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ABSTRACT

Emerging energy codes require commercial buildings to 
include built-in plug-load controls that de-energize certain 
outlets according to occupancy sensors or daily sched-

ules. The authors studied the potential effectiveness of 
this strategy by monitoring plug-load consumption in sev-

eral administrative and retail sites maintained by two of 
the largest retail banks in the United States. The study 
found that built-in plug-load controls would have minimal 
effectiveness in most locations, but that significant savings 
could be achieved using a combination of appropriate de-

vice power settings and equipment choices. The proposed 
approach does require an appropriately engaged tenant, 
but such tenants might be discouraged from investing in 
other more effective energy-savings measures because of 
the requirement to install plug-load controls.

INTRODUCTION

Energy usage from plug and process loads (PPLs) con-

tinues to rise as a percentage of overall consumption be-

cause the number and variety of electrical devices have 
increased along with the efficiency o f building systems. 
PPLs in commercial buildings now account for almost one 
third of U.S. commercial building electricity use (McKen-

ney et al. 2010). At the building level, they account for 
approximately 25% of the total electrical load in a mini-

mally code-compliant commercial building, and can ex-

ceed 50% in an ultra-high efficiency b uilding (Lobato 
et al. 2011). Minimizing PPLs is a critical part of the de-

sign and operation of an energy-efficient building.

To help control plug load, ASHRAE 90.1-2013 requires 
built-in plug-load controls in all new private offices, con-

ference rooms, print/copy rooms, break rooms, open-

office w orkstations, a nd c omputer c lassrooms. Specifi-

cally, 50% of all 15 and 20A receptacles and 25% of all 
modular furniture circuits must be controlled using either 
time schedules or occupancy sensors (ASHRAE 2013).

To understand the effectiveness of this recommendation, 
the authors studied several commercial office facilities oc-

cupied by two of the largest banks in the United States.

The study included both large administrative offices as

well as retail banking centers. The authors found the sav-

ings potential to be somewhat lower that that projected

by other recent researchers (Zhang et al. 2012). The au-

thors instead discovered that a robust study of various con-

trol strategies, such as the one presented in (Lobato et al.

2012) would be far more effective. Although requiring

plug-load controls built-in to the building can be more ef-

fective than relying on tenants to make appropriate deci-

sions, our study shows that engaged tenants can achieve

far greater savings using other measures. For example,

the authors found that appropriate global power settings

for monitors and imaging equipment managed by a cen-

tral IT group can achieve the same or greater savings than

that achievable through plug-load controls.

The remaining sections of this paper present the study ap-

proach and its findings. The first section describes the ap-

proach used for collecting data both in the laboratory and

in the field. The next two sections then present observa-

tions from open-office workstations and other areas in the

office environment. Conclusions are provided at the end.

SUMMARY OF FIELD STUDY

To understand the effectiveness of proposed plug-load

controls, the authors performed both dedicated laboratory

studies and field evaluations in a number of administrative

offices and retail locations operated by two large banks.

Both banks are extremely dedicated to corporate sustain-

ability, and they thus tend to be more heavily engaged in

energy savings than most commercial office tenants.

Laboratory tests were conducted using a detailed power

meter that samples voltage and current at a rate of 8kHz

and computes real and reactive power at 120Hz. Such

granular measurements allow specific physical behaviors

of the devices to be well understood. For example, Fig-

ure 1 shows the power consumption of a printer over a

four-minute interval. Note that the power demand in-

creases significantly from a very low baseline in nine short

bursts. This behavior results from the pulse-width mod-

ulation (PWM) control of a heating element inside the

printer that keeps the ink warm. As a result, the aver-

age power demand over a minute is on the order of sev-
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eral Watts. Detailed power measurements such as the one

shown in Figure 1 allow one to understand the source of

power consumption in given device.

Time in Minutes

Figure 1: Power demand from a shared printer recorded
at 120Hz.

Field tests were conducted using a network of Zigbee-

enabled devices made by PlugWise. Figure 2 shows one

these devices, which are simply placed between an out-

let and a load. These monitoring devices record the av-

erage power once per minute and form a mesh network

that sends the data back to a laptop placed a nearby me-

chanical room. Scripts on the laptop coordinate the data

collection and send data back to the research team using a

cellular modem.

Figure 2: One of the monitoring devices installed in the
field. Several such devices form a mesh network and send
data back to a laptop. Data from the laptop is relayed to
the research team via cellular modem.

