Power Levels, Operating Patterns, and Energy Use


(Bruce Nordman, Lawrence Berkeley National Laboratory, BNordman@LBL.gov, March 5, 1999)





	This discussion provides the background for the quantitative values and methods used to estimate energy use and savings in office equipment in the PLUGLOAD spreadsheet.  This tool is an aid to developing programs to reduce office equipment energy use and costs.  Other types of energy estimation efforts (such as forecasts) may require different methods and data.


	Overall energy use and savings for a site are based on actual or estimated equipment counts, and annual energy use or savings for each device.  Each general device type (e.g. a PC or copier) is subdivided into categories to the extent that energy use or savings varies significantly.  This can be due to differences that are readily discernable from survey or audit data, such as operating patterns (how often a device is left on at night) or basic power characteristics (such as the differences in power use of different sizes of copiers).  It can also be due to observed differences in the ability of a machine to successfully power manage, such as machines that have operating systems that preclude it.


	The estimates here all follow the model of a set of power levels one corresponding to each major operating mode, a distribution of time across the modes (the operating pattern), which results in an annual energy use (Unit Energy Consumption, UEC).  To arrive at the values for this project, we used a mixture of values from the literature and those found by direct measurements or audits.  Table 1 is a summary of the figures used in the spreadsheet.


Table 1.  Power Levels for Plugload spreadsheet:


�
Active�
Low-Power�
Off�
�
�
PC�
�
�
�
�
�
  Pentium�
55�
25�
0�
�
�
  Pre-Pentium�
55�
25�
0�
�
�
  Laptop�
25�
4�
0�
�
�
  Macintosh�
50�
48�
0�
�
�
Monitor�
�
�
�
�
�
  15”�
75�
10�
0�
�
�
  17”�
90�
10�
0�
�
�
  21”�
120�
10�
0�
Fixed (kWh/yr)�
�
Fax Machines�
35�
15�
—�
3�
�
Printers�
�
�
�
�
�
  Laser - Large�
100�
25�
0�
40�
�
  Laser - Small�
60�
20�
0�
10�
�
  Inkjet�
11�
11�
0�
15�
�
  Dot Matrix�
20�
20�
0�
15�
�
Copiers�
�
�
�
�
�
  Low�
115�
57�
4�
50�
�
  Medium�
177�
88�
13�
105�
�
  High�
312�
97�
8�
350�
�
  Very High�
622�
221�
1�
900�
�
Notes.  Very High speed Copiers not used in Plugload due to the small number in most offices.





Overall Approach


	For printers, copiers, and fax machines, there is energy used for producing images beyond what is required to simply keep the device ready to make images.  For copiers, this is very close to 1 Wh/image, based on the Copier report.  This was also found by direct measurement of a fax machine.  The actual number of images made each year by each imaging device varies widely, so is a much greater source of uncertainty than the extra imaging energy used.  For fax machines and printers, we base the number of images on an assumed distribution of paper use among imaging devices, assumed duplexing rates, and assumed number of people per imaging device.  For copiers the imaging rates from the Copier report are used.





Sources


	The following are the data sources referred to in this document.  Many other sources reflect measurements more than a few years old, and their applicability to the current stock of machines in offices seemed suspect.  In the course of the project, we made a number of direct measurements, using a Pacific Science & Technology “Line Logger” or a datalogger recording time-series power consumption data.  Other sources are referred to as follows.


Koomey


Koomey, Jonathan, Michael Cramer, Mary Ann Piette, and Joseph Eto, “Efficiency Improvements in U.S. Office Equipment: Expected Policy Impacts and Uncertainties”, Lawrence Berkeley National Laboratory, LBL-37383, December 1995.


	This discussion doesn’t include the “Advanced” figures from the report.


Energy Star


	Data reported to the Energy Star program on Product Reporting Forms filled out by manufacturers.  For the most part this is from the public web pages of product listings, but in one case (monitors) reflects additional data collected by the program but not published on the web pages.


Komor


	Komor, 1997, ASHRAE Journal


EPA (Program Estimates)


	Figures from the “Climate Change Action Plan” spreadsheet are taken from EPA (Program Estimates) (Climate Change Action Plan (CCAP) spreadsheet version #140, April, 1998.


Copier


	Nordman, Bruce, Mary Ann Piette, Kristopher Kinney, and Brian Pon, “Its Midnight ... Is Your Copier On?: Energy Star Copier Performance”, Lawrence Berkeley National Laboratory, LBL-41332, 1998.


