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Data center 
managers need to
operate physical
infrastructure
support systems
at maximum 
efficiency.
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CHILLERS, AIR HANDLERS, power distribution, backup power—all
these mechanical processes that keep servers running smooth-
ly account for more than half of an IT energy bill. Data center
managers need to operate physical infrastructure support 
systems at maximum efficiency to go green in the data center. 
Luckily, energy-efficient data center infrastructure is widely
accepted and available. This chapter is a primer on energy- 
efficient cooling and power distribution principles and best
practices. It will cover the following topics:
qData center cooling principles and raised-floor cooling
qHot-aisle and cold-aisle containment
qHigh-density supplemental systems (such as forced air 
and liquid cooling)

qThe pros and cons of economizers in the data center
q Energy-efficient power distribution
qThe direct-current (DC) power debate



DATA CENTER COOLING PRINCIPLES
AND RAISED-FLOOR COOLING
Data center cooling is where the great-
est energy-efficiency improvements 
can be made. And cooling a data center
efficiently is impossible without proper
floor plan and air conditioning design.
The fundamental rule in energy-effi-

cient cooling is to keep hot air and cold
air separate. For many years, the hot-
aisle/cold-aisle, raised-floor design has
been the cooling standard, yet surpris-
ingly few data centers implement this
principle fully.
Hot aisle/cold aisle is a data center

floor plan in which rows of cabinets are
configured with air intakes facing the
middle of the cold aisle. The cold aisles
have perforated tiles that blow cold air
from the computer room air-condition-
ing (CRAC) units up through the floor.
The servers’ hot-air returns blow heat
exhaust out the back of cabinets into hot
aisles. The hot air is then sucked into a
CRAC unit to be cooled and redistrib-
uted through cold aisles.
While this configuration is widely

accepted as the most efficient data cen-
ter layout, several companies haven’t
implemented it. An even greater number
of data centers execute it incorrectly 
or don’t take the principles far enough.
Preventing hot and cold air from mix-

ing means separating airflow in the front
of the cabinets from the back. But some
data center managers actively sabotage
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THE HOT-AISLE/COLD-AISLE APPROACH



the cooling efficiency of an area. Data
center design experts often recount hor-
ror stories about clients with highly engi-
neered hot-aisle/cold-aisle layouts, where
a data center manager has put perforat-
ed or grated tiles in a hot aisle or used
fans to direct cold air behind cabinets.
Air conditioners operate most effi-

ciently when they cool the hottest air. 
By placing perforated tiles in a hot aisle,
the hot air isn’t as warm as it should 
be when it gets to air-conditioning units. 
By pre-cooling the hot air going into 
the air intake, the thermostat assumes 
it doesn’t have to work as hard. The air
conditioners don’t recognize the true
load of the room, and this miscue raises
the temperature and creates a zone hot
spot.

Hot aisles are supposed to be hot. If
you paid good money for data center
design consultants, you should really
take their advice. Data center managers
can become unnerved by how hot the
hot aisle can get, or they capitulate to
the complaints of adminsistrators who
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Raised-Floor Fundamentals
EIGHTEEN INCHES IS the minimum recommended raised-floor
height; 24 inches to 30 inches is better, but it isn’t realistic 
for buildings without high ceilings.

� Keep it clean. Get rid of the clutter—unused cables or pipes,
for example—under your raised-floor. Hire a cleaning service
to clean the space periodically. Dust and debris can impede
airflow.

� Seal off cable cutouts under cabinets as well as spaces
between floor tiles and walls or between poorly aligned floor
tiles. Replace missing tiles or superfluous perforated tiles.

� Use a raised-floor system with rubber gaskets under each
tile, which allows tiles to fit more snugly onto the frame, min-
imizing air leakage.

� To seal raised floors, data center practitioners have 
several product options available to them, including brush
grommets, specialized caulking and other widgets.