Field studies were conducted in several facilities over the

course of nearly one year. Detailed laboratory measure-

ments were conducted throughout the study to help better

understand the observations in the field. Field measure-

ments were recorded in a variety of locations, including

call centers that operate 24/7, administrative offices that

follow typical five-day work patterns, and retail banking

centers that service customers either five or six days per

week. Monitoring devices were installed in several differ-

ent parts of each facility, including the following:

• Open-office workstations

• Breakrooms

• Vending areas

• Shared print facilities

• Digital signage

FINDINGS IN THE OPEN OFFICE

The authors studied the consumption in a number of open-

office environments in both administrative offices and re-

tail banking centers. Typical retail locations feature work-

stations with at least a desktop computer and an LCD

monitor. In some cases, there are ancillary electronic de-

vices such as card scanners, check scanners, and receipt

printers. In both the retail and administrative locations,

it is also common to find personal cell-phone chargers,

but corporate policies are such that other personal devices

such as mini-fridges, fans, and space heaters are removed

if found. In older offices, there are cubicles with built-in

task lights, but newer offices tend to be entirely open with

low partitions and small LED task lamps.

Desktop and Monitor Power
In the open-office environment, it is typically assumed

that desktop computers should be installed on non-

controllable outlets and other devices such as monitors

should be in the controllable outlets so that they can be

powered down when the user is away. Monitors are often

cited as one of the primary targets for built-in plug-load

controls (Zhang et al. 2012). Figure 3 shows the measured

power for a monitor in a typical open-office environment

in one of the retail banking centers over an 80-minute pe-

riod. Note that the power jumps to a level around 25W

when the computer itself is active. Corporate policies at

each of the banks require that the desktops enter a sleep

setting after a fixed amount of time has passed since the

machine was last used. The periods during which the

power is low in Figure 3 are those in which the connected

desktop machine is in its sleep mode. During these times,

the average power consumption of the monitor is approx-

imately 0.3W.

Figure 4 shows the consumption of two different desk-

top/monitor combinations over a typical 24-hour period.
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Figure 3: Power demand from a typical desktop monitor
in one of the retail banking centers.

The installed monitors are the same ones considered in

Figure 3. In both the top and bottom images presented in

Figure 4, there are two periods during which the monitors

are active. These are each indicated by the large, short-

duration increases in power demand. There are several

smaller increases in power demand that are believed to

be associated with either network activity or some sort of

activity inside the desktop itself. Note that in both cases

there is a minimum power level for the desktop/monitor

combination. In the upper graph, this power level is ap-

proximately 35W; in the bottom graph, it is approximately

11W. This minimum power level reflects the consumption

by both devices when the computer is in its sleep state.

There are several observations to be noted from Figures 3

and 4. First, with appropriate power settings and equip-

ment selection, the sleep-state power from a monitor is

negligible. Second, we note that the majority of the work-

station consumption comes from the sleep-state power of

the desktop. This power level is higher in the upper graph

because the two machines are different. The upper graph

was recorded in a facility in which all of the machines

had traditional magnetic hard drives. By comparison, the

bottom graph was recorded in a building with new com-

puters featuring solid-state hard drives (SSDs). This result

suggests that a significant impact can be obtained from an

appropriate equipment choice.

If we assume the increase in the power consumption in

the older computers and the newer computers is similar

when actual activity occurs, we can estimate the savings

from the new computers by comparing the baseline power

values. With a baseline power difference of 24W, one in-

stance of the newer computer reduces consumption some

210kWh over a year. In a typical retail environment with

approximately 20 such workstations, the overall reduction
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Figure 4: Power demand from two different open-office
workstations over a 24-hour period. The upper graph in-
cludes data from a computer with a traditional magnetic
hard drive. The bottom graph presents data from a mod-
ern computer with a solid-state drive.

would be about 4200kWh. In a typical banking center

with a 4000ft2 footprint, this amounts to an EUI reduc-

tion of 3.58kBTU/(ft2yr). This is a 4% reduction from

the median 88kBTU/(ft2yr) reported by CBECS (EPA

2018b) for retail bank locations. The change is even more

significant in new facilities designed to have high perfor-

mance.