User Guide


Nordman, Bruce, Mary Ann Piette, Kris Kinney, and Carrie Webber, “User Guide to Power Management for PCs and Monitors”, Lawrence Berkeley National Laboratory, LBL-39466, 1997.





PCs


	Personal computers are known to vary over time, with increasing computing power raising power levels, but advancing technologies reducing them.  The variation at any time among models sold seems to be considerably greater than the variation across time.  Since it is the power management and manual turn-off that drives energy use, we divide PCs into just a few categories.


	We measured eight PCs, and the average power levels while on were: Macs, 47 W, Pentiums, 54 W, and pre-Pentium PCs, 50 W.  A Mac 7200 (the only Mac model that significantly power manages) reduced its power by 18 W to 28, but a different model only saved 1 W (presumably the hard drive).  A stock-wide average savings of 2 W seems plausible for Macs.


	For Intel architecture  PCs� observed to power manage, the Pentiums powered down to 38 then 35 W; the other PCs went down to 29, then 27 W.  PCs may not power down to the 30 W level because all components that theoretically can power down do, or because the machine has extra components installed, or because they are not Energy Star compliant..  A few PCs have measurable 'off' power, but this is generally at most 2W, and we do not consider it here, lacking data on how prevalent this is.


	In the absence of good data on time spent in ‘standby’ mode (as opposed to suspend), or good power level data, we only consider the three modes below: active, low-power  (suspend), and off.


Table 2.  Reported power levels for desktop PCs. 


�
Conventional�
Energy Star�
�
�
Active�
Off�
Active�
Low*�
Off�
�
Koomey�
74(’94) -> 55(98)�
0�
40(<=’99) -> 55(’02)�
25�
0�
�
EPA (Program Estimates)�
55�
0�
55�
25�
0�
�
Energy Star Lists�
�
�
�
25�
�
�
User Guide�
65(386)45, (Pentium)�
�
65(386)45, (Pentium)�
25�
0�
�
Komor**�
60�
0�
�
�
�
�
*These low values are forr suspend.  **Komor doesn’t distinguish between Energy Star and not; the Komor value is for a PC and monitor combined; the separation into 60 W and 90 W assumed for this discussion.


Energy Star 


	The following are from the July, 1998 Energy Star PC list, “Watts in Sleep” column:�Of 616 machines listed, 16 are Sun models, ranging from 2 to 12.4 W, though these all reflect hibernate, not sleep.�102 models are 10 W or below (many of which are clearly laptops).  69 are in the 10 - 20 W range.  170 are in the 20 - 25 W range, 244 are in the 25 - 30 W range, and 15 are above 30 W.  The average is 21.5 W (excluding the Suns).  The mode is 24.5 W.


User Guide�	Page 7, Table 2.2 lists 15 W for a laptop.  “idle” power is listed as 3 W for the laptop.


	For laptop computers, Norford et al., reports 6 to 12 W (average 10 W) in active use.  Measurements of an older Apple laptop at LBNL found active power while plugged in to an AC outlet of 15 W.  Two IA-PC laptops of the same model were also measured at LBNL.  One used 22 W while active, and four in suspend.  The other used 13 in suspend and 12 in shutdown, so appeared to be charging the battery (indeed, it used 24 W when first plugged in before booting up).  This second one used from 27 to 36 while active—a premium of 3 to 14 W over the other machine (it used 13 in suspend).


	Based on all this, we settled on the 55W active and 25 W used in the EPA Program Estimates for Intel architecture PCs, and 25 W and 4 W for laptops.  While the average from the Energy Star list is less than 25 W, many PCs have extra components in them added after the ‘base unit’ was bought that add to low-power energy.  The laptop figure is to incorporate some charging time.  It is likely that laptops are more likely than PCs to be turned off or put to sleep manually, but we lack good data to quantify this.





Monitors


	The size of a monitor remains the dominant determinant of active power use.  The Energy Star data used for active power are from 1995, and should be reliable (though the database could be revisited to see if there is any change on average for the major sizes).  As flat panel (LCD) displays become more common for desktop machines, measurements of their power will become important.


	An Energy Star monitor that is on, but connected to a PC that is off (or to not PC at all) will generally go into its lowest power state, perhaps 5 W.  Since the machine is only on to the extent that the power indicator is amber, many people will not turn it off.


Table 3.  Reported power levels for monitors.


�
Conventional�
Energy Star�
�
�
Active�
Off�
Active�
Low�
Off�
�
Koomey�
55(’91)->65(’01)�
0�
�
14�
0�
�
EPA (Program Estimates)�
85�
0�
85�
15�
0�
�
Energy Star Lists�
�
�
�
12�
�
�
User Guide�
75(15”), 120(20”)�
�
�
�
�
�
Komor�
90�
0�
�
�
�
�
Notes.  “Low” is suspend.  For Koomey Energy Star, standby is 43 W in 1993, rising to 51 W by 2001.  Komor doesn’t distinguish between Energy Star and not.