� For more on blocking holes in a raised floor, read Robert
McFarlane’s SearchDataCenter.com tip “Block those holes!”

http://searchdatacenter.techtarget.com/news/column/0,294698,sid80_gci1148905,00.html


Mixing cold air
into a hot aisle is
exactly what you
want to avoid.
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don’t want to work in the hot aisle. But
mixing cold air into a hot aisle is exactly
what you want to avoid.
Data center pros who don’t actively

thwart their own efficiency efforts still
run into problems when they don’t apply
the hot-aisle/cold-aisle approach fully.
“I have seen people who have read the

articles and [have] arranged data cen-
ters in hot-aisle/cold-aisle configura-
tions to improve the cooling situation,”
said Robert McFarlane, a data center
design expert and the principal at New
York-based engineering firm Shen Mil-
som & Wilke Inc. “But odd-sized cabi-
nets, operations consoles and open rack
space cause big gaps in the rows of cabi-
nets, allowing hot air to re-circulate into
the cold aisles and cold air to bypass
into the hot aisles.”
Poorly executed hot-aisle/cold-aisle

configurations can actually cause more
harm than not doing anything at all. The
way to avoid this is to block the holes.
Fasten blanking panels—metal sheet-

ing that blocks gaps in the racks—over

unused rack space. Also, tight ceilings
and raised floors are a must. Lastly, use
air seals for all the cabling and other
openings in the floor. Despite all these
efforts, hot and cold air will mix around
the tops of cabinets and at the ends of
aisles. Data center pros can mitigate
these design problems by placing less
important equipment—such as patch
panels and minor equipment that does
not generate a lot of heat—in marginal
areas.
So where should you put sensitive

equipment, the energy hogs that need
the most cooling? According to McFar-
lane, the answer is counterintuitive. In
almost all cases, under-floor air-condi-
tioning units blast out a large volume of
air at high velocity. The closer you are to
those AC units, the higher the velocity of
the air and, therefore, the lower the air
pressure. It’s called Bernoulli’s Law. As a
result, the cabinets closest to air condi-
tioners get the least amount of air.
That means you should probably put

sensitive equipment near the middle of



the cabinet row, around knee height,
rather than right up against the CRAC or
the perforated floor. And since air gets
warmer as it rises, don’t place your high-
est heat-generating equipment at the
top of a cabinet. It’s not rocket science,
but it is physics.
And in most data centers, according 

to McFarlane, applying basic physics can
make a huge difference. “I don’t have to
get sophisticated,” McFarlane said. “Up
to 75% [of data center efficiency gains]
are easy, the next 5% are a bear, and
beyond that is often impossible without
a total rebuild.”

Common cooling mistakes. Unfortu-
nately, there are no shortcuts in physics,
and McFarlane points to areas where
data center pros can run into trouble.
Some facilities have opted to put fans
under the cabinets to pull higher vol-
umes of air out of the floor. But there is a
limited amount of air in the plenum, and
if the air volume that all the fans demand
exceeds the amount of air under the
floor, cabinets without fans are certainly

going to be air starved, and those with
fans farther from air conditioners may
also get less air than they need.
Another ill-advised shortcut is putting

in lots of wide-open tiles to get better
cooling. Traditional raised-floor perfor-
ated tiles are only 25% open, but some
grate tiles on the market are 56% open.
More air is good, right? Not necessarily.
According to McFarlane, if you have too
many tiles with too much open area, the
first few cabinets will get a lot of air, but
the air to the rest will diminish as you
get farther from the air conditioners.
“The effect is like knifing a tire,”

McFarlane said. “Air takes the path of
least resistance, and the data center is 
a system: If you start fiddling with one
thing, you may affect something else.”
You need to balance the air you have 
so it’s distributed where you need it.
According to Robert Sullivan, a data

center cooling expert at the Santa Fe,
N.M.-based Uptime Institute Inc., the
typical computer room has twice as
many perforated tiles installed as it
should. Sullivan

