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Executive Summary 
TrickleStar has developed a keyboard designed to save energy by automatically shortening the 
period of time between when a user steps away from a computer and when it goes to sleep. 
Ecos Research conducted laboratory testing, a literature review, and independent modeling to 
validate the TrickleStar keyboard’s performance and determine a range of likely real-world 
energy savings from using the keyboard with different computer configurations.  
 
Our laboratory testing confirmed that the device would successfully and consistently detect user 
presence or absence within a range of intended distances from the keyboard. It also was able to 
distinguish between a user near the keyboard (which should cause the computer to remain on) 
and a user working at an adjacent or distant workstation (which should be ignored by the 
computer). Its own incremental power consumption is low enough that it does not meaningfully 
impact the calculation of net energy savings. The TrickleStar keyboard achieves its key design 
objective of linking a computer’s sleep status to the presence or absence of a computer’s user, 
rather than just the amount of time that has elapsed since that user hit a key or the mouse. 
 
The TrickleStar keyboard offers potential energy savings across a wide variety of computing 
applications but is best suited to those applications that have the highest idle power for the 
largest number of hours per day, and thus high amounts of idle energy consumption. The figure 
below depicts our qualitative view of the opportunity landscape.  The applications with the best 
technical potential are the green boxes, and the font size roughly corresponds to the relative 
size of that potential market. Boxes shaded yellow are moderately promising.  Boxes shaded 
red are least likely to yield cost effective energy savings. 
 
 

Potential markets for the TrickleStar Keyboard 
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The most promising overall market segment for the TrickleStar keyboard is the very sizeable 
group of legacy desktop computers sold prior to California’s 2019 efficiency standards. We 
estimate average computer idle power savings for this market segment of 37.3 watts over 3,182 
hours per year, and monitor savings of 25.8 watts over 505 hours per year. Such a system 
would save approximately 128.5 kilowatt-hours per year by using the TrickleStar 
keyboard.   
 
Our literature review and analysis of energy consumption data for computers and monitors 
revealed a wide range of published estimates for the idle power consumption of typical desktop 
and laptop computers and their associated displays. Power management is widely enabled by 
the Windows or Apple operating systems at the time a computer and monitor are shipped, but 
prior research reveals that those settings are commonly switched off or set by their users to 
longer periods of inactivity before they take effect.  
 
CalPlug conducted a detailed study of the prevalence of power management on an assortment 
of institutional computers, and what levels of energy savings are achievable from a user 
presence-detecting device (specifically, an earlier generation of TrickleStar’s product). Drawing 
from CalPlug’s 2019 findings with a five-minute timer setting, we estimate that 3,182 hours of 
idle operation could be saved per year on average by the TrickleStar keyboard in commercial 
office and academic settings. This is the average of CalPlug’s 1,010 annual hours of measured 
idle mode savings on computers known to have power management enabled, and CalPlug’s 
5,353 annual hours of measured idle mode savings on “wild-type” computers that included a mix 
of those with power management enabled and those without. This average is deliberately 
chosen to be conservative; there will clearly be commercial settings in which the savings 
potential is higher. But it also recognizes the continued business, societal, and regulatory 
pressure to increase IT energy savings through more energy efficient computers and more 
consistent power management enabling. 
 
Savings from connected monitors add modestly to these totals. Computers with multiple 
monitors are increasingly prevalent and would offer additional energy savings beyond those 
estimated here. However, we find convincing evidence in the literature that monitor power 
management is much more widely enabled, and with shorter typical latency times, than 
computer power management. As a result, we assume 505 hours of annual savings potential 
from monitors – half of the hours of computer idle time that CalPlug found the previous 
generation TrickleStar device typically saved in computers known to be power managed.  
 
Reduction in HVAC energy, a secondary effect of reducing plug loads, is not included in our 
calculations. This effect can be significant, but depends heavily on climate, time of year, type of 
building, and type of HVAC system. For example, reducing plug loads in cooling-dominated 
commercial buildings operating in hot climates can typically save an additional 10–20 percent of 
energy on top of the direct plug load savings. 
 
We recommend that interested utilities pursue pilot projects in a commercial office environment 
focused on legacy desktop computers and workstations, especially those paired with multiple 
monitors, to determine how large and consistent the energy savings will be from the TrickleStar 
keyboard in the field. New IT management software may allow automated estimates to be 
gathered of the resulting energy savings without need for individual plug load monitors at each 
device. Given the complex interactions among user behavior, equipment selection, and 
equipment configuration by IT managers, the range of expected energy savings per computer is 
likely to be wide, but the average savings look promising enough to suggest cost effectiveness 
at expected price points for the keyboard. 
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Introduction 

TrickleStar engaged Ecos Research to perform an external, third-party analysis of the energy 
savings opportunity offered by its new keyboard with integral motion sensing of user presence. 
The design premise of the TrickleStar keyboard is that detecting user presence in front of the 
keyboard is a more promising, supplemental way of triggering the computer to go to sleep. 
Users routinely step away from their computers for short and long intervals of time during which 
their computers do not need to perform any function. The computer and connected monitor(s) 
could sleep during those periods, saving significant amounts of energy. Upon return to the 
computer, users can wake up the computer and monitor(s) as they normally would, with a 
simple key press or mouse movement.  
User absence detection is not intended to take the place of monitoring elapsed time since key 
press or mouse movement. It supplements it, with either event being able to trigger sleep after 
the selected period of time has elapsed. The TrickleStar keyboard offers three selectable time 
intervals:  30 seconds, 3 minutes, or 6 minutes via a slide switch on the underside, and a 
second switch to select PC or Apple computers. No software drivers or configuration are 
required. 
Our analysis consisted of three parts: 

1. Laboratory testing to determine product performance and power consumption. 
 

2. Review of prior CalPlug research and its report on testing of an earlier generation 
TrickleStar standalone motion sensing product to gauge the applicability of its findings 
about idle time savings to this product. 

 
3. Updating of baseline assumptions about computing products currently in use, drawing 

from recent publications of the California Energy Commission, ENERGY STAR, NRDC, 
and Lawrence Berkeley National Laboratories, to scale CalPlug’s energy savings 
estimates to present market conditions. 

 

Background 

ENERGY STAR launched its voluntary label for energy efficient products in 1992, with an initial 
focus on computers and monitors. That effort spurred a collaboration among the federal 
government, computer and monitor hardware designers, and operating system developers, to 
embed sleep capability in office equipment, allowing it to automatically drop into a lower power-
consuming state after a period of inactivity.1  In the decades since, software and hardware 
improvements have enabled rapid and increasingly convenient transitions between sleep and 
active modes, without the worry during the early years that the computer might freeze or crash 
in the process.2 