Energy Star �	From the July, 1998 Energy Star Monitor list, “Watts in Sleep” column:    13 models are listed as terminals, 10 are listed as “Memorex Telex” machines, and five are monochrome; all these are excluded.  Of the remaining 948, 136 are 5 W or under, 358 are 5 to 10 W, 324 are 10 to 15 W, 58 are 15 to 20 W, 40 are 20 to 25 W, and 32 are 25 to 30 W.  The average is 11.2 W.


User Guide�	Page 7, Table 2.2 lists active power as 75 W for 15” monitor and 120W for a 20” model:  “idle” power is listed as 5 W for both.  As part of preparing the User Guide, data reported to the Energy Star program on monitor active power levels were analyzed.  15” monitors ranged from 65 to 90 W and averaged 75 W.  17” monitors ranged from 75 to 125 W and averaged 90 W; and 21” monitors ranged from 100 to 160 W, and averaged about 120 W.  Only a few models were monochrome.


	We use the active power levels from the user guide and 10 W for low-power for all sizes.  While the average was 11 W in the Energy Star lists, there are increasing numbers of monitors with very low low-power levels.





Laser Printers


	The Energy Star program has three speed categories, 0-7 ppm, 7-14, >14.  A principal determinant of how a printer is operated is whether it is a ‘personal’ printer, or whether it is shared by several or many people.  To capture this, we selected less than 12 ppm as small (personal) and 12 or greater as large (shared).


Table 4.  Reported power levels for laser printers.


�
Conventional�
Energy Star�
�
�
Active�
Low�
Off�
Active�
Low�
Off�
�
Koomey�
250/80�
--�
0�
250/80�
25�
0�
�
EPA (Program Estimates)�
*/80�
--�
0�
*/80�
25�
0�
�
Energy Star Lists�
�
�
�
�
22�
�
�
Komor�
250/80�
0�
0�
250/80�
�
�
�
Notes.  Active is printing and ready-to-print (“standby”).   Low is suspend.  Komor doesn’t distinguish between Energy Star and not.


Energy Star �	The January, 1999 version of the Energy Star printer list has 251 LED or Laser printers with both speed and low power values.  The average of these is 21.7 W, and a linear regression of them results in�           Low-power  =  12.3 + (0.7 * ppm)      (Watts)�This results in 18 W for 8 ppm, 21 W for 12 ppm, and 29 W for 24 ppm.


	The ‘active’ power values reported in most sources incorporate both active printing and ‘ready-to-print’ modes.  As the imaging energy figure is to capture the active printing number, we use a figure for active power to reflect only ready-to-print.


	For imaging energy, we assume 5,000 images/year per person for laser printing, and two people per small printer and 10 people per large one.  This results in 10 kWh/year for small printers and 50 kWh/year for large ones for the fixed imaging energy.





Inkjet printers


Energy Star Lists


	The January, 1999 version of the Energy Star printer list has 32 ‘Bubble Jet’ printers with an average of 7.5 W and 50 ‘Ink Jet’ printers have an average power of 13.8 W.  The overall average is 11.3 W.  Sixteen plotters have an average standby power of 29.3 W.


	For imaging energy, we assume 4,000 images/year per person for inkjet printing, and one person using each printer.  When they are shared, people likely also have access to a laserprinter for most of their printing.  This results in 4 kWh/year for the fixed imaging energy.





Serial/Impact Printers


Koomey�	Serial printers are taken as 45 W in active in 1990, dropping to 20 W by 2000.  For standby and suspend, 15 W in 1990, dropping to 8 W in 2000. 


Energy Star Lists�	The January, 1999 version of the Energy Star printer list has 156 dot matrix printers.  The average of these is 19.7 W in standby.  Nine “Line” printers have an average of 24.1 W in standby.


	In the absence of better data, we assume the same energy values for serial printers as we do for inkjets.  The majority of serial printers found in San Francisco offices were quite old models connected to mainframe computers.  





Fax Machines


Koomey�	Conventional: 175 W active; for standby, 35 W in 1994 and on.  Energy Star: 175 W active; for suspend, 15 W.


Energy Star Lists�	The January, 1999 version of the Energy Star fax machine list has 214 devices on it, including both fax machines and combination printer/fax machines.  The average standby power is 11.2 W.