The typical 
computer room
has twice as
many perforated
tiles installed as 
it should.
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WHEN YOU MANAGE several thousand square feet of
raised floor, supporting dozens of racks of sensi-
tive IT equipment with various cooling demands,
it is difficult to determine how to move air han-
dlers or change perforated tiles to run your sys-
tem more efficiently
Luckily, computational fluid dynamics (CFD)

modeling tools are available to convey the impact
of what you plan to do.
Lebanon, N.H.-based Fluent Inc. offers CoolSim,

which allows you to plug in a data center’s design
specs to do airflow modeling. The other option is
to install CFD software—such as TileFlow from
Plymouth, Minn.-based Innovative Research
Inc.—on your own servers.
Pete Sacco, a data center consultant and the

founder of PTS Data Center Solutions Inc.,
warned that not all CFD software is made equal.
He uses software from Future Facilities, a London-
based data center design company. But it comes
at a steep price: about $100,000 per licensed
seat. That's about three times as much as Tile-
Flow. But Sacco said that more expensive soft-

ware is worth it for him. 
Fred Stack, the vice president of marketing at

Liebert Corp. agreed: When the company does
CFD assessments for customers, the Future
Facilities CFD tool is Emerson Network Power's
go-to software. 
Stack said that a full CFD assessment for a

7,000-square-foot data center could cost
between $10,000 and $12,000, but the services
can pay for themselves pretty quickly. 
“A CFD analysis helps the customer understand

air-management issues. Quite often you can save
a lot of energy without spending money on more
hardware,” Stack said. “The biggest issue is leaks.
People are always amazed by the percentage of
air not reaching the cold aisle. The obvious ones
are the cutouts in the back. But there are leaks in
data centers people don’t recognize. They think
they’re small and minute. There could be an
eighth-of-an-inch crack in the floor around a sup-
port pillar. Sealing that is a relatively easy thing 
to do and has a major impact on the reduction 
of bypass air.” �

Modeling the Airflow in Your Data Center



said having 
too many tiles can significantly reduce
static pressure under the floor. This
translates into insufficient airflow in 
the cold aisles.
Thus cold air reaches only about

halfway up the cabinets. The servers 
at the top of racks are going to get air
someplace, and that means they will
suck hot air out of the top of the room,
re-circulating exhaust air and deterior-
ating the reliability of the server.
Another common cooling mistake is 

to cool your data center like it’s a meat
locker. Constantly keeping the air in the
room at 60 degrees is unrealistic. The air
conditioners will use more energy and
will start a short-cycle pattern. 
“When you do that, you wear the hell

out of the air conditioner and completely
lose your humidity control,” McFarlane
said. “That short burst of demand
wastes a lot of energy too.” McFarlane
said oversized air conditioners do the
same thing. “They cool things down too
fast, and then they shut off. Things get
hot quickly, and they turn back on. If I

don’t match capacity to the load, I waste
energy with start/stop cycles.”

HOT-AISLE/COLD-AISLE 
CONTAINMENT
As server density has increased, effi-
ciency gains from hot aisle/cold aisle
have eroded, and data center pros have
extended the concept to containment. 
Hot aisle/cold aisle “looks neat in

drawings, but in practice it’s unmanage-
able,” said Mukesh Khattar, the energy
director at Oracle Corp. “Up to 40% of
the air doesn’t do any work. Hot air goes
over the tops of racks and around the
rows.” 
Hot-aisle/cold-aisle containment 

systems use a physical barrier that 
separates the hot- or cold-aisle airflow
through makeshift design solutions like
the vinyl plastic sheeting used in meat
lockers as well as ducted plenum sys-
tems and other commercial offerings. 
The combination of hot-aisle/

cold-aisle containment and variable fan
drives can create significant energy sav-
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Keeping the air 
in the room at 
60 degrees will
use more energy
and start a short-
cycle pattern.
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The time has come to shift the efficiency debate from 
efficiency as a conceptual ideal to implementation - the 
measuring of and planning for efficiency in your installa-
tion. Decisions you make today will certainly affect your 
efficiency tomorrow. Want to virtualize but unsure of how it 
will affect your power and cooling efficiency? Considering 
changes to your data center architecture approach or 
heat containment strategy, but are reluctant to rock the 
boat? Balancing the pros and cons of data center plan-
ning can be a real challenge. The effects of a bad decision 
are further complicated by rising energy costs and the 
need for green. 