 
1 See https://www.energystar.gov/about/history/major-milestones  
2 The version 8 ENERGY STAR specification for computers now requires labeled laptops to be able to wake from 
sleep in less than 5 seconds and desktops to wake from sleep in less than 10 seconds. In practice, many computers 
are significantly faster than that. In addition, operating systems now offer “Power Nap” or similar capabilities for 
computers to wake briefly from sleep automatically and collect information over networks before returning to 
sleep, reducing latency when users return to sleeping computers to check email or text messages. 
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For nearly 30 years now, that premise has been a cornerstone of global efforts to save energy 
in computers and monitors, supplemented more recently by specifications that also target the 
power consumption of the devices when actively operating or idling. Even though power 
management is now ubiquitously enabled by operating systems when computers are shipped, 
those energy saving features are simply one of many readily adjustable software settings on a 
computer. All can be readily tailored to the preference of that computer’s user or IT manager at 
any time. 
The default settings may cause a monitor to go to sleep after 15 minutes and a computer to go 
to sleep after 30 minutes of no key presses or mouse movement. But simple slider adjustments 
in the operating system of Windows and Apple machines (see Appendix 2 for more details) can 
greatly lengthen those time intervals or eliminate sleep modes entirely, or can shorten intervals 
to capture even more energy savings. Users that find it annoying that their screens go blank or 
their computers go to sleep while they are sitting in front of them may switch off that feature, 
foregoing the resulting energy savings. The promise of automatic power management has yet to 
be fully realized.  
At the same time, computer power supply efficiencies have improved tremendously, monitors 
have transitioned from CRT technology to ever-better versions of LED-backlit LCD technology, 
and CPUs and network connections have become much better able to scale their power 
consumption automatically in response to changes in workload. These advances and others 
have led to fundamentally more efficient computers than were available 30 years ago. There are 
a number of reasons to believe that new computers will continue to improve in their as-shipped 
energy efficiency: 
California’s Tier I mandatory efficiency standards for computers and monitors were adopted in 
late 2016 and took effect on January 1, 2019. They required power management enabling and 
limited the annual electricity consumption of desktop computers, mobile gaming systems, and 
thin clients to a base level of 50, 80 or 100 kWh/year, with various adders granted above that 
depending on the degree of expandability and add-on capabilities offered.3  California’s Tier II 
standards took effect on July 1, 2021, driving further improvements in idle power, graphics card 
efficiency, and power supply efficiency to achieve lower permitted baseline consumption levels. 
The standards will extend to multi-screen notebooks, computers with high-speed networking 
capability, and monitors with high refresh rates in December 2021.4  A key product category 
they do not impact is custom built desktops – the types of machines originally built and 
continually modified by computer enthusiasts and gamers from individual motherboards and 
components they purchase separately and assemble. 
 
Other jurisdictions have adopted these standards as well.  The states where the standards are 
currently in effect – California, Vermont, Hawaii, Colorado and Washington – represent 16.5% of 
the US population.  Oregon, Massachusetts and the District of Columbia’s computer standards 
take effect in 2022, bringing with them another 3.6% of the US population.  Maine and Nevada’s 
standards add another 1.3% of the US population in 2023, suggesting that the energy efficiency 
standards for computers and monitors originally adopted in California will cover 21.4% of the US 
population by that time, all at Tier II levels.5 
 

 
3 Thomas Claburn, “Dell won’t ship energy-hungry PCs to California and five other US states due to power 
regulations,” The Register, 7/26/21, https://www.theregister.com/2021/07/26/dell_energy_pcs/.  
4 Ace Resources, Title 20 Fact Sheet:  California Appliance Efficiency Regulations – Computers, 6/9/21. 
5 See https://appliance-standards.org/product/computers-and-computer-systems.  
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The Tier II standards are significantly more difficult for manufacturers to meet than the Tier I 
standards, but are defined and specified in a way that makes it difficult to compare them with 
the stringency of ENERGY STAR’s corresponding requirements.  The Tier II standards took 
effect recently enough that there has not yet been enough time to verify compliance rates.6  
While some manufacturers may be checking closely to verify that only compliant systems are 
being shipped directly to final customers living in states with mandatory standards in effect, 
others may be less vigilant. Similarly, while some brick and mortar retailers like Best Buy stock 
only ENERGY STAR computer models, and would therefore be more likely to have only 
computers meeting the California standards in their stores throughout the country, other 
retailers may not yet be aware that they need to restrict shipments of certain computer models 
to stores in certain states.7  Until the California Energy Commission conducts more detailed 
enforcement audits in this product category, it will be difficult to estimate compliance levels. 
 
At the same time, ENERGY STAR has continued to tighten its voluntary labeling requirements 
for computers and monitors, making its most recent Version 8 specification effective in October 
2020. ENERGY STAR estimated in 2019 that 26% of available standalone and integrated 
desktop computers would be able to meet its version 8.0 specification.8  The California investor-
owned utilities commented to ENERGY STAR in August 2019 that approximately half of all the 
desktop computers and 94% of all the notebook computers sold in California and the other 
states that had adopted its efficiency standards would already meet the proposed ENERGY 
STAR draft 2 efficiency levels for version 8.0.9 
 
The percentage of total screen time occurring on mobile devices like cellular phones, tablets 
and unplugged laptop computers continues to rise, and mobile devices tend to draw significantly 
less power than their desktop computer counterparts, making that segment of the market a less 
promising opportunity for idle mode energy savings.  However, legacy desktop computers 
continue to offer very compelling energy savings opportunities. ENERGY STAR assumes an 
average service lifetime of 5 years for desktop computers, 3 years for laptops, and 7 years for 
monitors, so it is highly likely that the vast majority of desktop computers and monitors still in 
use today were manufactured prior to California’s energy efficiency standards or the most 
recent ENERGY STAR revisions.10  They represent the most compelling single market target for 
the TrickleStar keyboard precisely because of their relatively higher idle power levels, lower 
enabling rates of power management, and large share of the current stock of computers. 
 
The CEC noted when adopting its standards that computers and monitors represented 3% of all 
residential and 7% of all commercial electricity use in the state.11  DOE’s official estimates 
ascribe an average annual energy use of 220 kWh to desktop computers and 62 kWh to 
portable computers, according to the Appliance Standards Awareness Project (ASAP), which 
also estimates that 420 million computers and monitors are now found in US offices, schools 

 
6 Personal communication, Chris Granda, Energy Solutions, 12/17/21. 
7 Person communication, John Clinger, ICF International, 12/17/21. 
8 ENERGY STAR, Version 8.0 Draft 2 Specification Webinar, 7/25/19. 
9 Patrick Eilert (PG&E), Michelle Thomas (SCE), and Kate Zeng (SDG&E), comment letter to Ryan Fogle, ENERGY 
STAR, regarding the version 8 ENERGY STAR computer specification final draft, 10/2/19, available at 
www.energystar.gov/products/spec/computers_version_8_0_pd. 
10 Person communication, John Clinger and Abhishek Jathar, ICF International, 12/17/21. 
11 California Energy Commission, Staff Report:  Final Analysis of Computers, Computer Monitors, and Signage 
Displays, 2016 Appliance Efficiency Rulemaking, Docket Number 16-AAER-02, 9/9/16. 
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and homes.12  So there remains an enormous opportunity to achieve energy savings in the 
desktop computers built prior to the recently adopted CEC Tier II standards and ENERGY 
STAR version 8.0 labeling program through approaches such as supplemental power 
management.   
 

Our Testing 

Ecos Research tested two samples of prototype TrickleStar keyboards in home, office, and 
laboratory settings, while placed at various heights on a traditional sitting desk, a standup desk, 
and a dining room table. We tested them with Apple MacBook Pro and iMac computers, as well 
as with a Windows laptop. 
The Acconeer A1 radar sensor chip13 embedded in the keyboard has a rated power 
consumption of <1 mW, which helps to explain why the keyboard did not meaningfully increase 
the idle power consumption of the computer we tested it with, relative to a standard USB 
keyboard. Our Yokogawa power analyzer is capable of measuring milliwatts accurately, but the 
moment-to-moment variation in a typical computer’s idle power level can easily exceed the 
incremental power consumption of this radar chip, making it difficult to notice an impact on idle 
power measurement over time. We conclude that the TrickleStar keyboard does not draw 
enough additional power relative to a traditional USB keyboard to impact energy savings 
estimates for it.  
The TrickleStar keyboard performed as claimed by the manufacturer at its three different 
timeout settings (30 seconds, 3 minutes, and 6 minutes), with the power button in the upper 
right corner of the keyboard flashing 5 times shortly before the keyboard initiates computer 
sleep mode (S3, not hibernate). Labeling of the adjustment switch to further clarify which 
position corresponds to which timeout setting may be beneficial. 
Windows’ current choices for computer sleep delay are:  1 minutes, 2 minutes, 3 minutes, 5 
minutes, 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30 minutes, 45 minutes, 1 hour, 2 
hours, 3 hours, 4 hours, 5 hours, or Never. Separate choices can be made for plugged-in or 
battery-powered operation. Windows offers the same wide range of choices for when to put the 
built-in display to sleep. So the TrickleStar timeframes of 30 seconds, 3 minutes and 6 minutes 
are shorter than virtually all of the choices offered by Windows, increasingly the likelihood that a 
TrickleStar keyboard user would achieve meaningful idle time savings relative to existing power 
management software. 
 

