a 
relay that controls the power to the lamp), dimmers with non-zero “off” positions, transformers for halogen 
lights downstream of the switch, or electronic controls such as timers or more complex controls. 
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Table 2 Measured Power for Individual Products  [Example: DVD Players] 

Product Type Mode 1 Watts Mode 2 Watts Mode 3 Watts 

DVD Player Off 6.50 Ready 27.74 *Play 32.47 

DVD Player Off 0.00 Ready 9.91 *Play 13.55 

DVD Player Off 0.73 Ready 7.33 *Play 10.08 

DVD Player Off 0.40 Ready 12.71   

DVD Player Off 0.39 Ready 6.05 *Play 7.71 

DVD Player Off 1.43 Ready 6.87   

 

Table 3 Average Low Power Mode Power Levels (W) by Product Type  and Count (n) 

Product Type Mode W n Mode W n Mode W n 

DVD Player Off 1.57 6 Ready 11.77 6 *Play 15.95 4 
 

Table 4 Usage-Weighted Average Power Levels by Product Type  [Example: DVD Player] 

Product Type Average (W) As-used low power mode power for each product (W) 

Audiovisual   

DVD Player 1.32 0.01, 0.01, 0.4, 0.43, 0.73, 6.37 

 

Multiplying the usage percent and power level for each mode and then summing over 
all low power modes for a product results in a usage-weighted annual average power 
level consumed by the device in low power modes. This can be considered to be a 
constant power consumption, or multiplied by any convenient time period (e.g. a year) 
to get energy consumption.  For example, 1 W is 8.76 kWh/year.  Note that while this is 
an average over all hours of the year (including that time when the product is in an 
active mode), it does not reflect any of the active mode energy.  All further power levels 
reported here are an average over all low power modes and not the measured power 
levels for a single mode.   

From Table 4, at least one of the DVD players was on a power strip or otherwise 
disconnected for most of the off time, as its usage-weighted average is much smaller 
than the off power level (the only other possibility is that it is active the vast majority of 
the time which is unlikely).  The 1.32 W for average as-used low-power power is 11.6 
kWh/year. 

We calculated the as-used low power mode power levels for each product, as well as the 
average for each product type.  For product types with many examples measured, there 
is often a wide range in the average power.  This can be due to wide variations in power 
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levels of the products, the usage patterns, or both.  Products with zero as-used power 
levels are rarely or never in low power modes because they are always in an active 
mode, mostly disconnected, or mostly in a zero off mode.  Forty products in 33 product 
types had zero power in the as-used low-power state.   

Table 5 presents the usage-weighted average power for each category, by site.  Only 
products that we measured are included in the category totals.  The data show that 
electronic products are the most common types with low power mode consumption, 
with audiovisual, information technology, and telephony the only categories that appear 
at all eight sites.  

We did a limited amount of “imputing” unmeasured products from the power levels 
observed at other houses or from the literature.  This amounted to about 10% of the total 
low power mode consumption we report.  Most of the imputed power is due to (often 
hardwired) infrastructure products (GFCI outlets and breakers, furnaces, and a security 
system), and the average for infrastructure is over 12 W when these are included.  
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Table 5  Usage-weighted Average Power by Category and House (W) 

House 

Category 

11 12 13 14 15 16 17 18 Average Standard 

Deviation 

Audiovisual 15.8   21.5 28.8   55.3   24.8 33.2 25.2 34.3 29.9 11.9 

Food / 
Beverage 

  6.0     3.6   1.4     6.1     2.3   0.8 —   1.9   2.8   2.2 

HVAC   7.8 —   0.0   12.3 —   4.6 — —   3.1   5.2 

Health / 
Hygiene 

  2.2 —   1.2     1.9     0.1   2.9   2.1 —   1.3   1.0 

Infrastructure   1.4     9.9   0.8   22.9   19.1   4.3   0.8   2.5   7.7   8.8 

Information  
   Technology 

  8.0   41.9 14.0   17.8   12.9   8.0 16.1 24.9 17.9 11.1 

Lighting —     1.3   0.7     2.3   12.0   2.3   0.6   0.2   2.4   4.1 

Garden, 
Workshop 

  2.5 — —     3.7     9.6 — —   2.0   2.2   3.5 

Other   0.0   10.7 —   14.2 —   0.7 — —   3.2   7.1 

Telephony   7.5     7.2   5.5   11.6     6.6   3.9   4.4   6.2   6.6   2.4 

TOTAL — 
Measured 

51.1   96.2 52.4 148.1   87.3 60.7 49.2 71.9 77.1 33.5 

Imputed 
Products 

  1.4     4.9   9.5   25.4   23.6   9.1   0.7   8.1 10.3   9.4 

TOTAL — 
Measured 
and Imputed 

52.5 101.1 61.9 173.5 110.8 70.0 49.9 80.0 87.4 41.0 

Note: The power levels shown are the usage-weighted annual average power. 

 

3.6. Analysis by Mode Type 
Most products had only one low power mode with reported usage.  In total, 299 low 
power modes were reported to be used for the 280 products measured.  The distribution 
of power among modes and types of devices is easiest to assess when all eight houses 
are grouped together for a “composite” house.  Table 6 summarizes the average power 
level by category and mode type for the composite house.  Most audiovisual low power 
mode use is in off modes, but for information technology and telephony, most use is 
ready modes. 
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Energy use for external power supplies only (plugged into 120V power but disconnected 
from their device) are included in “off” in Table 6 but are only 0.08 W for audiovisual 
and 0.06 W for telephony, thus totaling less than 1% of the total off power.  For ready 
modes, those with no function being performed were over 90% of the total.  For 
products with integral batteries, those modes that have some charging (usually a 
maintenance charge) are mostly found in ready modes.  These totaled about 6.5 W, 
mostly cordless phones. 

“Partial low power product types” have some examples with low power modes, and 
some without.  For these, we only measured examples with them, but it is necessary to 
assess what fraction of the entire stock has low power modes to properly estimate 
statewide consumption.  We found few products with a zero power off mode that also 
had other low power modes.  The great majority either had a non-zero off, or no off 
mode at all.  Some product types had off as the only low power mode. 

Table 6 Composite Average Power by Product Type Category and Mode Type (W) 

Mode 

Category 

Off Read
y 

Ready 
some 
function 

Singl
e 
mode 

Power 
products 

Sleep Single 
mode, 
active 

Total 

Audiovisual 23.5   3.6 2.7 — — — — 29.8 

Food / Beverage   1.0   1.8 0.0 — — — —   2.8 

HVAC —    2.5 — 0.6 — — —   3.1 

Health / Hygiene   0.6   0.8 — 0.2 — — —   1.6 

Infrastructure   0.4   3.2 0.1 3.3 0.8 — —   7.7 

Information 
Technology 

  4.6 11.7 — — — 1.6 — 17.9 

Lighting   0.2   0.7 0.3 1.1 — — —   2.1 

Garden, 
Workshop 

  0.1   2.1 — — — — —   2.2 

Other — — — 0.1 — — 3.1   3.2 

Telephony   0.1   6.5 — — — — —   6.6 

TOTAL 30.4 32.8 3.1 5.3 0.8 1.6 3.1 77.1 

Note: The power levels shown are the as-used annual average power.  “Ready some 
function” means that some function is being performed, such as night lights or the clock 
part of a clock radio .  “Single mode, active” includes aquarium pumps and an indoor 
fountain. 
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We found many different modes, which we grouped into the following types: “external 
power supply only,” “off,” “ready,” and “sleep.”  We also measured some active modes 
that we categorized as “on” or “play.”  Some products have only one power mode such 
as a GFCI outlet or timer.  While different from more conventional low-power modes 
such as consumer electronics “off” modes, it makes sense to include these in the rubric 
of low power modes and they are included in this project’s testing and procedures.  

3.7. Whole house reconciliation 
The whole house measurement procedure involves putting all low-power mode devices 
into a known low-power mode, turning all other products off, then observing the utility 
meter for eight minutes and recording the number of revolutions of the disk (including 
fractional revolutions).  The utility meter reading is then converted to power and 
compared to the sum of all of the low power mode products.   

The attempt to reconcile measurements of individual products with the power shown by 
the utility meter was not successful.  While we would have expected to find modestly 
more power on the utility meter at all houses, in three cases the sum of products was 
greater than the utility meter showed, by 20-29% (this including some imputed 
products; even without those the discrepancies were from 11-21% in the “wrong” 
direction).  The utility meter reading at one house was just 5 W (6%) above the sum of 
the products, which is about what we expected.  At another house it was 78% over the 
sum of products, which seems likely to indicate a large missed product.  At the 
remaining three, the discrepancy was in the “right” direction, but varied from 18-35%, 
larger than seems accountable by small, unmeasured loads. 

The original purpose of the whole house procedure was to quickly assess the standby 
consumption for an entire house, and to serve as a check that all products had been 
found and measured.  For the first purpose, the existence of several low power modes 
for many products and the incorporation of usage patterns make a single measurement 
of limited use, and lacking any explanatory power.  For the second purpose, the utility 
meter reading appears to be too coarse.  Any further work on this should probably 
include more direct measurements of the current and power flowing through the main 
electrical panel rather than relying solely on the utility meter itself. 