Figure 4 also suggests that desktop computers consume

significant power even when in sleep mode. If these com-

puters could be shutdown or hibernated at night and on

the weekends, the power consumption could be even fur-

ther reduced. Computers are not placed on controllable

circuits because they cannot be routinely de-energized

by removing AC power without causing eventual dam-

age. It should be noted, however, that IT profession-

als can remotely energize and de-energize computers us-

ing appropriate software protocols. This would clearly

be a more effective option than installing plug-load con-

trols. In the case of the two computers included in Fig-

ure 4, a shutdown for 12 hours per day would reduce con-

sumption by 153kWh and 48kWh per computer, respec-

tively. Again, with 20 workstations in a 4000ft2 facility,

this represents EUI reductions of 2.61kBTU/(ft2yr) and

0.82kBTU/(ft2yr), respectively.
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Cell-phone chargers and other ancillary equipment

Plug-load controls are assumed to be useful for ancillary

devices such as personal cell-phone chargers and other

desktop equipment. Although this is certainly true, mod-

ern smart-phone chargers contain integrated circuits that

intelligently manage power demand and render plug-load

controls for these devices relatively useless.

To understand the operation of cell-phone chargers, sev-

eral detailed measurements were performed in the labo-

ratory. Figure 5 shows data recorded while charging two

different phones. The data presented in the top graph was

recorded using an older Kyocera flip phone, and the bot-

tom graph was recorded using a modern Samsung Galaxy

S8 smart phone. Each graph begins during a period when

the corresponding charger was plugged into the outlet but

no phone was connected. In the case of the older phone,

the power consumption during this time is observed to be

about 1.3W. In the case of the smart phone, however, the

power draw during this time is noted to be negligible. The

difference here is the intelligence embedded in the newer

smart-phone charger. In a modern office designed to serve

tenants over several decades, it is likely that most phones

would be of the latter variety and thus plug-load controls

would be relatively ineffective at reducing demand when

occupants do not have their phones connected.

Figure 5 also shows that charging demands higher power

in newer smart phones. This is to be expected, however,

as the batteries are larger. As charging moves to comple-

tion, the power level gradually drops. Once the phone is

charged, the power level drops to a steady value. In both

cases, this power level is higher than when the phone is

not connected. In the case of the smart phone, however,

the power level is only about 0.3W. In this case, plug-

load controls could provide some demand reduction, but

the overall impact would be minimal since most occupants

are likely to remove their phones when leaving the office

at night.

Other researchers have reported the existence of other

miscellaneous devices such as space heaters, portable

stereos, clock radios, and cordless telephones (Sanchez

et al. 2007). In the offices studied for this paper, phone

service is provided using voice-over-IP (VoIP) phones that

are not connected to any desktop outlet. Corporate poli-

cies strongly discourage other such devices, and space

heaters are removed if found due to fire concerns. If such

devices are found in the office environment, plug-load

controls are clearly useful. In the offices monitored in this

study, however, the existence of such devices is relatively

rare.

Task lights are also often cited in the literature as common

causes of excess plug load (Sanchez et al. 2007; Zhang

et al. 2012). In this study, the authors observed task lights

in older offices with cubicles. In all new construction and
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Figure 5: Power demand before, during, and after charg-
ing a cellular phone. Top: Kyocera flip phone. Bottom:
Samsung Galaxy S8 smart phone.

renovations, however, open-concept floor plans were used

that featured low partition heights and no overhead task

lights. Some desks did include small LED task lamps,

but these consumed less than 5W when energized. In

the nearly 100 workstations studied, only one LED lamp

was found to be energized throughout the study. It is be-

lieved that the lighting conditions in the open-plan offices

were likely sufficient that no additional task lighting was

needed.

CONSUMPTION FROM OTHER DEVICES

The authors also monitored the consumption in a number

of shared locations, including break rooms, print facili-

ties, and vending areas. This section includes results from

these studies.

Printing

Plug-load controls can potentially help to reduce the off-

hours power demand from devices such as desktop print-

ers. Best practices in office design, however, call for the

use of shared printers (Lobato et al. 2012). In modern of-

fices, these printers are usually multi-function imaging de-
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vices that can print, copy, scan, fax, and email documents.

These devices are also relatively sophisticated computa-

tional machines in their own right, featuring multi-core

processors. Best practices once again dictate that such de-

vices be de-energized using appropriate settings and not

simply by removing AC power from the outlet.

Figure 6 shows the power demand from a standard multi-

function imaging device in one of the bank facilities over

the course of a normal business day. Note that several

different states are observed. During certain short peri-

ods when the device is actively scanning or printing, the

power demand is extremely high, reaching several hun-

dred Watts. These periods are identified as ”active mode.”

During several other periods, the printer is in ”ready

mode,” and the PWM heating action described in Figure 1

is observed. The majority of the time, however, the printer

is simply in a ”sleep mode.” If a user approaches the ma-

chine to scan or copy a document, it will quickly wake up.