 
12 See https://appliance-standards.org/product/computers-and-computer-systems, Product fact sheet:  Focus on 
computers and monitors. 
13 See www.acconeer.com/products  
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Our testing confirmed that the PC/Mac switch must be set to the correct position to ensure 
proper operation with each operating system. Sleep mode was not triggered by the keyboard on 
a PC when the keyboard was in the Mac position or on an Apple computer when the keyboard 
was in the PC position. The keyboard layout is standard and familiar to PC users, while 
including duplicate labeling for the option and command keys typical of Apple keyboards.  
The keyboard detects user presence within a range of vertical and horizontal angles wide 
enough and far enough away to capture plausible user usage patterns.  
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Even users that prefer to work far away from or off-axis from their computer monitors still need 
to maintain proximity to the keyboard itself to operate it. The TrickleStar keyboard detects the 
presence of users that are as much as 60 degrees horizontally off-axis from the front of the 
keyboard, within a distance of 1 meter. It generally detected the presence of users even farther 
away if they were directly in front of the device or slightly off-axis. We verified that it would not 
detect and be fooled by a second user far enough away to be working at an adjacent cubicle or 
workspace. 
We also found that the radar sensor has clear visibility to the user in lines of sight parallel with 
or above the desk surface, but is not intended to detect user presence below the horizon line of 
the desk (likely due to desk materials absorbing or reflecting radar frequencies), unless the 
keyboard is placed at the very front of the desk and can “see” unobstructed downward. 
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There is no visible indication on the front of the keyboard as to where the radar sensor might be 
found. We were able to locate a plausible location for the radar sensor based on infrared 
imaging we conducted of the keyboard in operation. Either because radar frequencies (60 GHz) 
are relatively close to infrared frequencies on the electromagnetic spectrum or because the 
radar sensor emits a small amount of heat in operation, it shows up as a faint glow on infrared 
images of the front of the keyboard in a central location, immediately below the ALT key: 
 

 
We note only two caveats regarding its suitability to a wide variety of office or home office 
environments. The first is that foam-based keyboard wrist rests placed directly in front of the 
TrickleStar keyboard interfered moderately with its ability to detect user presence, particularly 
for users that might be sitting farther away or off axis from the immediate front of the unit. The 
radar sensor could detect a user up to 1 meter away, if the user was perpendicular to the 
keyboard, when a foam-based keyboard wrist rest was placed approximately an inch in front of 
the keyboard. Off-axis sensing was occluded however: 
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When the wrist rest was made of a more dense gel material instead, the user could only be 
detected immediately in front of the keyboard, and was not detected at a distance of 1 meter, or 
anywhere off axis. Denser, gel-based keyboard wrist rests interfered more extensively with the 
TrickleStar keyboard’s ability to detect user presence, unless they were immediately in front of 
the unit at all times, at close range.  
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For that reason, we would advise TrickleStar and utility program managers to recommend 
against the use of separate keyboard wrist rests in tests of this unit, and include guidance on 
this in the product manual. 
Secondly, we observed that pets seated adjacent to or immediately behind the user and at a 
similar height could fool the TrickleStar unit into believing a user was still present if they 
remained in place when the user moved away from the computer. So the sensed “user” need 
not be as large as a person to be observed by the keyboard. We believe this condition to be 
somewhat rare in the field, because pets resting on the floor near the user would not be 
detected by the radar unit, whose wavelengths were unable to penetrate through typical desk or 
table surfaces to detect motion below the table line of sight. 

Comparing Our Testing to CalPlug’s Measurements 

CalPlug found effective power management savings from the earlier generation standalone 
TrickleStar motion sensor monitoring device when paired with Windows computers.  However, 
sleep mode triggering required additional user action on Apple computers due to a quirk in the 
Apple operating system at the time. Subsequent revisions by Apple or TrickleStar appear to 
have remedied this problem, as the TrickleStar keyboard triggered sleep mode consistently and 
reliably in our testing, whether paired with Windows or Apple computers. Our Apple laptop and 
desktop computers utilized the MacOS Big Sur version 11.6 and Monterey version 12.0.1, 
whereas the older Apple MacBook Pro computers tested by CalPlug utilized OSX Snow 
Leopard and OSX High Sierra.14 
The standalone TS1910 Motion Sensor measured by CalPlug employed a Suren motion sensor 
processor and passive infrared sensing device, whereas the current TrickleStar keyboard 
employs an embedded radar sensing device. Nothing in our testing suggested that changing the 
sensor’s location from mounted on the monitor or desk surface itself to being embedded within 
the keyboard itself would reduce its ability to detect the presence of a user. If anything, our 
laboratory testing confirmed that user orientation and proximity a keyboard is likely to be more 
consistent than user orientation and proximity to a monitor (possibly one of multiple monitors 
being used), or to an unspecified location on the desk itself. Consistency and repeatability are 
likely higher with the keyboard-integrated design, with the radar sensing demonstrating high 
sensitivity and specificity. 
 

Quantifying the Energy Savings Opportunity 

The energy savings opportunity from this product stems from the fact that computers draw 
significantly more power in idle than in sleep mode. There are two key factors: how many 
annual hours can be converted from idle mode to sleep mode, and the power consumption 
difference between these two modes.  The product of those two factors is idle energy, which 
represents the majority of annual energy usage in most computers. 
There were about 72 million desktop computers and 122 million portable computers in use in 
the United States in 2017, but the desktop computers accounted for 18 TWh of annual energy 
consumption, compared to 5.1 TWh for the portable computers.15  So the energy usage and 

 
14 California Plug Load Research Center (CalPlug), USB Motion Sensor Computer Energy Management System: 
Technology Evaluation Report, 6/17/19, pp. 14-15. 
15 Bryan Urban, Kurt Roth, Mahendra Singh, and Duncan Howes, Energy Consumption of Consumer Electronics in 
U.S. Homes in 2017, Fraunhofer USA Center for Sustainable Energy Systems, 2017. 
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savings opportunities are squarely concentrated within desktop computers and their associated 
monitors. 
 
The data about how much time can be saved from active occupant presence monitoring come 
from CalPlug. The power savings analysis, on the other hand, required supplemental research 
on our part to determine how recent public policy and program changes have impacted typical 
idle and sleep mode power consumption levels since the CalPlug research was conducted. 
Those two aspects of the calculation are discussed separately below. 
 

How Much Time Can Be Shifted from Idle to Sleep Mode? 

The current ENERGY STAR sleep/alternative low power mode requirements for desktops, 
notebooks, thin clients, and workstations state that sleep mode must activate after no more than 
30 minutes of user inactivity, and that display sleep mode must activate after no more than 15 
minutes of user inactivity. These two levels therefore represent the base case of savings that 
would occur anyway in computers compliant with ENERGY STAR and CEC requirements.  
ENERGY STAR relies on data sets from its industry partners that contain millions of anonymous 
computer users worldwide.  The data set contains information about the percentage of time the 
average computer spends in each operating state, helping ENERGY STAR develop duty cycle 
assumptions for the amount of time computers spend in active, short idle, long idle, sleep and 
off modes.  According to the most recent analysis of this data set earlier in 2021, power 
management is more than three times as likely to be disabled on computers running Windows 7 
as it is on computers running Windows 10 and 11, where enabling rates are very high.16  This 
suggests that legacy computers running older operating systems continue to be the most 
promising target for retrofit devices like the TrickleStar keyboard that seek to reduce the time 
computers spend idling. 
However, a large but difficult-to-determine percentage of desktop and laptop computers have 
their power management disabled entirely or modified to be less aggressive than ENERGY 
STAR’s default requirements. This can occur for a number of distinct reasons: 

• Power management was not enabled by default when the device was originally shipped 
(increasingly unlikely due to mandatory efficiency standards making it too inconvenient 
for manufacturers to ship computers configured one way in part of the country and 
another way in the rest). 
 