Another aspect of whole house reconciliation is to compare the total household low 
power mode energy usage estimate with the metered whole house energy use. Table 7 
shows this comparison for the eight test houses. 
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Table 7 House Meter Data and Comparison to Derived Data 

Site House 
Meter 

Sum of 
Products 

Difference Imputed 
Products 

Adjusted 
Sum 

Adjusted 
Difference 

 (W) (W) (W) % W W W % 

11 50.8 59.6 -8.8 -17% 1.4 61.0 -10.2 -20% 
12 299.4 362.8 -63.4 -21% 4.9 367.7 -68.3 -23% 
13 78.0 46.1 31.9 41% 9.5 55.6 22.4 29% 
14 143.6 159.4 -15.8 -11% 21.2 180.6 -37.0 -26% 
15 121.0 91.0 30.0 25% 23.7 114.7 6.3 5% 
16 76.7 56.9 19.8 26% 5.9 62.8 13.9 18% 
17 305.9 65.1 240.8 79% 0.7 65.8 240.1 78% 
18 133.9 78.7 55.2 41% 8.1 86.8 47.1 35% 
Note:  A negative number in the Difference columns means that the sum of measured products exceeds the 
power level observed from the whole house meter.  A positive number means that the meter reading 
exceeds the sum of the products.  A positive number can be offset by unmeasured products that were 
consuming power during the whole house reading.   

3.8. Statewide Results 
For each product type we measured, and a few others, we estimated the current 
statewide stock of the product, the average power levels in low-power modes, and the 
typical usage pattern.  From this we calculated “usage- and stock- weighted annual 
average power level consumed in low power modes,” which we henceforth refer to as 
the “aggregate average power level” or “aggregate power.”  This combines all of these 
factors to show the amount of continuous energy usage per household for each product 
type to match the statewide total.  The sum of this figure for all product types is 108 W.  
This is similar to average power levels reported for standby power except that it 
includes more modes and accounts for usage patterns.  Product types that are mostly 
hardwired constitute about 14 W.  Table 8 shows these results for our ten categories of 
product types. 

From Table 8 we can see that three categories are mostly or entirely electronic — 
audiovisual, information technology, and telephony — comprising about 70% of the 
total.  Other categories such as infrastructure also have many electronic products, and 
the low-power consumption of non-electronic products such as major appliances are 
often mostly electronics loads.  We also assessed the uncertainty of each parameter for 
each product type to determine which parameters could affect the statewide total the 
most.  Finally, for a number of product types we estimated a near-term future change.  
Complete details are shown in Appendix V. 

 13



Table 8 Aggregate Average Power Totaled by Category 

Category Power (W) % of Total 

Audiovisual   46 43% 

Information Technology   21 19% 

Infrastructure   11       9.9% 

Telephony         8.4       7.8% 

HVAC         6.6       6.1% 

Food and Beverage         4.4       4.1% 

Other         4.2       3.9% 

Lighting         3.5       3.3% 

Health and Hygiene         1.9       1.7% 

Garden and Workshop         1.8       1.6% 

Total 108 100% 
 

3.9. Statewide Survey 
The next phase of the low power mode research project is to conduct a statewide survey 
to provide a more robust estimate that can serve as a benchmark and planning basis for 
future Commission activities in this area.  The first step is to develop a clear taxonomy of 
products and modes so that boundaries between and groupings of product types are 
crafted to balance the amount of detail the analysis reflects with the actual needs of 
energy analysis and the realities of data availability.  The second step is to gather data 
from “non-survey” sources to collect those data items that are more readily available or 
accurate from non-survey sources than they would be from collection within a survey.  
Because the statewide estimate is based on many hundreds of data points, most of these 
will be from non-survey sources.  This would result in a revised statewide estimate.  The 
third step would be to collect the survey data itself, using phone and on-site data 
collection.  The fourth step would integrate the results of the survey data collection with 
all of the other data to produce the final statewide low power mode estimate.  Appendix 
V identifies the parameters that have the most effect on the statewide result (given the 
size of each product’s consumption and the uncertainty of the parameter) and makes an 
initial assignment of these to the phone survey, the on-site survey, and other sources. 
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3.10. Hardwired Products 
Our statewide estimate for hardwired products is 14 W per aggregate household, or 13% 
of the 108 W average.  Since we generally did not measure hardwired products in our 
site visits for this project, we do not have an equivalent measure for them.  The 
importance of hardwired products is magnified by several factors: they are often very 
long-lived in houses so that decisions made in the next few years will determine energy 
consumption for these for many decades in some cases.  There are a variety of 
hardwired products that are increasing in number, from parts of some security systems 
to central vacuums to powered smoke detectors to more energy intensive circuit 
breakers (e.g. arc-fault interrupters).  Some of these products are required by building 
codes but none have any energy labeling that can help consumers identify more efficient 
products. 
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4.0 Conclusions and Recommendations 
The major conclusions and recommendations of the Power Management Controls 
project are presented below. 

4.1. Major Conclusions 
This project made significant progress towards establishing a standard method for 
measuring and reporting low power mode power levels and creating a credible 
statewide estimate of low power mode consumption. 

We confirmed and updated the research agenda on low power modes for the 
Commission as first established by the August, 2002 workshop.  We developed test 
procedures for low power modes of individual products and whole house 
measurements.  We measured individual products in eight houses and did whole house 
measurements for those same eight houses.  The most important result of this process is 
a table of average power levels for dozens of product types in a variety of operating 
modes. Finally, we made an estimate for the statewide residential low power mode total 
consumption and identified those parameters most critical to obtain better data to refine 
this estimate. 

Our test procedure fills a needed gap.  The data collection process clarified what is 
important to collect and what can be ignored.  The data collection results show 
significant low power mode energy use, consistent with previous studies of standby 
power.  Over two-thirds of low power mode consumption is from electronic devices 
(audiovisual, information technology, and telephony).  The data needed in the next 
phase of the survey process is a mixure of those best gathered from surveys and from 
other sources (e.g. manufacturers, trade associations, and other research).   

 

4.2. Commercialization Potential 
The test methods developed in this project are not viable for commercialization, but they 
can be applied by anybody interested in expanding our database of information. For this 
reason the test methods are packaged to be distributed independently of the report. The 
test methods could be adopted by an organization such as the International Energy 
Code, but that is a lengthy process outside the scope of this project. . 

4.3. Benefits To California 
Applying the project results will help researchers and California policy makers pursue 
projects and strategies to reduce low power mode energy use.  If 25% of present low 
power mode energy consumption could be avoided, the savings would be 
approximately 2.7 TWh/year and an average of 310 MW (assuming 11.5 million 
households).  The percent of low power mode consumption that is readily saveable and 
what specifically California should do to accomplish these savings are topics for future 
research, but these figures provide a context to decide how much the topic area should 
be of interest to the Commission.  In addition, there is the potential for significant 
increases in consumption by some low-power mode devices, particularly networked 
electronics, and so even more potential future savings. 
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4.4. Recommendations 
Recommendations for future action are organized below.  

� Recommended LBNL Actions: 

o Pursue other sources of funding to supplement Commission/PIER 
resources in assessing low power mode energy use and efficiency 
options. 

� Recommended Commission Actions 

o Build on this work to conduct a state-wide survey of home to better 
characterize low power mode usage and energy saving opportunities. 
Fund the next phase of work on the survey. 

o Fund research opportunities to reduce low power mode loads in high 
priority topics that merit immediate attention, including: 

o Hard-wired products. 

o Set-top boxes and other networked devices. 

o Other electronic products 

o Other products that the survey shows to have large aggregate 
consumption or are increasing. 
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GLOSSARY 

CEC California Energy Commission — A state of California agency.  

Low Power Mode 

A product in a low-power mode is not performing any of its 
principal functions.  Some products have more than one principal 
function.  When feasible, low-power modes shall be categorized 
into sleep and off modes.  (from Test Procedure, Attachment 1) 

Product A piece of equipment that can be powered directly from mains 
power. (from Test Procedure, Attachment 1) 

Product Type 
A product type is a general category of product within which 
there is a sufficient amount of common functionality, modes, and 
behavior. (from Test Procedure, Attachment 1) 

Standby 

The minimum power mode of a product, or more formally, “the 
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.” (IEC 
62301) 
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Appendix I — Research Recommendations To Achieve Energy 
Savings For Electronic Equipment Operating In Low Power 

Modes 
 

1.0 Executive Summary 
An increasing amount of electricity is used by equipment neither fully “on” nor fully 
“off;” we call these low power modes.  “Standby” and “sleep” are the most familiar low 
power modes, but some new products already have many low power modes.  Low 
power modes are now becoming common in household appliances, safety equipment, 
and miscellaneous products. 

Low power mode energy use is responsible for about 10% of total electricity use in 
California homes — roughly 70 W per home, or 900 MW of connected load.  It is likely to 
continue growing rapidly as products with high low power mode energy use penetrate 
the market.  For example, the TV digital converter (set-top) box — which can draw as 
much as 20 W when not in use — is likely to appear in every California home in the next 
five years.  New homes are required to install hard-wired smoke detectors and safety 
outlets, both of which draw small amounts of power all the time.  Other sectors such as 
commercial buildings and industry also have low power mode energy use, perhaps 
totaling more in aggregate than that of households, but no comprehensive 
measurements have been made. 

