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DATA CENTER DESIGN
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PC energy use is a growing cost to enterprises, with most machines 
remaining fully powered on, even while idle, for most of the time. The 
Network Connectivity Proxy maintains network presence for PCs but 
lets them sleep while idle, thus saving energy and reducing total cost 
of ownership. 

O ne of the most urgent challenges of the 
21st century is to engineer new tech-
nologies that can transition us to a more 
sustainable society with a reduced CO2

footprint. PC system units and monitors comprise 
3 percent of the total electricity consumed in the 
US, or roughly 100 TWh/year. At a rate of $0.10 
per kWh, the annual cost of this electricity is $10 
billion. We all know that electricity costs are a ma-
jor factor in the cost of operating a data center, but 
electricity costs are also significant for enterprise 
PCs. Enterprise, or office, PC system units and 
monitors consume approximately 65 TWh/year, 
which is roughly 5 percent of commercial build-
ing electricity; residential systems consume just 
over 30 TWh/year.1 Figure 1 shows PC energy 
use (including monitors) in the larger context.1,2

PCs—both in the enterprise and at home—often 
remain fully powered on, even when inactive or 
idle. It’s during these idle periods that we can 
achieve the greatest energy savings.

Being connected to the Internet requires some 
form of active participation—when hosts fail to 
respond, they “fall off the network,” and applica-
tions fail. Consequently, network hosts consume 
billions of dollars worth of electricity every year 
to stay fully powered on at all times for the sole 
purpose of maintaining network connectivity or 
“presence.” In fact, researchers have found that 
roughly 60 percent of office desktop PCs are left 
on continuously.3 If not for the need for network 
connectivity, most of these hosts could be asleep 
most of the time, with significant energy savings 
resulting. This need to maintain network con-
nectivity also contributes to why people disable 
existing power management features in many 
PCs. We can remove this barrier to PCs using 
an energy-saving sleep mode when they’re idle 
in one of two ways: by redesigning network pro-
tocols and applications or by encapsulating the 
intelligence for maintaining network presence 
in an entity other than the operating system and 
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Another reason for systems to be left on is 
long boot times (and the loss of state when 
shutting down the operating system), coupled 
with an ingrained aversion to using sleep. Per-
haps the user had a bad experience with a sys-
tem that went to sleep but didn’t reliably wake 
up. Or, maybe this person doesn’t know how 
to manually engage sleep or set the system to 
automatically go to sleep. When the choice is 
between off (with a slow boot) and leaving a ma-
chine on continuously, some users will choose 
the off option, but most will simply leave the 
machine on (see the “Off Is So Last Century” 
sidebar).

Finally, simple inertia is another major reason 
for PCs being left on—that is, people might have 
started leaving their PCs on all the time and con-
tinued to do so without reexamination, even as 
the reasons for the initial habit have long passed.

The Need for Network Connectivity
Specific applications and usage models drive the 
need for persistent network connectivity, but 
they rely on an infrastructure of basic network 
protocols to work. A simple example of a needed 
basic function for connectivity is the Address 
Resolution Protocol (ARP), which associates an 
Ethernet or Wi-Fi hardware (or MAC) address 

 PC Energy Use

It’s important to understand how much energy a PC 
uses and the possible impact of this energy use.

What Is Power and Energy? 
Power is a measure of instantaneous work, with  
electrical power measured in watts (W). Energy is 
power over time, measured in watt-hours (Wh).  
One thousand Wh, or 1 kWh, is the most convenient 
measure of electricity consumer use. The average cost 
of 1 kWh in the US is roughly $0.10; the average US 
residence uses 10,700 kWh/year.

How Much Energy Does  
a Single Desktop PC Use?
A typical existing desktop PC system unit uses 
roughly 80 W when idle, and a typical 17-inch LCD 
display uses roughly 35 W when powered on.1 Thus, 
the cost to operate a single 115-W PC and monitor 
fully powered on 24 hours a day, seven days a week, 
for one year is roughly US$100 (this is 8,760 hours/
year x 115 W x $0.10/kWh). Active energy (above the 
idle level) contributes just a few percent to a PC’s 
annual total. 