• IT staff or network administrators may disable or modify power management settings 
across all machines installed on their network to ensure uniformity of operation and 
ready accessibility for software updates, file backups, and user support sessions (still a 
very prevalent situation in many corporate and institutional settings). By the same token, 
software tools such as Microsoft’s System Center Configuration Manager also enable IT 
managers to automatically deploy more aggressive or restrictive forms of power 
management, including preventing individual users from changing their settings, if 
needed to meet their institution’s energy saving objectives. This can even include 
specifying peak demand periods of time during which networked equipment is expected 
to power manage aggressively to minimize operating costs.17 

 

 
16 Personal communication, John Clinger, ICF International, 12/17/21. 
17 See https://www.prajwaldesai.com/sccm-power-management-guide/.  
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• Individual users may intentionally change or disable their power management settings to 
improve convenience, minimize annoyance, or otherwise improve perceived 
functionality. This may more commonly occur with gamers, scientific users, 
cryptocurrency miners, server operators, and other “power users” that want to ensure 
their computers continue functioning at full capability even when unattended for 
extended periods of time. Appendix 1 and Appendix 2 address more specifics about 
gaming computers/workstations and operating system power management 
considerations respectively. 

 

CalPlug’s Prior Research 

CalPlug documented a particularly strong disparity between computer users’ perception of how 
fully they are utilizing computer power management, and what was actually occurring on those 
computers: 

Researchers examined the power settings of 125 office desktops, and remotely 
monitored the power states of 119 of the computers for several weeks. Participants also 
completed questionnaires. Power state monitoring shows that desktops were off an 
average of 16 percent of the time and in sleep mode for 7 percent. The majority of time 
(61 percent) was spent on but user-inactive. While 84 percent of these participants had 
reported using automatic settings in the earlier survey, only 20 percent of their desktops 
had any automatic settings enabled. A minority of computers exhibited manual use of 
sleep mode and 25 percent of computers exhibit some manual shutdown or 
hibernation.18 

CalPlug summarizes a plethora of prior studies (pages 10 to 13 of their cited report) from 
government agencies, federal laboratories, consulting firms, universities, and international 
researchers confirming that computer power management is far less widely and aggressively 
enabled in the field than we might think, given that it is enabled by default in the majority of 
desktop and laptop computers when they leave the factory. Individual users or corporate IT 
managers routinely change those settings to either activate automatically after longer periods of 
inactivity or not at all, unless triggered manually by the user. Thus, there is an unmet market 
need for a device that can deliver power management automatically across a range of different 
computer types, regardless of operating system and software settings, and in a manner less 
likely to frustrate users than software watching only for keystrokes or mouse clicks. Such current 
software can often have the effect of blanking the screen or putting the computer to sleep of a 
user that may be thinking, reading, talking on the phone or otherwise not actively typing, but still 
sitting in front of the computer and making use of the information on its screen. 
We relied principally on prior research by CalPlug for the time portion of our energy savings 
calculation, since CalPlug extensively tested a prior generation, externally mounted product 
from TrickleStar in 2018-2019 that also sensed user presence and automatically triggered 
computer sleep. CalPlug’s study determined how extensively power management was already 
enabled on an assortment of university computers, and then quantified the idle mode time 
savings resulting from typical users’ behavior interacting with the presence sensor.19 

 
18 Joy E. Pixley and Stuart A. Ross, University of California Irvine, Monitoring Computer Power Modes Usage in a 
University Population, California Energy Commission, Publication number: CEC-500-2014-092, 2014. 
19 California Plug Load Research Center (CalPlug), USB Motion Sensor Computer Energy Management System: 
Technology Evaluation Report, 6/17/19. 
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Such savings are challenging to estimate without directly monitoring user behavior and 
computer operating state, because the energy savings occur in many small batches during the 
intervals when a user moves away from his or her computer. Those time periods need to be 
long enough for the TrickleStar device to trigger sleep, but short enough that they would not 
have otherwise triggered sleep under that particular computer’s existing power management 
settings. 
CalPlug observed major differences in the amount of time computers spent idling in their study, 
based on whether or not power management was enabled on those computers. In the following 
CalPlug figure, the energy savings opportunity can be captured by shifting as much of the 
purple shaded idle time into blue shaded CPU sleep time as possible: 
 

 
 
It is implausible to convert all idle time to sleep of course. Many of the individual idle periods 
observed by CalPlug were too short to trigger 3 or 6 minute thresholds on the TrickleStar 
keyboard. CalPlug was able to monitor periods of time during which computers were running but 
idle, in computers with and without power management enabled, for various periods of time. Its 
conclusion was that about 22% of all idle events observed on computers are 5 minutes or less 
in duration, with about 78% being longer than 5 minutes, as shown in the figure below:  
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Not only were the users that enabled power management reducing the time their computers 
spent idling, but they were also significantly more diligent about shutting those computers off 
manually, particularly on weekends. With properly power-managed computers only observed to 
be idling 10 to 12% of the time, it is safe to assume that these computers are not a key market 
for the TrickleStar keyboard.  
On the other hand, in computers where power management is not enabled and their users 
cannot reasonably be persuaded to enable it, the energy savings potential is much more 
promising. However, the user experience must be kept in mind, to avoid disconnection of the 
keyboard and loss of any savings. The 30 second setting option on the TrickleStar keyboard is 
most at risk for that sort of backlash in any commercial setting where security requires a 
password or biometric authentication whenever a computer resumes from sleep. By contrast, 
the 3 and 6 minute settings on the keyboard are more directly comparable to the shortest (5 
minute) interval CalPlug evaluated with the earlier generation power management device.  
We note from our review of the CalPlug study a series of advantages and limitations to relying 
on it for forecasting energy savings from the present generation TrickleStar keyboard. The 
advantages include: 

• CalPlug conducted a careful assessment of how the computers were being used, and 
therefore how many minutes of computer operation could be saved by a device that 
closely monitors user behavior to catch large numbers of small minutes of savings 
(bathroom and meal breaks) as well as small numbers of large minutes of savings 
(overnight or away from the office or home intervals not otherwise being captured if 
power management is disabled). 
 

• CalPlug included useful data about the mix of different computer types observed, the 
typical power consumption in each mode of each, and citations of studies showing 
widespread disabling of power management features. They also included an insightful 
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discussion of the often sharp disagreement between user surveys of power 
management enabling and what independent research has actually noted in the field. 

 
• CalPlug conducted verification of how the Tricklestar device works electrically and 

mechanically, and what its potential would be to generate additional energy savings in 
conjunction with a smart plug strip from associated peripherals. 

 

The limitations include: 
 

• Age:  Modeling was based on a 2014 data set, meaning that virtually all of those 
computers are no longer in use today. Migration to lower power mobile devices has been 
extensive since that time, amplified by the pandemic shift toward far more at-home work. 
 

• Sample size:  115 university staff workstation computers were included, of which 16 had 
sleep power management enabled and set. 

 
• Sample representativeness:  all computers studied were in a university setting, so some 

care needs to be taken in extrapolating conclusions to other types of commercial and 
residential users. 

 
• Sales mix:  Apple market share has grown steadily since the CalPlug study was done, 

and its computers may have lower idle power consumption than their PC counterparts. 
For example, Apple’s current generation 13 inch MacBook Pro idles at 3 watts, its 
MacMini compact desktop idles at 6.4 watts, and its 24” iMac idles at 22.1 watts, 
including the built-in display. 

 
• Operating system changes:  Microsoft and Apple have made steady changes to the way 

they enable power management by default in recent years, including the idle time before 
sleep mode is triggered (see Appendix 2). 