A workshop was held August 26, 2002 to discuss the current state of knowledge related 
to low power mode energy use and to suggest research areas for California and other 
research sponsors to pursue in reducing low power mode energy use.  Six research areas 
were identified: 

A. Understand how much energy is actually consumed in the low power modes. 

B. Develop energy test procedures for low power modes and protocols to measure 
their contribution to whole-building electricity use. 

C. Understand human behavior and preferences as they relate to low power modes. 

D. Investigate feasible technologies offering energy savings opportunities and their 
economic costs and savings. 

E. Engage in short-term research to address anticipated critical problems related to 
low power modes. 

F. Engage in long-term research to increase the efficiency of low power modes. 

After the workshop, the six research areas identified were circulated to over 200 
interested parties.  40 stakeholders provided their opinions on the priority that the CEC 
should give to these topics.  The resulting priorities generally followed the order in 
which the topics are listed above, although they were aggregated  into three priority 
groups: understanding how much energy is consumed in low power modes was a 
strong first priority; the next four topics were essentially equivalent in perceived 



importance; and long-term research was distinctly lower in priority than the other five 
areas. 

Overall, there is consensus that low power mode energy consumption is an important 
area for CEC-funded research.  Low power mode energy use is not well-understood in 
California, but the available data suggests that it could be a significant component of 
California’s total energy consumption in the future.  Many see this as a critical time for 
addressing low power mode issues.  As equipment designs move from the binary 
“on/off” paradigm to one that encompasses multiple power modes, there is a unique 
opportunity to address the issue of low power mode energy consumption while 
technology development paths are still flexible. 

 

2.0 Introduction 
An increasing amount of electricity is used by equipment neither fully “on” nor fully 
“off.” This category of electricity use will soon have a large impact on energy demand.  
Millions of devices already have this characteristic, and billions more will have it in the 
future.  The California Energy Commission’s Public Interest Energy Research (PIER) 
Program established a project to develop an agenda for an R&D initiative on reducing 
this emerging use of electricity.  The results of that effort are summarized in this report. 

The original focus of this project was “standby power”; however, it soon became clear 
that a broader perspective was needed, both for research and policy.  As a result, this 
project addresses all “low power modes.” 

2.1 Terminology — Low Power Modes 
In the electromechanical era, appliances had two operating modes: “on” (or “active”) 
and “off” — with “off” meaning zero power consumption.  With the advent of 
electronics, devices could be “off” and yet still draw power.  These third set of modes 
are often called “standby,” but have many other names depending on the device (or 
even the manufacturer of the device.)  An increasing number of devices have multiple 
modes — such as “sleep” and “deep sleep” — between standby and active.  Future 
devices are likely to have many different operational modes between “unplugged” and 
“active,” each with a different level of electricity use and functionality.  Figure 1 below 
depicts operational modes and power levels. 

It is important to distinguish between operational modes — such as on, sleep, and off — 
and power levels, such as the definitions of standby recently adopted by the Department 
of Energy (DOE) and the International Electrotechnical Commission (IEC).1 The DOE 
and IEC definitions of standby refer simply to the device’s lowest power level while 
connected to the mains, irrespective of functionality. 

                                                 
1 A product may consume its standby power level in any of the three basic operating modes: on, sleep, or 
off. For example, a telephone answering machine is fully on at its standby level; some printers lack a power 
button so are asleep in their minimum power mode; and many devices consume standby power when off. 
Thus, "standby" is a power level, not a operational mode. While it is sometimes more convenient to talk 
about a product's "standby mode", that really refers to the mode at which the device consumes its standby 
level, since there is no mode consistent across all devices that is the standby mode. 



This project focuses on all of the modes between unplugged and active, which we call 
the “low power modes.” One possible term to use as a short-hand is “lopomos” (for 
LOw POwer MOdes).  We used this term often in the course of assessing stakeholder 
opinions. 

 

Figure 1.  A graphical depiction of device power modes.  Most products still have only one 
or two low power modes: a “sleep” mode and an “off” mode. 
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2.2 Project Summary 
This project began with a literature review.  We collected and analyzed measurements of 
low power mode energy consumption, programs and policies addressing low power 
mode energy use, and research and development activities regarding low power mode 
devices.  We then convened a workshop on August 26, 2002 in Berkeley, California to 
discuss the results of the literature review and make recommendations for research.  
Finally, we conducted a survey of interested parties to verify their support for research 
in this area and to record their opinions of the research priorities the CEC should 
pursue.  This Report summarizes the results of those activities.  Detailed documents — 
such as those prepared as background for the workshop — are available at the website 
we have established for this project.2 

 

                                                 
2 The Low Power Mode web page summarizing this research is available at 
http://standby.lbl.gov/Lopomo/

http://standby.lbl.gov/Lopomo/


3.0 Review of Literature Related to Low Power Modes 

3.1 Energy Test Procedures 
Consistent definitions and test procedures are essential for reliable and comparable 
measurements.  Unfortunately, responsibility for definitions and test procedures of low 
power modes are spread among many international groups, with no overall 
organization or coordination.  Many actually conflict with each other, either in definition 
or procedures.  The Energy Star program has established ad hoc product-specific 
definitions for most of the products that it covers, but even these tests are inconsistent in 
both large and small aspects. 

A technical committee of the IEC (TC 59 WG 9)3 issued a draft definition and test 
procedure for standby power in July 2002.  The committee’s responsibility is white 
goods, but the test procedure was designed to apply to virtually all electric devices that 
can be plugged in.  No similar, generally applicable test procedure exists for the other 
low power modes. 

3.2 Field Measurements 
Virtually all relevant low power mode measurements to date have been conducted on 
standby power use in homes.  Over one thousand homes around the world have been 
measured, including some in Europe, Japan, Australia, and China.  Only one formal 
study in the United States has been conducted — 10 homes in California — so we have a 
poor understanding of both the California and U.S. standby situation.  Less information 
is available for other low power modes.  Worldwide, residential standby power 
measurements range from about 30 to 125 W per home, as shown in Figure 2. 

Data are even scarcer for the commercial sector.  For one class of devices — office 
equipment — we have rough estimates of energy use, but for the rest we know almost 
nothing.  No commercial buildings have been monitored, so we have essentially no idea 
how large low power mode energy consumption is, let alone a comprehensive list of 
devices with low power modes. 

Figure 2 3.  Field measurements of residential standby power use in different countries.  
Less than 15 homes have been measured in California. 

                                                 
3 The Committee Draft is available at the Low power mode Web site. 
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3.3 Energy Use of Low Power Modes in California 
There is not enough information to estimate confidently energy consumption of low 
power modes.  Based on the existing data, a “best guess” of residential standby is 70 W 
per home, which is roughly 600 kWh/year (more than most new refrigerators), or about 
10% of California residential electricity use.  The more modest additional energy use of 
sleep modes must still be added to this number, so 70 W represents a conservative 
estimate.  This implies a California-wide load of about 900 MW (8,000 GWh/year). 

With the available information, we cannot even determine if standby or total low power 
mode energy use is increasing or decreasing.  Energy Star programs may be reducing 
standby in common consumer electronics, but the rapid appearance of new digital 
appliances and the dramatic increase in the number of appliances with standby may be 
offsetting those gains.  Some of the key growth areas for residential standby include set 
top boxes, white goods, and home networks.  Another problem is “hard-wired” standby 
caused by smoke detectors, security systems, GFCIs, and HVAC control systems.  A 
unique problem is digital converter boxes for TVs, which may be required for as many 
as 200 million TVs in the United States — over 20 million in California alone — in the 
next 5 years, each drawing as much as 20 W.  Anecdotal evidence therefore suggests that 
residential low power mode energy use will probably rise significantly in the coming 
years. 

Data for the commercial sector are even sketchier.  Based on rough assumptions, office 
equipment alone may be responsible for 1,100 GWh/year.  The energy use of other 
products with low power mode energy use, from emergency lighting and exit lights to 
communications equipment, still needs to be included (but no data are available).  There 
is reason to believe that the energy use of equipment in their low power modes is the 
fastest growing component of California electricity use. 



3.4 Energy Efficiency Programs 
Voluntary and mandatory programs dealing with low power modes exist in North 
America, Europe, Japan, Australia, China, and several other countries.  Most of the 
voluntary programs, such as Energy Star, target the standby mode for consumer 
electronics and the sleep mode for office equipment.  In contrast, the mandatory 
efficiency programs, such as efficiency standards for white goods in the U.S., Europe, 
Australia and Japan, generally target active modes and ignore the low power modes. 

Energy Star operates the world’s largest program for consumer electronics and office 
equipment.  Energy Star specifications are arguably the de facto world standard for these 
products. 

3.5 Research Strategies 
There is only limited technical research focused solely on improving the efficiency of 
low power modes.  The wide diversity of products partly explains the lack of specific 
research on the topic.  Nevertheless, research that will impact low power modes is 
underway.  Technologies borrowed from other situations (e.g., battery-powered devices, 
where power consumption is critical) can often be constructively applied to low power 
modes.  Some corporate research directed to other goals has also led to low-power 
solutions.  For example, the need to reduce heat output and weight of power supplies 
has resulted in greatly improved efficiencies for some products.  Manufacturers have 
successfully cut irritating fan noise by switching off the fan altogether while in a low 
power mode.  This could only be accomplished by reducing component heat generation 
while the device is in standby or sleep modes. 