Introducing APC’s latest innovation for these critical 
decisions: the TradeOff Tools suite. These interactive, 
online, and (most important) precisely formulated 
calculators deliver the actual implications of decisions in 
your data center design or planning. With TradeOff Tools, 
you can accurately calculate the impact that new 
equipment, server virtualization, design changes, and heat 
containment strategies will have on your facility. Because 
the data plugged in is your own data, and not industry 
averages, the results are your own, as well.

More than a widget
The benefit of TradeOff Tools is easy to calculate. Now 
you can know, ahead of time, without any question, how 
changes will affect your facility. There has never been 
a tool this easy to use, that provides information this 
actionable. And did we mention these great tools are 
FREE for a limited time? Saving money, energy and time 
has never been so simple. Try out TradeOff 
today and know before you go.

Introducing APC 
interactive TradeOff Tools,™
web-based calculators for predicting 
efficiency and availability 
in your data center planning.

Energy efficiency
should be a plan, not a response.
Start planning today.

APC’s web-based TradeOff Tools™ are the practical application of data 
center best practices. The tool’s decision-making criteria and recommendations 
stem from customer feedback about actual installations and are founded upon 

the logic and research determined by the APC 
Science Center, the internationally renowned 
research team responsible for more than 100 
white papers on the subject.

© 2009 American Power Conversion Corporation. All trademarks are owned by Schneider Electric Industries S.A.S., American Power Conversion Corporation, or their affiliated companies. 
e-mail: esupport@apc.com • 132 Fairgrounds Road, West Kingston, RI  02892  USA  •  998-1432

Visit www.apc.com/promo  Key Code h323w 
Call 888-289-APCC x6013 • Fax 401-788-2797

Try online for the 
next 30 days for FREE!
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ings. The separation of hot and cold air
can provide much better uniformity of
air temperature from the top to the bot-
tom of the rack. That uniformity enables
data center pros to raise the set-point
temperature more safely. 
Numerous data center operators

employ hot-aisle/cold-aisle contain-
ment, including Sun Microsystems Inc.’s.
Dean Nelson, the senior director of glob-
al data center design services. On a
recent data center tour, Nelson showed
off a hot-aisle containment system. Stor-
age vendor NetApp has employed vinyl
curtains similar to those in meat lockers
to contain the air in the hot aisles in its
Silicon Valley data center. These curtains
alone save NetApp 1 million kilowatt-
hours, or kWh, of energy per year. 
Yahoo Inc. has also employed vinyl

curtains in one of its data centers for 
airflow containment. The search giant
reduced its power usage effectiveness,
or PUE, and saved half a million dollars
with cold-aisle containment.
While the number of companies

employing airflow containment strate-

gies continues to grow, there is little
agreement on whether it is better to 
contain the hot or cold air. Kingston, R.I.-
based infrastructure vendor American
Power Conversion Corp. (APC) promotes
hot-aisle containment systems (HACSs).
APC’s Victor Avelar, a senior research

analyst at the Data Center Science Cen-
ter gave the following reasons for con-
taining hot aisles: 

qWith HACS, data center pros can
raise the set point for inlet air tempera-
tures on servers while maintaining a
comfortable work environment in the
rest of the data center. 
q APC says increasing the set point in

a cold-aisle containment system (CACS)
can result in uncomfortably high data
center temperatures.
q Increasing cooling set-point con-

tainment systems allows for increased
access to free-cooling economizers. 
q APC also contends that with CACS,

the rest of a data center is allowed to
become hot. Equipment outside of con-
tained areas would have to be evaluated