 

Additional Research into Computer Usage Patterns 

As with traditional forms of computer power management that rely on keystroke, mouse 
movement, or mouse click detection to gauge inactivity, the TrickleStar keyboard monitors an 
aspect of individual behavior that is expected to vary widely across users. Some users will 
remain in front of their computers for long periods of continuous time (and therefore rarely 
trigger the TrickleStar-initiated sleep mode until they physically get up and move away from their 
work area. Other users are more likely to become distracted by other activities (telephone 
conversations, in-room conversations, reading or manually editing physical documents, etc.) 
even while remaining seated at their computers. In that situation, traditional power management 
may still put the display and computer to sleep even if the TrickleStar keyboard does not. It is 
helpful that these forms of power management are not mutually exclusive. Either can shut the 
computer down if it detects inactivity, rather than both forms of detected inactivity needing to be 
found to authorize sleep mode. 
The fact that TrickleStar’s default inactivity periods are shorter than those found in Windows or 
MacOS is an advantage, and should yield additional energy savings. In our experience and 
observations, users in a commercial office, home office or school environment routinely get up 
from their desks for periods of time they intend to be short. They may take bathroom breaks, 
answer the door, help a nearby individual with a request, meet with a colleague, prepare food, 
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check on laundry, answer the phone, do exercise indoors, etc., only to find that something else 
has diverted their attention and delayed their intended return to the computer. It is in those 
situations that TrickleStar offers significant energy savings potential, particularly on computers 
where traditional power management has otherwise been lengthened or disabled entirely. 
While it is difficult to estimate the frequency of interruption for average or typical office workers, 
some online estimates have been compiled and published. Peoplehr.com reports its 
calculations, based on data from online timesheet provider dovico.com, that the average person 
experiences 50 to 60 separate interruptions per day, and that each interruption requires an 
average of 5 minutes to deal with. Thus, total interruptions add up to more than 4 hours of each 
working day – many of which would be long enough for the TrickleStar keyboard to achieve 
some meaningful sleep time.20 
Other online resources estimate different frequencies of interruption or task switching:  4 to 12 
times per hour,21 every 3 minutes and 5 seconds,22 every 6 to 12 minutes,23 or even a total of 
6.2 hours per day according to one estimate.24  
More specific studies have been conducted on how often workers tend to get up from their 
desks, which are the data most directly applicable to TrickleStar savings estimates. 
Researchers in a 2014 study of 105 full time office workers found that they average 5.8 hours of 
sitting at their desk compared to a total time spent at work of 8.7 hours. On average, employees 
got up from their desk 3 times/hour or 29 times altogether over the course of the day. The 
researchers found that employees averaged an hour or more of consecutive sitting only 0.69 
times per day, creating numerous opportunities for computer and monitor sleep during the 
periods when they were away from their desks.25 
Other studies report that employees spent an average of nearly 7 hours per day seated while 
working – an amount of sedentary time that is increasingly being targeted by HR professionals’ 
fitness trackers, and cellphone applications as “unhealthy” when workers are being advised to 
stand up from their desks at least every 30 minutes for health reasons.26 
Collectively, this behavioral research supports the CalPlug findings that a device monitoring 
computer users’ presence at the computer can put that computer to sleep for significant periods 
of additional time compared to traditional power management schemes and enabling rates. 

Expected Time Savings from the TrickleStar Keyboard 

Drawing from CalPlug’s 2019 findings with a five-minute timer setting, we estimate that 3,182 
hours of idle operation could be saved per year on average by the TrickleStar keyboard in 
commercial office and academic settings. This is the average of CalPlug’s 1,010 annual hours 
of measured idle mode savings on computers known to have power management enabled, and 
CalPlug’s 5,353 annual hours of measured idle mode savings on “wild-type” computers that 
included a mix of those with power management enabled and those without. This is a more 
conservative way to estimate potential hours of savings than choosing a midpoint between the 
hours saved by computers known to have power management disabled and hours saved by 

 
20 See https://www.peoplehr.com/blog/2016/05/12/the-real-cost-of-interruptions-at-work/  
21 https://www.spica.com/blog/interruptions-at-work 
22 https://www.washingtonpost.com/news/inspired-life/wp/2015/06/01/interruptions-at-work-can-cost-you-
up-to-6-hours-a-day-heres-how-to-avoid-them/  
23 https://hbr.org/2020/06/a-plan-for-managing-constant-interruptions-at-work  
24 https://www.nexalearning.com/blog/bid/50317/6-startling-statistics-about-interruptions-at-work  
25 https://pubmed.ncbi.nlm.nih.gov/24184748/  
26 https://gominimalistoffice.com/how-often-should-you-stand-up-from-your-desk/  
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computers known to have it enabled. There will clearly be commercial settings in which the 
savings potential is higher, and others in which it is lower. But this estimate also recognizes the 
continued business, societal, and regulatory pressure to increase IT energy savings through 
more energy efficient computers and more consistent power management enabling.  As a 
greater percentage of all computers in use steadily migrate to newer operating systems, the 
degree of power management enabling is likely to rise. 
 
We find convincing evidence in the literature that monitor power management is much more 
widely enabled, and with shorter typical latency times, than computer power management. The 
California Energy Commission estimates that computers currently only sleep for 5% of all hours 
in the year but that monitors sleep for 51 to 58% of the hours in a year, for example.27  Likewise 
CalPlug conducted a recent field trial in which 96 to 99% of the 288 participants were found to 
already have monitor power management enabled, vs. 10 to 21% that already had computer 
power management enabled.28  As a result, we assume 505 hours of annual savings potential 
from monitors – half of the hours of computer idle time that CalPlug found the previous 
generation TrickleStar device typically saved in computers known to be power managed. 

Calculating Power Savings from Getting Idle Computers to Sleep 

We conclude that mobile devices are not likely to be a key market focus for this product, for 
three reasons: 

• Lower default power consumption of mobile components yields less absolute power to 
save when migrating them from idle to sleep mode. 

• More aggressive default power management settings are typically found in mobile 
computers, particularly when operating in battery mode, to conserve battery life. 

• Frequent “untethered” operation in battery mode, in mobile locations without associated 
external display(s), keyboard, and mouse, means fewer hours during which the 
TrickleStar keyboard could trigger faster sleep. The explicitly portable and compact 
nature of the devices makes it unlikely that they would ever be used with an external 
keyboard of roughly similar or larger dimensions to the computing device itself. 

By contrast, a routinely “tethered” high performance laptop paired with more than one external 
monitor, an external keyboard and mouse, and possibly external speakers at a desk-centered 
docking station or hub would likely be a possible candidate for use with this keyboard, though 
standard desktop computers used in typical office, educational or home applications with those 
same external peripherals would offer even greater energy savings potential.  
At the opposite extreme, very high-powered gaming computers and scientific computers are 
also less likely to be paired with this device. In some cases, their users would be seeking out 
specialized keyboards with gaming-specific functions and keys, while in other cases they would 
avoid power management simply because they intend for their computers to carry long and 
computationally intensive tasks unattended, and do not wish for those to pause when the users 
are away from their computers. 
Within desktops, there are strong reasons to favor legacy computers and workstations built prior 
to the recent adoption of California’s Tier II mandatory efficiency standards and ENERGY 
STAR’s voluntary version 8.0 labeling specification. The effect of those policies has been to 