There are three principal research strategies to reducing low power mode energy 
consumption: 

1. Improve the efficiency of the components 

2. Improve equipment design to help device components better match functional 
needs 

3. Improve (or modify) technologies outside the device or change user behavior 

An example of component improvement is increasing the efficiency of power supplies in 
their no-load and part-load performance.  Other examples include de-energizing 
components when not needed and designing ultra-low power circuits. 

Design improvements help the device better match operational components with 
functional needs.  These improvements enable the device to shift operating time from 
active to sleep and from sleep to off.  These changes may actually increase energy use 
while in the low power modes (by shifting operating time from active) but result in 
lower overall energy use. 

External changes can also reduce energy use in low power modes.  Important examples 
are the communications protocols between service providers (such as cable TV 
providers) and set top boxes, or between a server in a home network and the appliances 
on the network.  Protocols need to be designed to enable devices to enter the lowest 



possible operational state.  This requires coordination between the service providers and 
the box manufacturers.  Other external changes include construction of a low-power DC 
supply network in buildings (to eliminate the need for separate power supplies) and 
improved user interfaces that make low power modes easier for consumers to identify 
and use.  Research is also needed on consumer behavior, as well as effective interfaces 
between consumers and these products. 

 

4.0 Summary of comments from stakeholders 

4.1 Summary 
LBNL circulated research recommendations that arose from the August 2002 Standby 
Power Workshop to over 200 interested parties.  40 stakeholders provided their opinions 
about the priority that the CEC should give to the six recommendations that resulted 
from the workshop.  Understanding how much energy is consumed by low power mode 
devices was the clear priority for respondents – 38% ranked it the highest priority, and 
2/3 ranked it either the first or second priority the CEC should pursue.  Conversely, 
engaging in long-term research to increase the efficiency of low power modes was seen as 
the lowest priority.  No respondent ranked it the first priority for CEC research, and the 
majority of respondents ranked it either fifth or last.   

Some of the respondents suggested research topics the CEC should consider in addition 
to the six from the workshop.  Two that were mentioned by several respondents were (1) 
the need for a better understanding of market forces affecting the adoption of current 
technologies to reduce low power mode energy consumption, and (2) the need for CEC 
coordination with national and international low power mode research, test procedures, 
and regulatory activities. 

Respondents also mentioned specific technologies that they felt deserved priority 
attention.  Among these were power supplies and communications technologies like 
cable or satellite set-top boxes, personal video recorders, and home network equipment.  
Understanding the interaction of the end user and the device with regard to usage 
patterns and enabling behavior was also mentioned. 

4.2 Introduction 
The CEC sponsored a workshop in August, 2002 to assess research needs and 
opportunities in the area of standby power.  The workshop was well-attended, with 
attendees representing a variety of stakeholders.  The recommendations that emerged 
from the workshop fell into six research areas, and the focus shifted from solely standby 
power (the single minimum power level) to all low-power modes — “lopomos” 
(encompassing various sleep and off modes.)  As a result of that workshop, the CEC 
commissioned LBNL to more widely circulate the recommendations, receive and 
consider comments, and prepare a final list of recommendations.  This memo describes 
the methods used to circulate the recommendations and collect the feedback, as well as 
an analysis of the results.  The final deliverable for this task will be a revised list of 
recommendations. 



4.3 Methods 
The CEC requested feedback from a variety of actors: government agencies, including 
the US Department of Energy and Environmental Protection Agency; industry; non-
governmental organizations; California investor-owned utilities; and other interested 
parties, including international respondents.  To meet this goal, we compiled a list of 
potential survey respondents.  The list included participants in the August workshop, 
participants in other workshops about standby power consumption, and people known 
to be interested in low- power research issues.  The final list of contacts included 203 
people. 

We organized our data collection from these contacts by developing an interview 
protocol that covered three major topics: a prioritization of the six research areas that 
came out of the workshop, refinement of the research activities to reflect more 
specifically the respondent’s interest (as necessary), and any additional research topics 
the respondent felt important but not covered by the original six (again as necessary.) If 
an additional topic was provided, the respondent was asked where to include the new 
priority in the ranking of research areas 

We recognized that, given the timeframe of this study, all 203 potential respondents 
could not be interviewed individually.  We therefore prioritized the contacts to enhance 
the likelihood that the variety of respondents sought by the CEC would be surveyed.  37 
contacts representing the range of stakeholders were identified as high priority and 
personally contacted by a member of the survey team.  Another 62 were also contacted 
via personal communication, with the remaining 102 contacted through a more general 
mass e-mail message.  In some cases, our request for comment was passed through one 
of our identified contacts to a group.  This enlarged our pool of potential respondents.  
For example, the Silicon Valley Manufacturers Association sent out an e-mail notice of 
our effort to about 200 member contacts interested in energy issues, asking that anyone 
interested in commenting contact us. 

For those respondents we contacted personally, we typically e-mailed a copy of the six 
research priorities to the respondent before conducting the interview by phone.  We also 
included a web reference to the full report summarizing the August workshop.  We then 
called the respondent to go through the interview protocol questions.  For those 
respondents we contacted solely by e-mail, we provided the same six research priorities 
and references to the full report and then included the interview protocol questions in 
the message.  We used a standard template for the e-mail text. 

We began contacting our priority respondents in mid-April 2003 and collected data 
through May.  We received comments from 46 respondents.  18 respondents were from 
industry, 10 from government, 8 from NGOs, 3 from utilities, 5 from consulting firms, 
and 2 “other.”  Of the 46 respondents, 40 provided specific recommendations about the 
priorities they gave to each of the research recommendations proposed from the August 
workshop.  The other 6 either expressed no preference for one research area over 
another (e.g., “They’re all important”) or provided commentary about the research 
goals, specific research method suggestions, or other general comments without 
providing ranking of priorities. 



4.4 Priority Results 
In Table 1 below, we summarize the results of the prioritization part of the interviews.  
The columns show the prioritization expressed by the respondent, from highest priority 
1st to lowest priority 6th.  The rows show each research topic as identified by the August 
workshop.  (The topics are also summarized below the table.) The highest percentage 
response in each priority column is presented in bold text.  Rows do not sum to 100% 
due to respondents not ranking every research topic. 

How much energy is actually consumed in low power modes was ranked the highest 
priority research topic by a plurality of respondents.  A stronger indication comes if one 
considers both 1st and 2nd priority rankings: 2/3 of the respondents ranked 
understanding how much energy is consumed as either the highest or second-highest 
priority for CEC research.  Many people commented that understanding the present 
energy consumption of low power modes was a precondition to much of the follow-on 
work.  Some who did not rank this topic as a high priority expressed the point of view 
that we already know how much energy is consumed by low power modes, though a 
careful reading of the material prepared for the workshop says otherwise (and the level 
of documentation of low-power mode energy consumption other than standby is low). 

In contrast to topic 1, topic 5 – “Engage in long-term research to increase the efficiency of 
low power modes” – was never mentioned as a first priority.  It was often mentioned as 
the last choice of priorities.  As can be seen from the table, over half of the respondents 
rated it last or second to last as a research priority. 

Beyond these two ends of the spectrum, the research priorities are muddled.  As a 
general trend, topics 1, 2, and 3 were more often mentioned as higher priorities than 
topics 4, 5, and 6.  However, respondents often grouped their research priorities by 
identifying one or two primary research topics and then “the rest.” In many cases, the 
research topics ranked as lower priorities were considered to be similar in importance.  
As a result, little weight should be given to the distinction between, for example, the 3rd 
and 4th ranking.  It is clear from both the numerical results and the comments of the 
respondents that the lower-ranked research topics should be considered more or less 
equivalent.   

Table 1: Respondents’ Prioritization of Research Topics by Percentage Response 

Priority  
Research topics 1st 2nd 3rd 4th 5th 6th 

1: How Much Energy 38% 28% 10%   8%   5%   8% 
2: Test Procedures 20% 25% 20% 13%   5% 10% 

3: Behavior 10% 13% 23% 13% 15% 18% 
4: Feasible Technologies 10% 15% 10% 25% 18% 10% 
5: Long-term Research   0%   5% 15% 10% 25% 28% 

6: Short-term Research 15% 10%   8% 18% 15% 10% 
    Other   8%   0%   5%   0%   0%   0% 



    No response   0%   5% 10% 15% 18% 18% 
Topic 1: Understand how much energy is actually consumed in low power modes. 
Topic 2: Develop energy test procedures for low power modes and protocols to measure 
their contribution to whole-building electricity use. 
Topic 3: Understand human behavior and preferences as they relate to low power 
modes. 
Topic 4: Investigate feasible technologies offering energy savings opportunities and 
their economic costs and savings. 
Topic 5: Engage in long-term research to increase the efficiency of low power modes. 
Topic 6: Engage in short-term research to address anticipated critical problems related to 
low power modes. 

Using a pair-wise comparison process to determine which research topics were 
mentioned before the others, we were able to collapse the rankings to a prioritized list.  
From most important to least important, the general result was:  

1st priority Understand how much energy is actually consumed in low power modes. 

2nd priority Develop energy test procedures for low power modes and protocols to 
measure their contribution to whole-building electricity use. 

3rd priority Understand human behavior and preferences as they relate to low power 
modes. 