Similar behaviors will occur if the user sends a print job

from a workstation. Figure 6 shows how a well-managed

printer should behave.

Figure 6: Power demand from a typical shared multi-
function imaging device.

Through the EnergyStar program, the EPA requires imag-

ing devices to publish a Typical Electricity Consumption

(TEC) value, which is the weekly expected energy con-

sumption given an assumed number of print jobs. Figure 7

compares the measured and published TEC values for 20

EnergyStar printers monitored throughout the study. Each

TEC value assumes that printers are managed similar to

the manner shown in Figure 6. The majority of the dif-

ferences noted in Figure 7 are likely caused by the fact

that the device performed more or fewer jobs than that as-

sumed by the EnergyStar program (EPA 2018a). Notable

exceptions are printers 9, 13, and 14. Figure 8 shows the

demand from printer 9 over several days in March 2016.

Note that the printer remained in ready mode for several

days, including over a weekend. Upon a closer investiga-

tion, the printer was found to have a paper jam and thus

it remained in ready mode as it waited for the jam to be

cleared so that the rest of the job could be completed.

Most likely, however, the user discovered the paper jam

and simply used another printer. This result suggests that

managed print services are crucial for managing printer

power consumption as well as long-term reliability. In

this case, IT services is actually supposed to detect such

issues on a regular basis and address them. This result

shows that such behaviors can potentially be more impact-

ful than plug-load controls.

Figure 7: Measured and recorded TEC values for 20 En-
ergyStar printers.

Figure 8: Power demand from a print device having a
paper jam for multiple days.

Breakrooms
A number of breakrooms were also monitored as part of

the study. These typically include coffee makers, mi-

crowaves, toaster ovens, refrigerators, and televisions. For

devices such as microwaves and toasters, plug-load con-

trols would be ineffective as they effectively draw near

zero power when not in use. In the case of refrigerators,

power can not be removed without causing leaks and food

spoilage.

Coffee makers provide one natural target for load reduc-

tion. Figure 9 shows the annualized consumption for sev-

eral different coffee makers found in a large office tower.

Note that coffee makers generally behave according to a
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PWM-driven heating scheme. Thus, a large heating ele-

ment is energized periodically to maintain the water tem-

perature. If a coffee maker is left energized for any signif-

icant amount of time, it can thus consume significant en-

ergy. Figure 9 shows some interesting trends. The largest

consumption from a Bunn coffee maker that can simulta-

neously warm two pots of coffee. It is a device commonly

found in common areas and also in many roadside gas sta-

tions and convenience stores. If left energized, this device

will heat continuously. It is thus an ideal candidate for

plug-load controls, although an aftermarket timer-based

plug strip would be a far simpler and cheaper solution.
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Figure 9: Annualized energy consumption for several cof-
fee makers are different floors of a large administrative
office tower.

Figure 9 also shows energy consumption by several

newer, single-serve coffee makers made by Flavia and

Keurig. These devices have power settings that allow

them to be shutdown after an appropriate time of no use.

In three of the four cases shown in Figure 9, these de-

vices utilize the appropriate power settings and the power

consumption is clearly reduced, likely to levels that are as

good as those that would be achieved through plug-load

controls. In one of the cases (i.e. the 28th floor Flavia),

the power consumption was still quite high. In this case,

the power settings were not utilized and thus the consump-

tion was similar to that the of the older, more industrial

Bunn coffee maker. This result suggests that more modern

single-serve coffee makers are likely a better, cheaper op-

tion than plug- load controls. Discussions with represen-

tatives from both banks suggest that such single-serve cof-

fee makers are preferred by employees, and thus it makes

sense to utilize such devices.

Televisions and digital signage are also common in break-

rooms and other shared spaces, and these devices are of-

ten energized and left on 24/7. Figure 10 shows a typical

hourly consumption pattern for such equipment. In this

case, hourly energy consumption is shown for a circuit

serving a digital display. During the working hours, the

power level rises when the sign is actively displaying in-

formation to customers and employees. During the nights

and weekends, however, the power demand is still about

70% of its full value. Such consumption would seem to

be a perfect target for plug-load controls, but once again

removing AC power would be an inappropriate solution

that could damage the device. Instead, most televisions

and displays have power settings that allow them to en-

ter a sleep mode when not in use. This would be both an

effective and less expensive solution than installing addi-

tional plug-load controls. In this particular case, the load

could be reduced some 10kWh per week simply by en-

abling the appropriate settings.
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Figure 10: Hourly energy consumption over the course of 
a week for a typical digital sign.