	Monitoring of a fax machine at LBNL and one at San Francisco found both returning to their standby power essentially immediately after a fax job.  The extra energy for faxing appears to be about 1 Wh/image.  


	We assume 500 sheets per year of faxing per person, and 40 people per fax machine, for a total of 20,000 sheets/year, or 20 kWh/year for imaging energy.





Copiers


Energy Star Lists


	As of July 1997, 148 copier models were listed.  The average ‘off’ power listed was 0.8 W for low speed machines, 12 W for medium speed, and 12 W for high speed machines (source: LBNL/BN).


Koomey


	Conventional copiers are assumed to use  220 W in 1994 in active mode.  For standby and suspend, 190 W.  For ‘Plug’ energy, 10 W.  They are active 20% of time.  Energy Star copiers are the same as conventional, except 150 W in Suspend.


Copier Report


	The Copier report is the best source of data on copier energy and use patterns.  For power values, Table 4-6 provides the key data for estimating copier energy.  While this reflects non-Energy Star copiers, it is believed that the main effect of the program was to change the distribution of copier time among standby, low-power, and off, not to change power values in these modes.


Table 5.  Copier ASTM Test Results: Speed and Average Power (Table 4-6 of the Copier report).


Energy


Star speed�



Segment�
Speed


cpm�



n=�
Plug


Wh/h�
Warm-up


Wh/h�
Standby


Wh/h�
Low-powera


Wh/h        n=�
Copying


Wh/h�
ES Lists


Wh/h        n=�
�
Low�
1�
<=20 �
37�
  8�
138�
115�
—�
—�
   136�
  1.6�
94�
�
Medium�
2�
21-30 �
31�
13�
205�
172�
106�
1�
   208�
10.0�
78�
�
Medium�
3�
31-44 �
22�
16�
224�
183�
  70�
6�
   241�
�
�
�
High�
4�
45-69 �
28�
39�
399�
266�
  97�
9�
   358�
12.9�
79�
�
High�
5�
70-90 �
  9�
20�
507�
358�
  98�
1�
   583�
�
�
�
High�
6�
  >90 �
  3�
21�
826�
622�
221�
1�
1,044�
  8.8�
8�
�
Notes:  The low-power column averages only those copiers that have a low-power mode reported; the small number of these copiers is notable.  The units are reported as Wh/h rather than W as they are all the average power used over one hour.





Table 6.  Copier power values for the Plugload spreadsheet.


�
�
�
�
Extra per hour�
Extra per year�
�
Speed�
Standby�
Low-power�
Plug�
Warmup�
Copying�
Warmup�
Copying�
Total�
�
�
Wh./h�
Wh/h�
Wh/h�
Wh/h�
Wh/h�
kWh/year�
kWh/year�
kWh/year�
�
Low�
115�
—�
  8�
  23�
  21�
  5�
  42�
  47�
�
Medium�
177�
  88�
14�
  37�
  48�
  9�
  96�
105�
�
High�
312�
  97�
  5�
  94�
158�
24�
316�
340�
�
Very High�
622�
221�
  1�
204�
422�
51�
844�
895�
�
Notes.  Assume 250 warmups per year, 2,000 copying hours per year.  High is just segments 4 and 5.  Very high is not used in the spreadsheet, but is shown here for reference.


	For imaging energy we use the values from the Copier report..





Mainframe Terminals


	Koomey et al. list Point of Sale terminals as 130 W, with only one mode, though these more likely resemble a PC.  A mainframe terminal likely draws power closer to a monitor, particularly as they are usually monochrome.








Devices not in the spreadsheet.


Scanners


EPA (Program Estimates)


	Active 50 W and off zero W (Conventional and Energy Star).  Low-power 12 W for Energy Star; this is the maximum the Energy Star program allows.





Multifunction Devices


	The EPA Program Estimates have assumptions on the various segments of MFDs.  The market is young and small enough that strong conclusions are probably not warranted.  Printers are probably the best analogue for most MFDs at present.





Miscellaneous devices


	Wenzel et al., “Energy Data Sourcebook for the U.S. Residential Sector” cites Sanchez, 1997 for many miscellaneous residential end uses.  Some of these are found in the commercial sector, though it is possible that operation patterns would be different.  UEC is kWh/year.   Table 7 shows a selection of these.


Table 7.  Miscellaneous devices.