4th priority Investigate feasible technologies offering energy savings opportunities 
and their economic costs and savings. 

5th priority Engage in short-term research to address anticipated critical problems 
related to low power modes. 

6th priority Engage in long-term research to increase the efficiency of low power 
modes. 

As mentioned above, though, the ordering of the middle four topics is somewhat 
arbitrary.  No significant distinction existed among these options. 

4.5 Other Results 
Two major additional topics came up in several interviews.  The first was the need to 
understand market forces affecting the adoption of efficient low power mode 
technologies.  Examples of this are cost and other drivers of manufacturers’ choices, 
market research, what functions need to be maintained in low power modes to retain 
market acceptance, non-energy benefits, and the whole “value proposition” of the 
needed technology.  At least five people mentioned costs. 

The second additional major topic was the need for the CEC to coordinate its research 
priorities with other research and regulatory activities, both nationally and 
internationally.  While industry can be expected to call for this to avoid having multiple 
targets or standards emerge, it is notable that as many non-industry people mentioned 
this as industry representatives. 



In our interview protocol, we did not use the phrase “technology item,” but we culled 
ideas from the respondents’ comments that seemed to qualify.  The ones mentioned by 
more than one person were power supplies, set top boxes, networks, and 
usage/enabling.  In general, it was thought that the California Energy Commission did 
not need to invent new technologies, but rather understand why some promising 
existing technologies are not used (at all or as much as they should be) and determine 
what could be done to remove some of these barriers. 
The task order asked us to “Confirm their support for low power mode research 
(including such products as set top and digital converter boxes, power supplies and 
battery chargers, etc.).”  At least five respondents specifically brought up power supplies 
as a priority, and at least eight specifically brought up set top boxes (with some 
mentioning all access boxes, such as also cable modems, and also PVRs — personal 
video recorders such as TiVo).  Both power supplies and set top boxes were widely 
discussed at the workshop and mentioned in the report and so people may not have felt 
it necessary to reiterate their importance.  Battery chargers were not brought up 
explicitly.  Overall, support for the general idea of low power mode research was high. 

Four people mentioned the general problem of networked devices – that being on 
networks can keep devices in a higher power state than otherwise would need to be.  
This was seen as a “huge opportunity,” as IT, CE, and “internet-aware” devices of all 
sorts converge in this functionality.  Understanding and possibly changing the network 
protocols was mentioned by several people. 

About a dozen people mentioned the issue of usage patterns and enabling of power 
management.  This included better understanding usage patterns, understanding how to 
change them (four people), and software problems that interfere with enabling (four 
people).  One respondent found that when he turned off his cable modem, the cable 
company called to ask what was wrong, and that one of his printers lacked any power 
switch at all. 

Other topics mentioned were micro fuel cells, “whole building systems approaches” and 
devices with a second, small power supply that handles all standby power needs. 

For the “how much energy” topic, several people mentioned the importance of making 
forecasts of future energy consumption, such as five and ten years out, to better 
understand how it is changing and what technologies may be present or needed.  These 
estimates could be with and without a low power mode policy effort, and any estimate 
could include a savings potential.  One respondent thought we would see differences 
between old and new homes.  Several respondents thought that the results of the “how 
much energy” investigation would point the way to additional research needs and 
priorities. 

Three people explicitly mentioned that research data should be collected in a way that 
could be used for future standards in this area.  One said that policy research should be 
explicitly part of the research agenda. 

Finally, a number of other comments seemed worth repeating but do not fall into 
obvious categories.  These are: Clarify terminology/definitions; Assess the impact of low 



power modes on system peak; Look at baseline consumption as indicator of low power 
mode; Look at the commercial sector; Recognize energy-driven uses of standby (e.g. 
timers to delay consumption to off-peak); Estimate the effect of over-sizing of power 
supplies; Quantify the no-load subset of standby power; Assess the energy consumption 
of battery-only devices that have AC-powered counterparts; and whether concern over 
standby power could drive some manufacturers to shift to battery power, with uncertain 
energy consumption implications. 

Finally, one suggestion that was emailed to us by a respondent seemed worth quoting 
directly: 

I would really like to see us collaborate to develop a competition on "lowest stand-by 
power" for consumer electronics.  I would like to see recognition awarded to the 
"winner" who provides the "lowest stand-by power" and/or "on mode efficiency" 
performance for a selected "consumer" application, at your or the CEC's or Energy 
Star's choosing.  Overall, the idea would be to award "points" for the various 
categories (efficiency during normal mode, lowest stand-by power, efficiency during 
stand-by mode, power supply footprint, and last but not least, system cost vs. 
traditional solution in the selected electronic).  I would relish the chance to prove 
what is possible by using our ICs to show how committed we are to this effort. 

4.6 Related Activities  
For related industry activities since the August 2002 Workshop, several respondents 
mentioned the European Code of Conduct activities on power supplies & set-tops, and 
several component manufacturers mentioned recent product introductions that facilitate 
reducing energy consumption in low power modes.  Also, while it began operation 
before the workshop, the Federal Energy Management Program (FEMP) continues to 
collect voluntarily submitted data from manufacturers.  This collection presently covers 
over 4,000 different electronic devices in 19 product categories. 

We also would like to note several developments since the workshop.  There will be a 
set-top workshop at IEA (see standby.lbl.gov/set-top to get to the IEA web page on 
this.) The Energy Star program is working on new specification levels for imaging 
equipment and for monitors.  Also, the IEC test procedure for standby continues its slow 
march to being finalized.  Finally, interesting reports on standby power continue to 
come out of Australia (we will reference those in other reports). 

4.7 Conclusions 
LBNL circulated research recommendations that arose from the August 2002 Standby 
Power Workshop to over 200 interested parties.  40 stakeholders provided their opinions 
about the priority that the CEC should give to the six recommendations that resulted 
from the workshop.  Understanding how much energy low power mode devices 
consume was the clear priority for respondents – 38% ranked it the highest priority, and 
2/3 ranked it either the first or second priority the CEC should pursue.  Conversely, 
engaging in long-term research to increase the efficiency of low power modes was seen as 
the lowest priority.  No respondent ranked it the first priority for CEC research, and the 
majority of respondents ranked it either fifth or last.   



Some of the respondents suggested research topics the CEC should consider in addition 
to the six from the workshop.  Two that were mentioned by several respondents were (1) 
the need for a better understanding of market forces affecting the adoption of current 
technologies to reduce low power mode energy consumption, and (2) the need for CEC 
coordination with national and international low power mode research and regulatory 
activities. 

Respondents also mentioned specific technologies that they felt deserved priority 
attention.  Among these were power supplies and communications technologies like 
cable or satellite set-top boxes, personal video recorders, and home network equipment.  
Understanding the interaction of the end user and the device with regard to usage 
patterns and enabling behavior was also mentioned. 

Overall, there were no significant distinctions in research prioritization based on the 
respondents’ organizational affiliation in the responses we received.  In other words, 
there seemed to be general agreement across the various interest groups. 

The workplan as a whole was well-received and seen as substantially in good shape 
already.  Thus, any changes to it ought to be more minor adjustment and integration of 
the prioritization rather than any major change to its structure or content.  For this next 
deliverable we propose to adapt the content of the Workshop recommendations 
document, dropping some sections, revising based on the results of this work, and 
taking into account the work envisioned for the remainder of this Task Order. 

 

5.0 Recommendations for Research 
The following recommendations are based on the input gathered in the August 26, 2002 
Workshop, through discussions with other knowledgeable persons in the field who 
were unable to attend the workshop, and the results of the survey of interested parties.  
Documents providing more detail on each of these topics are available from the Low 
Power Mode web page. 

Both workshop participants and survey respondents strongly endorsed the need for 
research into the general topic of low power modes.  Many from the private sector saw 
how this problem would impact their own businesses and felt that early action was 
advisable.  The participants were also comfortable with California funding the research, 
either alone or in collaboration with the federal government.  Several survey 
respondents emphasized that California should collaborate with other government 
agencies, both nationally and internationally, to establish uniformity in low power mode 
energy analysis and voluntary or mandatory standards. 

5.1 Scope of Recommendations 
Many of the recommendations that we received from workshop attendees dealt with 
overall directions for research.  Using these recommendations to create a framework of 
major research areas the CEC could undertake, we identified six major directions for low 
power mode research: 

A. Understand how much energy is actually consumed in the low power modes. 



B. Develop energy test procedures for low power modes and protocols to measure 
their contribution to whole-building electricity use. 

C. Understand human behavior and preferences as they relate to low power modes. 

D. Investigate feasible technologies offering energy savings opportunities and their 
economic costs and savings. 

E. Engage in short-term research to address anticipated critical problems related to 
low power modes. 

F. Engage in long-term research to increase the efficiency of low power modes. 

Detailed research topics were also identified, including improvements to power 
supplies, low-power circuitry, and clearer user interfaces for the devices.  Potential 
savings in some cases are as large as 90%. 

We then distributed these research directions through our survey process and asked 
people how they would prioritize these directions.  We also asked if there were 
additional research topics they would suggest. 

Below we combine the results of the workshop and the survey in a discussion of each of 
these research areas. 