 
27 CEC, Staff Report, pp. 35, 89. 
28 Joy Pixley, Sergio Gago Masague, and Raquel Fallman, University of California Irvine, Field Test of a New User 
Interface for Computer Sleep Settings, 2018 ACEEE Summer Study on Energy Efficiency in Buildings, pp. 8-8 and 8-9. 
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sharply reduce typical idle power consumption in newer computers, but the amount of time 
those newer computers have had to penetrate the existing stock is modest. 
Though it is difficult to arrive at a precise estimate for the typical idle power consumption of 
legacy desktop computers, a number of organizations published independent estimates of that 
value in the 2016 to 2018 timeframe. The California Energy Commission estimated 50 watts for 
typical desktop computers in its 2016 Staff Report supporting its mandatory efficiency standards 
for computers and monitors, while also detailing the short idle mode power consumption in a 
typical midrange desktop of 41.8 watts.29  ENERGY STAR estimated 48.1 watts of idle power 
for desktop computers that did not meet its v. 7.0 labeling specification and 27.1 watts for those 
that did.30  NRDC characterized typical desktop computer idle power consumption as 31 watts in 
its July 2016 report on computer efficiency. We averaged those values to arrive at a typical 
legacy desktop computer idle power of 39.6 watts. 
Corresponding power consumption data for legacy monitors and CEC standards-compliant 
monitors in on/idle mode and in sleep mode are taken directly from the CEC staff report, 
weighted by the prevalence of different sizes and types of monitors in California.31  ENERGY 
STAR’s monitor consultants estimate that the average new computer monitor meeting its 
version 8.0 specification uses only 7% less energy than the average new computer monitor that 
fails to meet ENERGY STAR, so the power consumption of most new monitors has begun to 
plateau at low levels.  Remaining opportunities for savings seem to reside primarily in the 
highest performance monitors, where the combination of large screen size, high brightness, 
high resolution, and high refresh rates can still yield significant power consumption and 
relatively less stringent public policy efficiency requirements.32 
Savings from connected monitors add modestly to the idle power savings from computers. 
Multiple monitors are increasingly prevalent and would offer additional energy savings beyond 
those estimated here. Data on the prevalence of multiple monitor setups in residential or 
commercial settings are very difficult to find, but anecdotal evidence suggests that hardware 
and software support for multiple monitors is ubiquitous in computers manufactured over the 
last decade, making multiple monitors increasingly widespread and frequently not limited to just 
two.33  The California Energy Commission estimates there were 9.6 to 12.8 million desktop 
computers in use in the state in the 2011 to 2013 timeframe, for example, but 25.2 million 
computer monitors. Its data sources for notebook computer numbers reported widely divergent 
estimates of 8.6 to 20.6 million notebook computers in use in the state during that same 
timeframe.34  So these values are broadly consistent with an estimate that perhaps half of all 
desktop and laptop computers in California were paired with an extra display.35  We omit 
inclusion of multiple monitors in savings estimates as a conservatism, but systems with multiple 

 
29 CEC, Staff Report, pp. 1, 44. 
30 ENERGY STAR, ENERGY STAR Computer Power Management Savings Calculator, 
www.energystar.gov/products/power_mgt/LowCarbonITSavingsCalc.xlsx, accessed 5/20/18.  
31 CEC, Staff Report, p. 96. 
32 Personal communication, John Clinger and Abhishek Jathar, ICF International, 12/17/21. 
33 See www.technipages.com/how-can-i-tell-if-my-computer-supports-dual-monitors and  
www.pcworld.com/article/427549/how-to-create-an-insane-multiple-monitor-setup-with-three-four-or-more-
displays.html   
34 CEC, Staff Report, pp. 10, 94. 
35 Midpoint values in the CEC staff report yield 11.2 million desktops and 14.4 million laptops. 1.5 monitors for 
each desktop would yield 16.8 million desktop monitors. If 50% of all laptops utilized an external monitor, that 
would account for an additional 7.2 million units, or a total of 24 million of the estimated 25.2 million computer 
monitors. All-in-one desktop computers already include an embedded monitor. 
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monitors represent an obvious way to increase savings from the TrickleStar keyboard, where 
they can be consistently found.  
Reduction in HVAC energy, a secondary effect of reducing plug loads, is not included in our 
calculations. This effect can be significant, but depends heavily on climate, time of year, type of 
building, and type of HVAC system. For example, reducing plug loads in hot climates in 
commercial buildings that are cooling dominated can typically save an additional 10–20 percent 
of energy on top of the direct plug load savings.  However, the absence of additional waste heat 
in the heating season generates a proportional subtraction in net energy savings during that 
time period.36 In general, whatever net HVAC savings utilities and their regulators ascribe to 
reductions in plug load energy consumption in their particular climate zone will accrue to 
savings from the TrickleStar keyboard as well. 
 
Our analysis of the ENERGY STAR version 8.0 computer data set suggests that not all of the 
categories of currently available computers are ideal candidates for a supplemental power 
management device like the TrickleStar keyboard. However, there are meaningful savings to be 
gained from many of the more powerful product categories: 
 

 
 
Recognizing that the TrickleStar keyboard is likely to convert a mix of short and long idle power 
consumption to sleep power instead, we calculated an average of the two forms of idle to see 
approximately how much power would be saved whenever the computer is sleeping. It is 
evident from this data set that power savings from most types of notebook computers and the 
least powerful integrated/switchable graphics desktops would be modest (2.8 to 7.4 watts). But 
the more powerful integrated/switchable graphics desktops, the discrete graphics desktops, and 
the workstations would generate considerably higher savings (ranging from 11.1 to 50.7 watts). 
These constitute about 25% of all the computer models in the current ENERGY STAR data set 
– 496 different models in total. A weighted average of those categories specifically yields 18.2 
watts of power savings from shifting a computer from idle to sleep mode. 
Summarizing overall power savings from legacy desktop computers and from medium to high 
performance newer desktops and workstations yields the following estimates: 
 
 
 
 

 
36 Based on a cooling season of 50% of the year and cooling system COP of 2.7.  
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Estimated Power Usage and Savings by Device Type (Watts) 

Mode Legacy 
Desktop 

Legacy 
Monitor 

Legacy 
Systems 
Total 

ENERGY STAR 
v. 8.0 Mid to High 
Performance 
Desktop 

CEC 
Standards-
Compliant 
Monitor 

Newer 
Systems 
Total 

Idle  39.6 26.2 65.8 20.2 13.9 34.1 

Sleep 2.3 0.4 2.7 2.0 0.3 2.3 

Savings from 
Sleep 

37.3 25.8 63.1 18.2 13.6 31.8 

 

Energy Impacts of Our Calculated Time and Power Savings 

Total estimated energy savings from the TrickleStar keyboard are 132 kWh/year with legacy 
desktop systems and 65 kWh/year with newer mid- to high-performance desktop/workstation 
systems.  Note that the vast majority of the energy savings come from the computers 
themselves rather than their associated monitor, so energy savings potential would be modestly 
higher in systems with multiple monitors (due to substantially more wattage being saved, but for 
relatively small numbers of hours). 
 

Estimated Energy Savings by Device Type 

Contributions 
to Energy 
Savings 

Legacy 
Desktop 

Legacy 
Monitor 

Legacy 
Systems 
Total 

ENERGY STAR 
v. 8.0 Mid to High 
Performance 
Desktop 

CEC 
Standards-
Compliant 
Monitor 

Newer 
Systems 
Total 

Power Saved 
in Sleep (W)  

37.3 25.8 63.1 18.2 13.6 31.8 

Time Saved 
(hours/year) 

3,182 505 NA 3,182 505 NA 

Energy 
Saved 
(kWh/year) 

119 13 132 58 7 65 

 

One way to assess these estimates for reasonableness is to consider what other organizations 
estimate is the annual energy usage of desktop computers. They ascribe the vast majority of 
annual energy usage to long idle (35% of annual hours) and short idle (15% of annual hours) 
operation, because the remaining half of the time corresponds to sleep and off-mode operation 
in which power consumption levels are quite low. 

When working from a computer industry-furnished product data set, the CEC calculated that 
typical desktop computers would fall from a baseline of 133.7 kWh/year to 103.3 kWh/year 
under its Tier 1 standards, and then to 84.6 kWh/year in its Tier 2 standards. The corresponding 
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values with an ENERGY STAR-furnished product set showed desktop energy consumption 
falling from 143.20 kWh/year in the baseline to 88.73 kWh/year under its Tier 1 standards and 
then to 70.21 kWh/year in its Tier 2 standards.37  

In both cases (legacy and newer desktop systems), our savings estimates for the TrickleStar 
keyboard are significantly smaller than the computers’ energy usage estimates, leaving room for 
continued idle mode operation.  