What Is the Climate Impact of PCs? 
When electricity is generated from fossil fuels,  
CO2—a greenhouse gas that contributes to global  
warming—is released into the atmosphere. In the US,  
70 percent of electricity comes from fossil fuels.2 The  
average amount of CO2 released per kWh is 0.7 kg;  
the total CO2 entering the atmosphere attributable  
to all PCs and monitors in the US is roughly 70 million 
metric tons per year. The US Environmental Protection  
Agency’s greenhouse gas equivalencies calculator 
(www.epa.gov/cleanenergy/energy-resources/calculator. 
html) computes other equivalences.

How Much Energy Used  
by PCs Could Be Saved? 
Researchers have estimated that more than half of the 
energy used by PCs occurs when no one is present. 
Figure 2 in the main text shows that a typical business 
PC is idle most of the time.3 New desktop PCs have 
lower power levels in all modes than the typical exist-
ing PC—roughly 60 W while on, 2.5 W in sleep, and 
1.5 W while off.1 The energy used during this time 
could be saved if the PC were instead asleep, with 
total energy savings for a single PC per year equaling 
400 kWh, or $40. For a company with 10,000 such 
PCs, the yearly savings would be roughly $400,000.

What about non-PC Equipment? 
Other IT and consumer electronic devices as well as 
set-top boxes, game consoles, printers, copiers, and 
so on are energy consumers, too. Lawrence Berkeley 
National Laboratory has studied energy usage of of-
fice equipment for 20 years and estimates that office 
PCs and monitors consume roughly 65 TWh per year, 
with those in residences adding approximately 30 
TWh per year more.1 
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with the IP address of each PC and router port 
on a subnet. Each PC (and router port) main-
tains an ARP cache that contains the IP and 
MAC addresses for every PC on the subnet. In 
the router, the ARP cache refreshes by periodi-
cally broadcasting ARP requests to all hosts on 
the subnet, but if a PC is sleeping, it can’t reply 
to such requests. This missing reply means that 
the entry for the sleeping PC in the router table 
will be timed-out and removed, which has an 
extremely serious consequence: the router can 
no longer forward packets from outside the sub-
net to the sleeping PC. Quite simply, the router 
no longer knows how to address packets to the 
nonresponding host. The router can’t even de-
liver a special wake-up packet, so the sleeping PC  
remains effectively unreachable to the rest of the 
world (outside its subnet). 
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Figure 2. Enterprise PC usage patterns. A typical office 
computer consumes most of its energy when it’s doing 
nothing useful, such as when idle.

 Off Is So Last Century

Many people almost never turn off their PCs; 
typically, PCs might be asleep most of the 

time, but only fully off for unusual travel or main-
tenance reasons. Moreover, modern PCs can wake 
quickly (for example, Microsoft Vista specifies less 
than two seconds out of the box), making the user 
inconvenience (or “annoyance cost”) of using sleep 
mode low.

Sleep does require more power than off, but since 
the difference is small (less than 2 watts for most 
recent PCs), the energy cost to shift from off to sleep 
mode is small. Most sleeping systems use less total 

energy than those routinely powered off. This seems 
counterintuitive, but the reduced time in idle from 
frequent use of sleep will account for much more 
savings than the energy required to be asleep rather 
than off. 

This principle also extends to monitors, as many 
use virtually the same power in sleep mode or off, 
so the effort used to manually turn them on and off 
would be better expended elsewhere. This is impor-
tant to IT managers as they’ll need to educate their 
users to shift from off to sleep as the primary low-
power mode.

 The Power Control User Interface 

Consistent user interface elements are common in 
daily life, from telephone keypads to automobile 

controls to media player play/pause/rewind controls. 
These interface elements make products easier (and 
safer) to use and typically cost no more than inconsis-
tent controls would.

In the past, many electronic devices used incon-
sistent interface elements in power controls, result-
ing in needless confusion about what power state a 
device was in or how power management could be 
configured.

IEEE 1621 specifies user interface elements such 
as symbols, indicator lights, and terms for control-

ling the power status of electronics. These elements 
appear on the outside of the product (typically, near 
switches), and in software control panels and docu-
mentation. Indicator lights have color coding (green 
for on, yellow for sleep, and nothing for off). This 
standard clarifies that the basic power modes for elec-
tronics are on, sleep, and off, so that we can look for-
ward to a time when the inherently confusing word 
“standby” no longer appears in any user interface.

For IT professionals, this makes communica-
tion with users easier, but inevitably involves some 
reeducation and changing some user beliefs and 
expectations.
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