5.2 How much energy is actually consumed in the low power modes? 
Workshop participants were struck by the absence of low power mode energy use 
measurements in U.S.  buildings, especially compared to the data available from other 
countries.  There was nearly unanimous agreement that better understanding of the 
dimensions of low power mode energy use should be a key research goal.  Survey 
respondents confirmed this view — 2/3 of the respondents ranked developing this 
understanding as the first or second priority the CEC should pursue.  Many remarked 
that this understanding is a necessary precondition to developing priorities for 
comprehensive actions to affect low power mode energy use.  Research is needed to 
answer such questions as: 

• How large is low power mode energy use? 

• How is low power mode energy use distributed across the residential, 
commercial, industrial, and other sectors? 

• Is low power mode energy use growing? 

• Are certain products or components responsible for a large part of low power 
mode energy use? 

The answers to these questions will help the Commission and other research agencies 
select the areas deserving further research or programs.  The general approach involves 
three steps: 

1. Assemble lists of product types with low power modes. 



2. Measure low power modes of products in situ and in the laboratory, including 
the fraction of time in each mode and other key information. 

3. Periodically measure low power modes of new products. 

In situ measurements should involve measuring the electricity use of the whole building 
(in addition to the contribution of each low power mode product) so that the fraction of 
electricity devoted to low power modes can be determined and no devices are 
overlooked. 

The residential sector is better understood than other sectors.  Most of the products with 
low power modes have already been identified (though new products are introduced 
every day).  Step one is essentially compete, so work could begin immediately on the 
measurement phase.  Less is known about the commercial sector, where a list of 
products with low power modes does not even exist. 

Specific projects that would fall inside this general category include: 

• gathering low power mode energy data in a representative sample of residential 
buildings by means of large-scale measurement campaigns, 

• surveying and compiling lists of products with low power mode energy use in 
residential, commercial, and industrial buildings, 

• gathering low power mode energy data in a representative sample of commercial 
buildings by means of large-scale measurement campaigns, 

• measuring the hard-wired low power mode energy use in new, unoccupied 
homes (and possibly commercial buildings), and 

• identifying the contributions of low power mode use to system peak. 

5.3 Develop definitions and energy test procedures for low power modes and 
protocols to measure their contribution to whole-building electricity use 

Standby power use is now fairly well defined, and an internationally recognized test 
procedure is nearly complete.  For some Energy Star products, the sleep mode is defined 
and test procedures exist.  Beyond that, however, there are few similar definitions and 
test procedures for low power modes. 

International standards organizations (IEC, ISO, etc.) have begun to address this 
omission, but the pace has been slow and uncoordinated.  In fact, some of the groups are 
heading in divergent, contradictory directions.  Consistent definitions and test 
procedures are an essential precursor to monitoring projects.  The lack of common 
definitions and terms was often cited as an important problem that the CEC could help 
overcome.  California can have a major influence on the direction and speed of these 
standards committees by first investigating the technical options and then participating 
in the deliberations. 

The definitions and test procedures determine how to test the low power modes for a 
single device.  A protocol for measuring the low power modes of all the products inside 



a building must then be used to collect the data for representative samples (discussed 
earlier).  Again, California can lead by developing procedures and field-testing them. 

5.4 Understand human behavior and preferences as they relate to low power 
modes 

Small differences in operational settings (such as enabling power management features) 
can easily lead to ten-fold differences in annual energy consumption of many electronic 
products.  For this reason, the human dimensions of energy consumption must be 
carefully included in all low power mode research.  Three areas deserve special 
attention: 

1. Can additional consumer education change the way consumers operate a device? 

2. Can improved product design (e.g., “user interface”) encourage users to exploit 
the low power modes? 

3. How much do consumers value the low power modes? For example, in what 
cases would a hard “off” switch be tolerated? Desirable? What maximum delay 
times are acceptable when switching modes? 

The impact of consumer education and training should not be underestimated.  Media 
campaigns in Japan, Germany, and, to a lesser extent California during the electricity 
crisis, probably caused many users to more frequently enable the low power modes (or 
simply unplug devices). 

Any program aimed at educating and mobilizing people to use products more 
efficiently will be more successful if the energy-related controls in these products 
present a logical, clear, and consistent appearance.  Thus, the research necessary to 
develop and promote design guidelines for controls related to power management is 
likely to pay off handsomely.  The Commission has already initiated research in this area 
and it appears to be headed towards a successful outcome. 

A similar area of analysis mentioned by several survey respondents involves 
understanding the market behavior of both end-use consumers and product 
manufacturers.  Questions included: 

• Would consumers change their purchasing behavior to favor products with 
reduced low power mode energy consumption? 

• How are efficient low power mode technologies adopted by product 
manufacturers and included in their products? For example, why do some 
manufacturers choose to implement efficient power supplies? 

• Are there “non-energy benefits” inherent to efficient low power mode devices 
that consumers would find attractive? 

• How can we change usage patterns to shift time from active to low power 
modes? 



5.5 Investigate energy savings opportunities and economic feasibilities of 
technologies to reduce energy use of equipment while in low power modes 

Greater understanding of the technical potential for energy savings is integral to 
informing the adoption of state programs that address low power mode energy 
consumption.  Knowledge of the economic costs and benefits of various low power 
mode options can determine which programs will save the greatest amount of energy 
for the lowest total cost.  The following questions should be addressed: 

• Which products or components use the most low power mode energy? 

• What are the technical options to reduce low power mode energy use and how 
much will they save? 

• How much do those technologies cost? 

The results of this research are often depicted as “technology-cost curves” for single 
devices or “supply curves of conserved energy” for an entire end-use category.  
Developing these curves for low power mode energy use is unusually difficult because 
so little data exist on energy use, stocks, and patterns of usage.  Furthermore, some 
devices are penetrating the market very rapidly, so energy savings are sensitive to sales 
rates. 

Some products and components are so clearly important that they deserve immediate 
attention.  Set top boxes and digital converter boxes are good examples of products 
deserving immediate investigation.  Power supplies and battery charging systems are 
good examples of components that deserve immediate investigation. 

Survey respondents generally saw this as a research topic that could occur only after a 
better understanding of low power mode energy consumption had been developed.  
Those who ranked it as a first priority usually felt that enough is already known about 
low power mode energy consumption to move forward to this step.  This is 
undoubtedly true for certain products, as mentioned above; however, more research is 
likely needed on low power mode energy use in general before comprehensive research 
on this topic can occur. 

5.6 Engage in short-term research to address anticipated critical problems 
related to low power modes 

Short-term research can provide valuable support to program development.  Some of 
the results can be used to as inputs to the technology cost curves and other policy tools.  
Short-term research can also demonstrate proof of a concept to justify additional 
research or the technical feasibility of a mandatory standard. 

Television set top and digital converter boxes are obvious targets for short-term 
research.  This research could investigate technologies to reduce power consumption 
through improved components and communications protocols.  By demonstrating that 
boxes with lower power use are technically feasible (and economic), the Commission 
can develop programs to address the anticipated flood of these boxes. 



Hard-wired standby in new homes was already identified as an important measurement 
target.  Another example of short-term research would be the development of prototype 
smoke detectors, built-in LED lighting systems, and other products that would offer the 
same functionality at lower power levels. 

Finally, issues of enabling rates and user interface controls were mentioned as potential 
critical problems that might be able to be addressed through short-term, focused 
research. 

Many survey respondents rated this research topic overall as a lower priority for CEC 
research, though higher in value than long-term research (see below).  On the other 
hand, specific technologies (or technology families) were mentioned as important 
components on which to focus, either because their low power mode energy 
consumption was perceived to be high or because the prevalence of those particular 
technologies was expected to increase rapidly in the near future.  Examples included the 
digital set top boxes mentioned above, as well as home networking systems.  Many 
survey respondents mentioned the problem of devices connected to networks being kept 
awake by the network or by the need to maintain connectivity, with the possibility of 
large increases in consumption due to this, and large savings if the problems can be 
solved.  The increased penetration of broadband technologies into the home may be a 
driver for new product growth and corresponding low power mode use. 

5.7 Engage in long-term research to increase the efficiency of low power modes 
Most efficiency improvements in the low power modes result in savings of only a few 
watts per product.  But the potential savings are large because the improvements apply 
to so many products and because the products operate in the low power modes so many 
hours each year.  Some savings will also occur when better designed low power modes 
allow a product to shift time from an active mode to the low power modes. 

There are three principal research strategies to reducing the energy consumed in the low 
power modes: 

1. Improve the efficiency of the components 

2. Improve software to help equipment operation better match functional needs 

3. Improve external aspects to facilitate energy savings 

Several components appear ripe for additional efficiency improvements.  Power 
supplies deserve the greatest attention because they exist in all of the products.  In many 
cases, efficiency improvements to power supplies will also save power while the 
products are in active mode. 

Rechargeable products represent an increasing fraction of products with low power 
modes.  Batteries, and the circuitry to charge them, draw upon increasingly 
sophisticated technologies.  Improving the efficiency and overall performance of battery-
charger system will yield both energy savings and environmental benefits (by increasing 
battery longevity).  Long-term research could lead to a “California battery” system, with 
performance characteristics tailored to maximize energy efficiency and minimize 



disposal costs.  Alternatively, adding a battery to a device may allow better power 
management or reducing standby use to zero. 