Device�
UEC�
Kitchen-related device�
UEC�
�
Aquarium�
540�
Automatic Drip Coffeemaker�
116�
�
Grow Lights�
800�
Percolator Coffeemaker�
65�
�
Torchiere Lamps�
394�
Espresso Maker�
19�
�
Video Cassette Recorder�
57�
Air Corn Popper�
6�
�
Compact Audio�
81�
Electric Kettle�
75�
�
Answering Machine�
35�
Instant Hot Water�
160�
�
Clock�
26�
Bottled Water Dispenser�
300�
�
Home radio/small clock�
18�
�
�
�
Floor, Desk, or Stand Fan�
8�
�
�
�



Operating Patterns


	Along with power levels, operating patterns are the other primary determinant of annual energy use of office equipment.  The spreadsheet embodies the equipment densities and operating patterns as found in San Francisco, not necessarily those believed to reflect the national average.  Copiers in particular are a case in which the San Francisco results seem anomalous—all Energy Star copiers audited had power management enabled, while the Copier study found over a third of them at least partially disabled (not accomplishing auto-off).  However, average figures are needed for factors that the San Francisco project did not address, such as active hours each work day for PCs and monitors.	


	The following tables present operating pattern assumptions from several sources.  In addition to this, the User Guide puts PC active time at 9.5% of the year, low-power time at 28.6%, for a total of 38.1% on in some fashion.


Table 8.  Operating patterns from Koomey  (p. 57) (percentage of year).


Device Type�
Active�
Standby�
Suspend�
Off�
�
PC�
9�
13�
13�
65�
�
Monitor�
9�
13�
13�
65�
�
Laser Printer�
1�
4�
30�
65�
�
Serial Printer�
1�
3�
27�
69�
�
Copier�
3.7�
14�
29 (16)�
53.3 (66.3)�
�
Fax�
3.7�
96�
0�
0�
�
POS Terminal�
30�
20�
0�
0�
�
Notes.  Energy Star copiers have the (lower) suspend time





Table 9.  Operating hours from the Copier report.


Speed�
Daytime Hours�
Hours/year�
% of year�
�
Low�
  6�
1,500�
17%�
�
Medium�
10�
2,500�
29%�
�
High�
13�
3,250�
37%�
�
Very High�
12�
3,000�
34%�
�



Table 10.  Operating Patterns from EPA Program Estimates (hours/day)


�
non- Energy Star�
Energy Star�
�
�
Active�
Low�
Off�
Active�
Low�
Off�
�
Monitors�
9.5�
--�
14.5�
4�
5.5�
14.5�
�
PCs-Desk�
9.5�
--�
14.5�
4�
5,5�
14.5�
�
Faxes�
24.0�
--�
0.0�
1�
23.0�
0.0�
�
Scanners�
9.5�
--�
14.4�
2�
7.5�
14.5�
�
LaserPrinters�
9.5�
--�
14.5�
1.5�
8�
14.5�
�
Copiers-Low�
8.9�
8.9�
6.2�
9.7�
1.2�
13.4�
�
Copiers-Med�
12.6�
8.2�
3.2�
10.2�
1.4�
12.4�
�
Copiers-High�
13.22�
7.42�
3.36�
12.9�
2.9�
8.2�
�
MFDs-1�
9.5�
--�
14.5�
1-6�
3.5-8.5�
14.5�
�















Table 11.  Annual Energy Use from EPA Program Estimates (kWh/year)


�
non- Energy Star�
Energy Star�
Savings�
% activated�
�
Monitors�
307.7�
110.5�
197.2�
80�
�
PCs-Desk�
199.1�
114.6�
84.5�
50�
�
Faxes�
306.6�
138.7�
167.9�
100�
�
Scanner�
371.8�
117.0�
254.9�
100�
�
Laser Printers�
318.1�
120.1�
198.0�
90�
�
Copiers-Low�
747.5�
478.6�
268.9�
90�
�
Copiers-Medium�
1,054.6�
796.2/744.0�
258.4/310.6�
90�
�
Copiers-High�
1,843.6�
1,775.1�
129.4�
90�
�
MFDs�
671.2-4282.1�
191.3-1933.9�
446.9-2768.5�
100�
�
Refrigerators�
670.0�
560.0�
110.0�
100�
�
Exit Signs�
262.8�
43.8�
219.0�
100�
�
Notes. For Monitors and Desktop PCs, 25% of units 24-hour; Only 76% of machines turned on on any particular weekday.  For Medium and High Speed copiers, two Tiers are represented for Energy Star machines.  For MFDs, 70% are left on overnight as they have fax capability; power levels are weighted average; some MFDs have both low-power and suspend.





General Assumptions


Electricity Carbon emission factor (MMTC/billion kWh):  0.185, from calculations for EPA Program Estimates.





� The term “IA-PC” is used in the ACPI definition document, and seems apt for this type of discussion.
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