Numerous 
data center 
operators employ
hot-aisle/
cold-aisle 
containment.



for operation at elevated temperatures.
Jeremy Hartley, in technical support at

U.K.-based rack vendor Dataracks, said
that cold-aisle containment is a better
strategy, especially for existing data cen-
ters. According to Hartley, companies
now deploy newer servers that are deep-
er than the racks themselves. These
servers extend out the back of the rack
into the hot aisle and can reduce data
center space, which is often at a premi-
um. Hartley says containing cold air is a
more manageable solution. The benefit
is that you have cold air only where you
want it. Liebert Corp.’s product line sup-
ports cold aisle (see FIGURE 1).
According to Phil Dunn, the senior

product manager at Emerson Network
Power rack products, cold-aisle contain-
ment systems can save 20% to 30% 
on cooling power usage. The Emerson
Knurr systems consist of a translucent
Lexan-suspended ceiling and a sliding-
door system that takes up only 4 inches
at the end of each aisle. 
According to Dunn, the higher the

density in a particular rack, the faster

this kind of upgrade can pay for itself,
and in most cases, the return on invest-
ment for customers is less than a year. 
“Containment systems are relatively

new for us in America, they’ve been sell-
ing them in Europe for two years,” Dunn
said. “We’ve been selling them in Ameri-
ca for about six months. We’re quoting
two to three systems a week; there is a
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A Liebert cold-aisle containment system that has been deployed in a raised-floor environment

FIGURE 1: LIEBERT’S COLD-AISLE CONTAINMENT SYSTEM
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significant amount of interest from 
customers.”
So what are the downsides to contain-

ment systems? At this point, there are
no prevailing standard practices, so dif-
ferent people have different ways to exe-
cute these systems. 
But the biggest problem with contain-

ment strategies is possibly fire suppres-
sion. Where do you put sprinklers?
Inside each of the contained systems?
Some people attach plastic sheeting with
melt-away tabs that allow the sheets to
drop to the floor if the air reaches 130
degrees, but most data center design
consultants are leery of this scheme. 
Dunn said Emerson is referring

prospective customers to fire suppres-
sion experts to determine the best way
to handle fire suppression inside the
contained systems. 

HIGH-DENSITY 
SUPPLEMENTAL COOLING
There is only so much air we can push
out of a plenum without blowing the

tiles out of the floor. So how do you cool
high-density heat loads? Many data cen-
ter pros have turned to supplemental,
high-density cooling.
Supplemental cooling systems like 

the InfraStruXure InRow from APC, the
Liebert XD and other models from Rittal
GmbH and Co., AFCO Systems Inc. and
Wright Line LLC place a cooling unit next
to or on top of the cabinet, delivering a
higher volume of cold air directly to
server intake. The result is more cooling
than a raised floor can possibly deliver.
High-density cooling systems offer the

following advantages:

q They deliver more cooling than do
raised-floor options.
q They deliver air more evenly up a

cabinet.
q They deliver cooling closer to the

heat source.

Some units offer a further advantage
in that they can prevent hot and cold 
air from mixing by putting an intake on 
a hot aisle or by ducting exhaust air

The biggest
problem with
containment
strategies is
possibly fire
suppression.



directly into the AC unit. Hot air doesn’t
have to travel back to the CRAC units 40
feet away.
On the downside, these systems can

be more expensive and more complex 
to operate; and in many cases, you still
need the raised floor and traditional
CRAC design to maintain a baseline of
cooling and humidity for the rest of the
data center. Additionally, many top-blow
systems need to be ducted in order to
work, and duct systems can be pricey
and take up lots of space.
Ben Stewart, the senior vice president

of facilities at Miami-based hosting firm
Terremark Worldwide Inc., has found a
good mix by using supplemental cooling
and a traditional raised-floor CRAC 
layout.
His cabinets can handle 160 watts