Manufacturers are striving to add increasing functionality to products while in the low 
power modes.  More efficient circuitry could provide both increased functionality and 
energy efficiency.  This should be another research area.  The California-supported 
CITRIS4 program is an example: CITRIS researchers developed circuitry with power 
requirements 1/100 of current levels.  Stray air currents, ambient light, and local 
temperature differences may be able to supply enough power to operate these circuits. 

Many California companies, universities, and research institutions are already 
tangentially involved in these topics and, through collaboration, will be better 
positioned to market the fruits of the research profitably. 

Although these research areas are undoubtedly of value, the majority of survey 
respondents considered long-term research to be a low priority for the CEC.  Some felt 
that the technologies necessary to reduce low power mode energy consumption already 
exist — therefore, there was no reason for the CEC to invest in new technology 
development.  Others felt that the need for new products did exist, but that the CEC was 
not the best actor to implement research in this area.  Respondents believed that the 
private sector was better positioned to develop the means to increase the efficiency of 
low power modes. 

 

6.0 Overall Conclusions and Recommendations 
Even with the limited information available, it seems clear that the electricity consumed 
by devices while in low power modes already represents a significant fraction of 
California’s total consumption.  In California’s homes, standby power consumption 
alone probably accounts for nearly 10% of total residential electricity use.  There is also 
evidence that low power mode energy use will rise sharply.  These trends suggest that 
California is justified in undertaking a range of programs to reduce low power mode 
energy use. 

We have outlined a framework for research, plus many specific projects.  The research 
covers a broad spectrum of activities, from field measurements to understanding 
consumer behavior to exploration of entirely new technologies.  Some of these projects 
— such as development of energy test procedures — need to begin almost immediately.  
Other aspects — such as investigations of new technologies — can wait.  But, together, 
this research agenda will ensure that programs to reduce the energy use of low power 
modes will be effective for both the short and long term. 

There was clear guidance from survey respondents that the first priority for CEC 
research is to understand how much energy is consumed by low power mode devices.  
The results of the survey also showed a fairly emphatic rejection of long-term research to 
improve the efficiency of low power mode devices, at least as a high priority for funding 

                                                 
4 Center for Information Technology Research in the Interest of Society, http://citris.berkeley.edu 



by the CEC.  The relative priority of the other four topics of research were analytically 
indistinguishable in our survey results.   
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Appendix II — Test and Measurement Procedures for 
Low Power Modes 

 

1.0 Introduction 
This appendix reviews existing test procedures and measurement protocols for standby 
power, other low-power modes, and usage patterns.  This information helped shape the 
individual product and whole-house measurement procedures described in Attachment 
1. 

1.1 Background 
Determining how to measure low power mode energy consumption was the primary 
goal of this project, with the actual measured data a necessary bonus.   

There are two related ideas reviewed here: a “test procedure” is usually designed to 
measure a new device in a laboratory setting, often for safety or regulatory purposes.  
The test conditions, such as temperature, supply voltage, etc are well-specified.  The 
device’s configuration is constant, or to be as shipped by the manufacturer, and any 
usage patterns applied during the test are fixed, or dependent on obvious characteristics 
of the device (e.g. its size or speed). 

A “measurement protocol” covers a much larger set of methods, including test 
procedures.  In this case, most of our measurements will be made in the field, in actual 
homes, in which the conditions are not well-controlled (such as temperature, voltage), 
the provenance of the device is not well-known (e.g. the customer could have modified 
it or it could have changed with age), and it may have been customized for the 
consumers’ use as by adding to it (e.g. a PC expansion card), the configuration changed, 
or by it being connected to other devices in ways that change its energy consumption 
patterns, through data or power flows along wired or wireless connections1.  Usage 
patterns are often those of the customer, and so while they might be measurable, they 
are not fixed or replicable.  Measurement protocols may be created for a variety of 
purposes.  

In this project, while we drew primarily on test procedures, we are ultimately used and 
developed measurement protocols.  We conducted some laboratory measurements, but 
some metrics, such as whole-house low power mode use, are inherently field 
measurements, and we found and measured many more devices in the field than we 
could readily bring into our laboratory. 

Our approach in this task was to gather, evaluate and compare existing methods, to find 
aspects that are common and that are worth considering or using directly in the 
protocols that we ultimately develop for this project.  The range of protocols also brings 
up the many detailed issues which will arise.  Table 1 lists the test procedures that we 

                                                 
1 At present, data and power can be transmitted over wires, and data over wireless connections, but power 
is not routinely transmitted wirelessly in homes. 



evaluated and some of their important characteristics; Table 2 lists the measurement 
protocols.  

Table 1.  Attributes of each Test Procedure 

Name Device Types Intended Use Measures Comments 

IEC 62301 Appliances => All  Neutral Power Standby power only; 2003 

IEC 62018  IT equip. Neutral Power All low-power modes; 2002 

IEC 620872 Audio / video Neutral Power All modes (orig. EN 50301 - 
GEEA); 20003 

ASTM 
(imaging) 

Copier, laser 
printer, fax 

Energy Analysis Energy All modes; 1990s 

FEMP All Energy Analysis Power Standby power only; 2001 

DOE-dish Dishwasher Mandatory 
Standard / Label 

Energy, 
Power 

All modes (new procedure); 2003 

DOE-TV TV Mandatory 
Standard / Label 

Energy, 
Power 

No standard implemented using this 
test 

Energy 
Star 

Selected IT, CE, 
other 

Voluntary. 
Standard 

Power Low-power modes only; 1990s to 
present 

Japan Selected IT, CE  Mandatory 
Standard 

Power Law Concerning the Rational Use of 
Energy; 1990s to present 

Notes: “Energy” means some usage assumptions applied.  “All” excludes hard-wired.  “Neutral” means that 
no specific uses were targeted.   “CE” means consumer electronics, and “IT” is information technology. 
 

Table 2.  Attributes of each Measurement Protocol 

Name Device Types Measures Comments 

Ross/Meier (LBNL) All  Power, House A whole-house energy study 

Nordman (LBNL) Copiers Power, Usage, 
Energy 

Included time-series  monitoring, night 
status surveys; all modes 

Roberson (LBNL) PC / Display Power All modes 

Webber (LBNL) Office equip. Usage Based on night status surveys 

Standby.lbl.gov Whole house House power  

Canada All Power Field (in homes and in-stores); sleep and 
standby 

Huber All Power Standby only 
Notes: All of these methods used for energy analysis.  “Energy” means some usage assumptions or 
measured data applied.  “All” excludes hard-wired. 

The procedures we reviewed touched on a wide variety of issues.  We grouped these 
into topic areas as listed in Table 3.  No procedure covered all topics. 
                                                 
2 Our citations of this standard are actually drawn from the EN 50301, the European standard on which it is 
based. 



Table 3.  Topics addressed by test and measurement procedures 

Topic Comments 

Purpose / Scope Reason for creating the procedure 

Basic Power Characteristics Voltage, frequency 

Power Quality Total harmonic distortion, current (?) crest factor 

Other Conditions Air speed, temperature, humidity 

Accuracy Accuracy and resolution of metering equipment 

Configuration Settings, attached hardware, information environment 

Usage Patterns % of time in each operating mode 

Mode Definitions What to name modes, what characteristics they have 

Mode Derivation How to determine what modes a product has 

Controls Controls (e.g. switches, automatic) within the device or attached to it 

Procedure Steps / Timing How long to integrate power use over 

Sampling How many units to measure 

Reporting What to record / report 

Whole-house Measurements Entire house and all devices within it 

 

We have not been exhaustive — almost every study measuring the energy consumption 
of electronic (and increasingly other) devices implicitly addresses low-power modes and 
so has some procedure.  We have reported on those that seemed most important due to 
their wide usage, or ability to help us cover the full range of types of procedures. 

An important point in all of this is that we are avoiding dealing with active (“on”) 
power consumption since that introduces large complexities and is beyond the scope of 
this project.  However, since part of the savings from attention to low power modes 
involves shifting products from full-on to low-power modes, the energy consumption in 
full-on needs to be incorporated into later analyses.  However, data on that should be 
transferred from other studies as much as possible and not developed in the context of 
low-power mode research. 

There are three major International Electrotechnical Commission  (IEC) standards 
discussed here.  Table 4 lists these for reference since we refer to them by the standard 
number only which does not indicate its content.  

 

 

 

 



Table 4.  Key IEC standards for low-power mode energy consumption 

Number TC Name / Status 

62301   59 “Measurement of standby power - Household electrical appliances” / exists as a nearly 
final draft. 

62018 100 “Power consumption of information technology equipment - Measurement methods” / 
exists as a draft – possibly close to final 

62087 108 “Methods of measurement for the power consumption of audio, video and related 
equipment” / Finalized March of 2003. Adapted from European Standard EN 50301 of 
the same name. 

Notes.  “TC” is IEC Technical Committee.  Emphases added. 
 

2.0 Topics 
Our intention is to base protocols that we develop on IEC 62301, so that is used to begin 
the discussion of most topic areas.  Reporting all details of all procedures here would be 
voluminous, so we selected items that show the range of definitions and specifications 
and raise important points.  We also include some discussion of how each topic affects 
the protocols we develop and our measurements. 