 

Conclusions 

While all computers possess the capability to manage their own power consumption after 
periods of inactivity, that capability is not enabled as often or promptly as it could be. In addition, 
there are other reasons and circumstances under which a computer should go to sleep than 
simply the elapsing of a certain period of time since a key press or mouse click. As a result, 
there is an unfilled niche in the present marketplace for a device such as the TrickleStar 
keyboard that can automate and enhance power management in computers.  
 
The TrickleStar keyboard can control a wide range of computer types and market segments, 
with the best opportunities have the highest idle power for the largest number of idle hours per 
day. The figure below depicts our qualitative view of the opportunity landscape; the applications 
with the best technical potential are the green boxes, and the font size roughly corresponds to 
the relative size of that potential market.  
 

Potential markets for the TrickleStar Keyboard 
 

 
 

 
37 CEC, Staff Report, pp. 52-54. 
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The most promising market segment for the TrickleStar keyboard is the very sizeable group of 
legacy desktop computers sold prior to California’s 2019 efficiency standards, which still 
represent the clear majority of desktop computers in use. While the energy savings potential per 
computer would be higher in the graphics workstations used for multimedia content creation, 
medical imaging, and engineering and architecture applications, there are fewer total computers 
in use in those applications than in legacy desktop applications.  See Appendix 1 for more 
information about the relatively high energy use of these computer types. 
 
The next most promising market segment for this product would be the more-powerful 
categories of desktop computers sold after California’s 2019 efficiency standards. These include 
higher performance integrated computers, those with discrete graphics, and those classified as 
workstations.  Gaming systems without proprietary keyboards and high performance laptops 
with multiple monitors also fall into this second tier of potential energy savings candidates, for 
the reasons noted earlier. 
 
We recommend that interested utilities pursue pilot projects in a commercial office environment 
focused first on desktop computers and monitors, to determine how large and consistent the 
energy savings will be from the TrickleStar keyboard in the field. Given the complex interactions 
among user behavior, equipment selection, and equipment configuration by IT managers, the 
range of expected energy savings per computer is likely to be wide, but the average savings 
look promising enough to suggest cost effectiveness at expected price points for the keyboard. 
 

Recommendations for Pilot Utility Program Implementation 

If a utility elects to conduct a pilot program to evaluate the real-world savings achievable from 
the TrickleStar keyboard, we would recommend that this trial be conducted first in a commercial 
office environment setting. There are three key reasons for this: 

 
• Office environments tend to have more consistent periods of long operating hours than 

home environments, yielding greater potential opportunities to reduce idle time. 
 

• Office computers are more likely to be operating during peak utility rate periods or 
coincident with peak demand charges, so the financial benefit of each kWh saved is 
likely to be greater. 
 

• Microsoft’s System Center Configuration Manager (SCCM) and other after-market 
software tools allow IT managers to implement highly granular power management 
strategies across some or all of the systems on the network simultaneously (see figure). 
They also make it possible to generate automatic energy consumption reports for each 
computer on the network, allowing the energy savings impact of a power management 
device to be determined relative to baseline consumption without need for costly 
individual plug load monitors, data retrieval, and data analysis. 
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By contrast, residential settings seem likely to yield less valuable energy savings from this 
device than commercial settings, with the exception of the gaming computers noted in Appendix 
1, where gaming-specific keyboards are likely to be preferred by users. 
Some degree of diverse user experience with the Tricklestar keyboard is needed to find out how 
often users are engaged in activities like video streaming, music play, video conferencing, game 
play, cryptocurrency mining, etc. that they intend to continue uninterrupted even when they step 
away from the computer for awhile. Particularly when computers are connected to larger 
monitors or televisions, they can continue delivering useful audio and video content to their 
users even when they are no longer close to the keyboard. This would be especially true of 
users whose disability might cause them to primarily or exclusively utilize voice commands or a 
touchscreen rather than a keyboard and mouse. Briefly stated, we have explored the main or 
central usage case for the TrickleStar keyboard, but edge cases can and should be explored in 
utility pilot programs to verify real world energy savings and user experiences.   
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Automated Methods of Determining Energy Usage and Savings 

Many types of power management reports can be generated automatically in Microsoft’s 
System Center Configuration Manager, making it possible to determine not only the changes in 
computer operating times, by mode of operation, but also the resulting energy and 
environmental impacts of those changes, on each connected device and across the entire 
network:38 
 

 
 
These sorts of changes can be readily tabulated across all of the connected devices on the 
network and compared to pre-deployment baseline energy usage over a four to six week period 
to gauge the relevant savings potential and cost effectiveness.39  The reports can be 
customized to a significant degree to also gauge why some computers delivered more energy 
savings than others or had higher base case energy consumption.40  This includes high-level 
views of the number of computers working actively or idling, with and without their monitors on, 
at various times throughout the day:41 
Other after-market software tools exist to optimize power management enabling and reporting 
over networks, and may be worth considering in any such pilot program effort. ENERGY STAR 

 
38 See https://www.prajwaldesai.com/sccm-power-management-guide/  
39 See http://www.system-center.fr/?p=1730  
40 See https://docs.microsoft.com/en-us/mem/configmgr/core/clients/manage/power/monitor-and-plan-for-
power-management  
41 See https://nanopdf.com/download/power-management-in-sccm_pdf  
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lists more than 20 possible software options, while providing basic descriptions of how each 
functions and the situations where it would be best suited.42 
 

  

 
42 See 
www.energystar.gov/products/low_carbon_it_campaign/implementation_resources_enterprises/commercial_soft
ware and https://www.datasynergy.co.uk/products/powerman/PowerManagerSCCM.aspx for relevant examples. 
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Appendix 1 - The Special Case of Gaming and Workstation 
Computers  

Lawrence Berkeley National Laboratories (LBNL) conducted extensive testing of gaming 
computers between 2016 and 2018 on behalf of the CEC and concluded that their energy 
consumption is remarkably high. Their very powerful CPUs, oversized power supplies, and 
extremely fast graphics cards caused the various desktop computers they tested to draw 
between 34 and 410 watts of power while playing various games, and between 20 and 130 
watts while idling. The highest annual energy use LBNL observed in any of the systems was 
more than 1,200 kWh/year. Computer gaming was also more pervasive than the LBNL 
researchers expected. They found that 66% of American adults engage in gaming on dedicated 
game consoles or computers, and that about 2.3 million of the desktop computers in California 
alone are used for gaming at least an hour per week.43  
While the energy efficiency of these systems has undoubtedly improved in recent years, it is 
also true that both the ENERGY STAR and California Energy Commission requirements for 
desktop computers provide extensive allowances for expandability and enhanced graphics 
capability that allow the most powerful desktop computers to draw considerably more power 
than an average system when idling. The specifications focus on annual energy consumption 
under a presumed duty cycle where half of the time is spent idling, rather than setting fixed 
limits for idle power consumption itself. Indeed, the CEC standards only have efficient power 
supply and Ethernet requirements along with power management enabling provisions for “high 
expandability” desktop computers. They need not meet idle power limits nor annual energy 
consumption limits.44 
A particular Alienware Aurora Ryzen Edition gaming computer had to be recently restricted from 
sale in California and five other states, but is still being sold in states without computer efficiency 
standards.45  It meets ENERGY STAR’s v. 8.0’s voluntary labeling requirements but not 
California’s current mandatory efficiency standards, according to Dell, drawing a maximum of 
563 watts at peak load, 63 to 66 watts at idle, and 1.9 watts when sleeping.46  The fact that 
computers even more powerful and expandable than this one are exempt from California’s 
annual energy consumption limitations suggests that they offer substantial energy savings 
opportunities from well-designed power management approaches. 
LBNL research47 looked into hardware changes that could reduce the active mode power 
consumption of high performance PCs, and reduce idle power consumption as well. In one 
particular example they investigated, the gaming system idled originally at approximately 130 to 
190 watts, but came down to an idle power range of approximately 80 to 120 watts with 
particular component replacements.  
 