(W) per square foot, but the raised floor
covers only 80 W per square foot, which
is half the capacity.
Many of Terremark’s customers need

nowhere near 80 W of cooling, but a
Terremark data center can house more
than 600 customers—all of which have

different infrastructures and needs. 
So Stewart has to design flexibility into
the system to avoid overcooling. For cus-
tomers drawing more than 80 W per
square foot, Terremark installs supple-
mental half-rack CRACs from APC.
“We’re moving the cooling closer 

to the heat source and only putting it 
in where we need it,” Stewart said.
According to the Uptime Institute’s

Sullivan, these supplemental cooling
systems deliver more cooling capacity
with less energy, specifically in high-
density situations. But he also warned
that users can get locked into supple-
mental systems.
If your needs change, it’s hard to get

that cooling capacity across the room.
“You don’t have the flexibility unless

you uninstall it and physically move the
unit,” he said, “whereas with the larger
under-floor units, you can move the 
perforated tiles based on the load.”

Liquid cooling in data centers. So
what is the most efficient means for
cooling servers? Water is about 3,500

High-density
cooling systems
can be more
expensive and
complex to 
operate than
raised floor.
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times more efficient than air at removing
heat. Server vendors and infrastructure
equipment manufacturers alike have
lined up to offer all sorts of products,
from chilled-water-rack add-ons to
pumped liquid refrigerants. But evidence
suggests that data center managers
aren’t ready for liquid cooling.
According to SearchDataCenter.com’s

2008 Data Center Decisions Purchasing
Intentions Survey, only 14% of respon-
dents had experimented with liquid
cooling to increase data center cooling
efficiency. In fact, nearly 64% of respon-
dents said they would never use liquid
cooling in their data centers—an unsur-
prising finding, said experts. Gordon
Haff, a senior analyst at Nashua, N.H.-
based Illuminata Inc., said that liquid
cooling probably scares mainstream IT
managers. He suggested that if increas-
ing server density ultimately requires 
liquid cooling, companies may be more
likely to outsource the task than deal
with the complexity.
At some major companies, however,

data center managers are kicking the

tires on liquid cooling. “Our facilities
guys are talking to engineers,” said Dra-
gan Jankovic, the vice president of tech-
nology at New York-based financial giant
the Goldman Sachs Group Inc. “Blasting
air from under the floor is very ineffi-
cient. Taking cooling to where it’s need-
ed is interesting, but it’s young. We’re
checking the pulse to see where water
cooling is headed. It’s a tactical
approach right now.”
Ted Hight, the senior technical archi-

tect at Minneapolis-based Target Corp.,
took liquid cooling a step further. The
retail juggernaut is building a brand-new
45,000-square-foot data center, and
Hight said the new building will use
chilled water to cool its racks. “But it
wouldn’t break my heart if it didn’t 
come to anything,” Hight said.
A lot of this debate rages around

water, but cooling technology vendor
Liebert is quick to note that using
pumped refrigerant eliminates a lot of
the headaches associated with liquid
cooling. Liebert’s XD systems use 
R134a rather than water, a coolant that

Vendors offer 
all sorts of liquid-
cooling products,
but evidence sug-
gests that data
center managers
aren’t ready for
liquid cooling.



changes from liquid to gas as it passes
through the system.
In data centers, pumped refrigerant

has significant advantages over water:

q Liquid refrigerant takes up a lot less
space than do water systems, both in
the cooling coils and the piping systems.
This presents a major plus for data cen-
ters trying to pack cooling into a small
space.
q If water leaks, it can damage equip-

ment. If your refrigerant leaks, you won’t
have gallons seeping onto the floor. For
data centers running lines overhead, the
difference is significant.
q Because a refrigerant changes

phase from liquid to gas, it takes less
energy to pump than water.
q Because of the plumbing involved,

water-based systems are less reconfig-
urable than refrigerant-based cooling
that uses tubing and closed-circuit 
systems.