2.1 Purpose / Scope 
IEC 62301 was nominally created for appliances but was specifically designed to be 
generic and therefore applicable to nearly any household or normal office device.  While 
“on” power is covered by many IEC standards each specific to a different product type, 
this standard was created so that the standby level could be measured consistently 
across many products (this also had the advantage of avoiding the need to amend the 
many other standards and to keep the standby portion consistent over time).  It is noted 
that it is not designed to cover “normal operation (‘on mode’),” but that it could be used 
for other low-power modes. 

Other procedures are for specific products (e.g. DOE, Energy Star, Japan), categories of 
products (e.g. IT or CE), or generic (e.g. standby, whole-house).  Several procedures 
(Ross, FEMP, IEC 62301, Fung) explicitly exclude hard-wired devices, but other than the 
issue of making safe and proper electrical connections, it isn’t clear that they need to be 
treated any differently from those powered through ordinary outlets and plugs for 
making low-power measurements. 

Discussion 

Our scope will be any device found in a residence potentially powered from the mains.  
This excludes those powered from non-115 VAC sources such as directly from on-site 
DC generation (photovoltaic, wind, or fossil), or exclusively from battery power. 

2.2 Basic Power Characteristics 
In IEC 62301, voltage and frequency are as specified by the manufacturer, though 
nominal combinations are provided for Europe (230 V, 50 Hz), North America (115 V, 60 
Hz), Japan (100 V, 50/60 Hz), and Australia/New Zealand (230 V, 50 Hz).  The provided 



power is to be within 1% of the value intended for both voltage and frequency.  
Reference is made to power being supplied at twice the nominal voltage (e.g. 230 V for 
North America) and to three phase power so that there is apparently no barrier to using 
this procedure on devices powered that way. 

Other standards specify different ranges possible for these two factors, with the voltage 
allowed to range up to 5% from nominal (none are more strict than IEC 62301), and the 
voltage and frequency variation ranging from 0.1 Hz to 3%.  Some (e.g. the Japanese 
VCR standard) specify no range. 

Some standards specify that the nominal voltage and frequency should be used unless it 
is outside the product’s stated range.  Others state that the voltage and frequency listed 
on the product should be used. 

Discussion 

The frequency of delivered power is quite stable and reliable and so while any standard 
should reference it, it is not particularly of concern.  Many devices do change their 
efficiency modestly with changes in the voltage supplied, and voltage does vary by 
location.  Thus, attention to this factor is warranted, though measurements taken outside 
the specified range are still quite useful. 

2.3 Power Quality 
Two primary metrics of power quality are noted in the different procedures: Total 
Harmonic Distortion (THD) and crest factor.  IEC 62301 specifies that the waveform is to 
be close to normal, with total harmonic distortion to be under 2%.  Other procedures 
allow 3% or as much as 5% THD.  The specification of THD varies, usually by specifying 
how many harmonics need to be accounted for.  Note that this is the characteristic of the 
supplied power, not the power factor of the device itself. 

The other measure of power quality most frequently mentioned is peak voltage (usually 
measured as the “crest factor”).  For IEC 62301, the crest factor is to be within 5% of 
normal (between 1.34 and 1.49, as normal is the square root of 2 – 1.414).  Note that a 
crest factor rating also applies to the capability of the measuring equipment.  The Energy 
Star copier and MFD procedures requires a “true sine wave.” 

Discussion 

We may want to assure that our laboratory equipment meets the IEC 62301 specification.  
For field measurements, we simply need to report these values. 

2.4 Other Conditions 
IEC 62301 specifies that air speed is to be ≤ 0.5 m/s and temperature to be 20 ± 5 °C (68 ± 
9 °F), preferably 20.  This is the most common temperature measurement specified, 
though others include 22 ± 4 °C (Energy Star consumer electronics), 21 ±3 (Energy Star 
copiers), and  23 ± 5 °C (IEC 62018 and the old Energy Star monitor and computer 
specifications).  The FEMP procedure specifies that the air speed shall be 0.5 m/s — not 
that that is a maximum — we suspect that this was a typographic error and unintended.  



The ASTM copier test  requires attention to relative humidity (40-60%), the distance 
from the closest wall (2’), and “preconditioning” the device and supplies (paper chiefly) 
for 12 hours.  These are repeated in the Energy Star copier and MFD procedures and 
they also require that line impedance be less than 0.25 ohm. 

The Japanese TV procedure notes that for active power, some units change their 
brightness in response to the ambient light levels. 

Discussion 

It seems likely that most devices will be little affected by air speed and temperature (at 
least within ordinary ranges).  For field measurements however, we should report these, 
particularly for devices outdoors. 

2.5 Accuracy 
Power measurement accuracy can be specified in absolute terms or as a percentage of 
the reading.  For measurement of power, IEC 62301 refers to IEC 600503.  It further states 
that: 

Measurements of active power of 0.5 Watt or greater shall be made with an uncertainty 
of less than or equal to 2% at the 95% confidence level.  Measurements of active power of 
less than 0.5 Watt shall be made with an uncertainty of less than or equal to 0.01 Watt at 
the 95% confidence level.  The power measurement instrument shall have a resolution of 
0.01 W or better for active power.4 

IEC 62301 recommends that measuring equipment have a resolution of 1 mW or better, 
be able to handle a crest factor of at least 3, and a minimum current of 10 mA (80 mW at 
120V). Accumulated energy should be reported to at least 0.1 mWh.  Note that at 1 W,  1 
mWh is accumulated in 3.6 seconds. 

IEC 62301 notes that one should be alert for asymmetric currents (not equal in positive 
and negative), which are DC loads supplied by AC.  None of the other test procedures 
mention this issue.  IEC 62301 also includes a discussion of the 95% confidence level and 
uncertainty.  

Among other procedures that specify absolute accuracy, the Energy Star TV/VCR 
specification states that the watt meter should be accurate to 0.1 W.  The ASTM copier 
test requires a 0.1 Wh resolution on accumulation.  The meter used in the Canadian 
study (Fung, 2003) had a resolution of 0.1 W and accuracy at low levels of ±0.4W.  IEC 
62087 sets a “maximum permitted error [of] 5%” for measurements. 

The DOE test procedure specifies that the power meter should be accurate to 1% of full 
scale, and that readings should always be done in the upper half of that scale, implying a 
                                                 
3 IEC 60050 is a general review of terminology covering many topic areas.  This reference is probably to 
60050-300: International Electrotechnical Vocabulary - Electrical and electronic measurements and 
measuring instruments - Part 311: General terms relating to measurements - Part 312: General terms relating 
to electrical measurements - Part 313: Types of electrical measuring instruments - Part 314: Specific terms 
according to the type of instrument. 
4 Note that this reference to “active power” does not refer to the active power mode, but to ordinary power 
consumption in the standby mode.  Specifically, it refers to “The mean value, taken over one period, of the 
instantaneous power” with a period being an AC cycle, but multi-cycle measurements are also acceptable. 



maximum error of 2%.  There is no separate discussion of metering for low-power levels, 
so one interpretation is that the same meter is to be used as is used for the active mode 
readings; another is that a lower range is required on the same or different meter to 
maintain the upper-half criterion. 

Most of the test procedures state that the measured values should be reported (in the 
context of their guarantees about maximum error).  An exception is Energy Star 
consumer electronics specifications which states that the reported figures should be 
accurate to +10% - 0%; this is to assure that the product in question absolutely falls 
under the power limit(s) specified and so the reported results will be the raw readings 
plus the known uncertainty of the measuring equipment.  For Energy Star copiers, the 
accuracy doesn’t matter though to assure that the measured value insists that the 
specification level is a hard limit, the accuracy parameter should be added to the reading 
so that a higher reading will not occur. 

The existing Energy Star display (monitor) specification states that the calibration should 
be traceable to the National Bureau of Standards. 

Discussion 

We need to assess whether the equipment that we already own meets these conditions.  
If not, we may want to purchase a meter for lab use that meets the IEC 62301 standards.  
For field work, our existing equipment is probably fine.  Whether we need to be able to 
detect asymmetric currents is unclear – that may be a rare event. 

2.6 Configuration 
For how to configure the device being tested, IEC 62301 is typical.  The device is to be 
configured per the manufacturer’s instructions, or in the absence of those, at the default 
settings, or if all else fails, as found.  The only other possibilities mentioned in the test 
procedures is are when specific settings (e.g. maxima) or output criteria (e.g. display 
luminance) are specified.  For battery-operated devices, it is expected that the device will 
be removed from the charger, presumably on the assumption that the removed state will 
occur frequently enough to be significant.  The Energy Star TV/VCR specification (and 
others) says that configuration is to be “as shipped to the customer” (which could be 
different from the manufacturer recommended or default values.  Some devices have a 
“reset to default settings” function.  The DOE TV procedure requires removing any 
batteries present (for TVs that can be powered from batteries or the mains), and that any 
“automatic controls affecting brightness” (presumably those responding to ambient light 
sensors) should be disabled, and any sensor that can’t be disabled should be illuminated 
to maximize screen brightness. 

IEC 62087 provides an example of the most detailed configuration specifications, partly 
because it includes measurement of the devices in their active modes.  Many of these 
specifications will usually not affect low-power mode energy consumption, but as we 
cannot be sure (for all products now and in future) what may influence low-power 
mode consumption, we will need to at least consider specifying these types of details, 
and reporting on them for field measurements.  IEC 62087 specifies the content of input 
signals (audio and video), output signal electrical characteristics (e.g. speaker power), 
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