 
43 LBNL, A Plug-Loads Game Changer:  Computer Gaming Energy Efficiency without Performance Compromise, 
report to the California Energy Commission, April 2019, pp. 6, 13-15. 
44 Ace Resources, Title 20 Fact Sheet:  California Appliance Efficiency Regulations – Computers, Publication # 2020-
10-22, 2020, accessed from www.energycodeace.com.  
45 Thomas Claburn, “Dell won’t ship energy-hungry PCs to California and five other US states due to power 
regulations,” The Register, 7/26/21. 
46 Dell Product Compliance Datasheet, Alienware Aurora Ryzen Edition, 1/1/21. 
47 See https://www.sciencenewsforstudents.org/article/greening-digital-life-computers-phones-gaming-
climate-change  
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The amount of time gaming computers spend idling can also be quite significant -- about 4.4 to 
7.5 hours per day, depending on how intensively the user plays.48  So there are promising 
opportunities to generate energy savings in that market segment from more widespread power 
management. Very high-performance gaming computers might be a tempting target for devices 
like the TrickleStar keyboard, given their very high idle power consumption levels and long 
periods of time each day when the computers are neither switched off nor asleep. But intensive 
gamers appear to have an explicit preference for gaming-specific keyboards.49  They also may 
be less willing than typical users to make extensive use of sleep mode capabilities, which can 
cause a sleeping computer to temporarily lose its connection with other online gamers or its 
“place” in a game they intend to resume later. This should be explored further in a utility pilot 
test, given the potential energy savings at stake. 
LBNL specifically notes in its report recommendations: 

Increased attention to power management appears to be one promising avenue for 
capturing energy savings across the entire spectrum of gaming devices. As suggested 
by the analysis, current efficiencies of power management are uneven across gaming 
products. Best practices could be more widely promulgated, and emerging technologies 
and control software more usefully deployed.50 

 
Intel’s illustration of “The Ultimate Gaming Setup” on its website definitely encourages the idea 
of more and larger screens for gaming. The company suggests that users consider having 
multiple smaller monitors side by side at desk height, and a larger main television screen 
mounted on the wall behind them.51  Clearly the power savings from causing such a setup to 
sleep more quickly during periods of inactivity would be quite high. 
 

 
48 LBNL, April 2019, pp. 24-25. 
49 Numerous articles highlight the specific features gamers should seek out in a keyboard.  See, for example, 
https://www.tomshardware.com/reviews/best-gaming-keyboards,6024.html and 
https://www.pcmag.com/picks/the-best-gaming-keyboards.  
50 LBNL, April 2019, p. 65. 
51 www.intel.com/content/www/us/en/gaming/gaming-desktops.html.  
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It is also important to keep in mind that the computers most likely to be custom built by their 
users are the most likely to be highly energy consumptive, because mandatory efficiency 
standards apply to finished computer systems and monitors, not to their individual components.  
And gamers have historically had the greatest interest in overclocking CPUs and utilizing 
multiple GPUs, each of which can idle at 40 watts or more, to deliver maximum gaming 
performance.52 
 
At the same time, the commercial equivalent of gaming computers, workstations, remains a key 
candidate for efficiency improvements and better power management.  Here, the extensive 
graphics capabilities are employed not for gaming but for scientific applications, medical 
imaging, photo and video editing, multimedia content creation, animation, and architectural and 
engineering applications. 
 
In scientific computing applications, the typical prevalence of power management enabling may 
be fairly high, but the underlying simulation programs and scientific applications like LabView 

 
52 Personal communication, John Clinger, ICF International, 12/17/21. 
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can typically override operating system power management settings to ensure the applications 
continue uninterrupted, even when those computers are unattended.53  Likewise, power 
management is fairly widely enabled in academic settings as well, but seems to be least 
commonly enabled in engineering and architecture settings.  Experts speculate that those users 
may have had an unfavorable experience with early power management capabilities more than 
a decade ago and have disabled that capability ever since, rather than risking a crash that might 
interfere with their work.54   
 
For these reasons, we believe there are particularly large energy savings per computer to be 
gotten from the TrickleStar keyboard in engineering and architecture, medical imaging, and 
multimedia content creation applications, even if the absolute number of those computers in use 
is likely to be smaller than the population of legacy desktop computers.  Utility field trials of the 
TrickleStar keyboard conducted in those market segments are likely to be particularly promising. 
  

 
53 Personal communication, John Clinger, ICF International, 12/17/21. 
54 Personal communication, John Clinger, ICF International, 12/17/21. 
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Appendix 2 – Operating System Considerations 

Computer power management has evolved from a binary situation (asleep or awake) to one in 
which there are many subtleties (see figure). Users can choose if and when to put hard drives to 
sleep, display dimming or outright sleep, allowing computers to perform some background 
network functions while asleep, managing power more aggressively when operating on battery 
than when plugged into a power adapter, and other options.  
 

 
 
The TrickleStar keyboard is not intended to operate at that degree of granularity, but rather, 
focuses on simply putting the computer itself to sleep. However, the manner in which each of 
the current operating systems handles power management is helpful to understand the energy 
impact associated with using the TrickleStar keyboard. 
 
Windows currently holds a market share of about 73% of all global desktop personal computers, 
compared to 16% for MacOS and 3% for Linux. The Windows operating share is a bit lower 
when considering all desktop, tablet and console operating systems, at about 68%. The 
Windows market share is substantially lower in the United States, representing about 57% of all 
desktop PCs, tablets and consoles.55  Each of the two operating systems currently treats power 
management slightly differently. 
 

 
55 See https://www.statista.com/statistics/268237/global-market-share-held-by-operating-systems-since-2009/ 
and https://www.statista.com/statistics/272667/market-share-held-by-operating-systems-in-the-us-since-2009/.  
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Windows 10 defaults to display sleep after 5 minutes when on battery power and 10 minutes 
when plugged in. It defaults to computer sleep after 15 minutes when on battery power and 30 
minutes when plugged in:56 
 

 
  
Microsoft has created options for users to readily disable power management with a single 
“Ultimate Performance” power plan selection, rather than needing to modify each individual 
controllable hardware setting:57 
 

 
56 See https://uninstallerly.com/how-to-change-sleep-settings-on-windows-10/  
57 See https://www.addictivetips.com/windows-tips/enable-the-ultimate-power-plan-on-windows-10/  
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On newer versions of Windows operating on mobile devices like laptops, making such a change 
can be as simple as clicking on the battery icon in the taskbar and dragging a slider toward 
“Best performance” instead of “Best battery life” – a description likely to appeal to many tethered 
laptop users.58 
 

 
In addition, manufacturers of some models of Windows-enabled computers like Samsung, HP, 
and Acer often embed proprietary startup or power application software that overrides the 

 
58 See https://www.windowscentral.com/how-manage-power-throttling-windows-10 
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default settings provided by Windows, which are typically characterized as “Ultimate, High 
Performance, Balanced, or Power Saver.”59 
Apple’s MacOS operating system defaults to sleep mode after 10 minutes of inactivity (a much 
shorter time period than the 30 minute requirement of ENERGY STAR). However, the computer 
sleep time interval can no longer be set directly by the user on the Apple operating system. Only 
the display’s sleep time interval is presented for adjustment (see figure). The user can decide 
whether to prevent the computer from sleeping when the display is off, but not choose the 
associated time interval. 
 

 
 
These evolutions in operating system behavior with regard to power management suggest that 
there will be a continuing market opportunity for an external device to supplement computers’ 
native power management capabilities. 
 

 
59 See https://www.majorgeeks.com/content/page/how_to_fix_power_options_missing_or_grayed_out.html. 
 