Vending Machines
Another area in which appropriate controls can be effec-

tive is in vending machines. Vending Misers, which are 
devices that slow the cycling of the compressor in a refrig-

erated vending machine according to an occupancy sen-

sor, can provide significant r eductions. Figure 11 shows 
the impact of such devices. The top image shows how 
the Vending Miser impacts the power demand. Once it 
is installed, both the average power level and the com-

pressor cycling are reduced. The bottom graph shows the 
impact in several locations. In the two CIC locations, 
the impact is minimal. It is important to note that these 
locations are inside of a call center that operates 24/7. 
Employees are thus continuously in the break room and 
the effectiveness of the controls are thus minimal. In the 
other locations, the annual energy consumption is reduced 
by at least 35%. These results again show that controls 
can be cost-effective but should be selected appropriately. 
The Vending Miser is designed to appropriately cycle the 
compressor; a simple on/off outlet would not offer sim-

ilar safety for the compressor. Additionally, it is noted 
that controls are not effective in all locations, particularly 
those in areas with 24/7 occupancy.

CONCLUSION

This paper has described the findings of a large plug-load 
study conducted in administrative offices and retail loca-

tions operated by two of the largest banks in the United 
States. The results of this study indicate that the built-
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28th Floor 21st Floor

Figure 11: Impact of vending-machine measures. Top: 
Power consumption of a vending machine before and af-
ter the installation of a Vending Miser device. Bottom: 
Annual energy consumption for several vending machines 
with and without Vending Misers.

in plug load controls now called for in emerging energy 
codes are relatively ineffective in many locations. Ap-

propriate device power settings, equipment selection, and 
office l ayout c an b e u tilized t o a chieve g reater savings 
than that achievable through on/off controls that simply 
de-energize a given outlet.

It should be noted that the two banks in question have 
aggressive corporate sustainability goals, and thus they 
remain extremely engaged in reducing their energy de-

mand. It is likely that many tenants would not have such 
goals, and thus the controls could be more effective in 
those scenarios. In any event, however, the requirement 
to install plug-load controls can deter aggressive environ-

mental stewards from investing in other more effective 
measures. Their use can also encourage less environmen-

tally conscious tenants to miss more effective techniques 
that could have a far greater impact. In the coming years, 
it may be advisable to recommend more specific energy-

code measures such as the use of the device power settings 
noted here.

ACKNOWLEDGMENT

This material is based upon work supported by the Na-

tional Science Foundation under grant no. IIP-1161031.

REFERENCES

ASHRAE. 2013. ANSI/ASHRAE/IES Standard 90.1:

Energy Standard for Buildings Except Low-Rise

Residential Buildings.

EPA. 2018a. ENERGY STAR Qualified Imaging

Equipment Typical Electricity Consumption (TEC)

Test Procedure. https://www.energystar.gov/

ia/partners/manuf res/Imaging%20Equipment%

20TEC Test Procedure.pdf.

EPA. 2018b. U.S. Energy Use Intensity by Property

Type. https://portfoliomanager.energystar.gov/pdf/

reference/US%20National%20Median%20Table.

pdf.

Lobato, C., S. Pless, M.l Sheppy, and Torcellini P. 2011.

“Reducing plug and process loads for a large scale,

low energy office building: NREL’s research support

facility.” Proceedings of the ASHRAE Winter Confer-
ence.

Lobato, C., M. Sheppy, L. Brackney, S. Pless, and P. Tor-

cellini. 2012. “Selecting a Control Strategy for Plug

and Process Loads.” Technical Report.

McKenney, K., M. Guernsey, R. Ponoum, and J. Rosen-

feld. 2010. “Commercial Miscellaneous Electric

Loads: Energy Consumption Characterization and

Savings Potential in 2008 by Building Type.” Tech-

nical Report.

Sanchez, M., C. Webber, R. Brown, J. Busch,

M. Pinckard, and J. Roberson. 2007. “Space Heaters,

Computers, Cell Phone Chargers: How Plugged In

Are Commercial Buildings?” Technical Report.

Zhang, Y., C. Bonneville, N. Arora, and R. Higa. 2012.

“Integrated Lighting and Plug Load Controls.” Pro-
ceedings of the 2012 ACEEE Summer Study on En-
ergy Efficiency in Buildings.

© 2020 ASHRAE (www.ashrae.org) and IBPSA-USA (www.ibpsa.us). 
For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without 
ASHRAE or IBPSA-USA's prior written permission.

493