On the other hand, water is cheaper
and easy to replace. Many rooms

already have chilled-water lines coming
in, and facility engineers are more famil-
iar with water-based systems. Addition-
ally, leaked refrigerants can have an
impact on greenhouse gas emissions
and harm the environment.
For the liquid-cooling products dis-

cussed thus far, liquid is delivered either
near or directly to the rack and is then
used to cool air locally, which in turn
cools the equipment. But some compa-
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An Argument Against 
Water Cooling
NEIL RASMUSSEN, the CTO at American Power Conversion Corp.,
said that direct water cooling is a bad application for data cen-
ters in flux. “Every day, servers are changing. It’s a much more
difficult environment to plan a structured cooling system,”
Rasmussen said. “Furthermore, not everything is a server in a
data center. There are routers, patch panels, storage. There is
a dynamic hodgepodge, where it would be very impractical to
plan water piping.” �
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Data center
designers have
debated and 
tested the 
effectiveness 
of using air-side
and water-side
economizers.

nies have introduced products that cool
servers directly by running a coolant
over the processor.
In 2007, Liberty Lake, Wash.-based

ISR Inc. rolled out its SprayCool M-
Series, a system that modifies servers 
by replacing the heat sinks in the proces-
sors with specialized chip components
that are cooled by a fine spray of 3M
Fluorinert.
Fluorinert is an inert liquid that is 

colorless, odorless, nonflammable and
safe for direct contact with sensitive
electronics. It evaporates on a modified
processor heat sink, where it changes
phase to a gas and is pumped to a heat
exchanger at the bottom of a rack, where
it is then cooled by a building’s chilled-
water system.
While the technologies make sense

from a physics standpoint, we haven’t
seen many customer case studies of
deployment. And while a higher percent-
age of respondents to the Data Center
Decisions 2008 survey implemented 
liquid cooling this year over last year
(14% versus 7%), almost 64% said they

would never use it.

THE PROS AND CONS 
OF AIR-SIDE AND WATER-SIDE
ECONOMIZERS
Over the past year, data center design-
ers have debated and tested the effec-
tiveness of using air-side and water-side
economizers as an alternative to tradi-
tional heating, ventilation and air condi-
tioning, or HVAC, systems. Economizers
use outside air temperatures to cool
servers directly or to cool chilled water
without using a chiller.
Air-side economizers bring large

quantities of cold outside air into a com-
puter room with air handlers. The energy
savings comes from not using mechani-
cal refrigeration (such as chillers and
compressors) to cool the air. Air han-
dlers duct the air in, filter it and expel 
the waste heat back outside.
Detractors of the method have noted

that the appropriate air temperatures
and humidity levels are available only to
a limited part of the country. But since



A 2007 study
on the reliability
of outside air 
to cool data
centers found
that humidity
sensors and 
filters can 
mitigate risk.
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Northern California, Oregon and Wash-
ington State are often cited as suitable
locations for the technology, and the
Northwest is one of the fastest-growing
regions in the country for data center
site selection, this objection is not a 
valid reason to dismiss air-side econo-
mizers.
There are reasons to be wary, though,

specifically because of particulates and
fluctuating humidity levels. Sullivan of
the Uptime Institute is not a fan of air-
side economizing. Particulates and
chemicals are bad news for sensitive
electronics, and he worries about the
corrosive effect of the salt air in places
like Seattle, Portland and San Francisco.
“I have customers that have been

burned,” Sullivan said. “Some have data
centers sitting on the outskirts of town,
and when the farmers start plowing the
fields, the dust clogs the AC units.”
Humidity is also a concern. “When the

air outside is dry and cold and you bring
it in and heat it up, it becomes really dry,
and you have the potential for exposure
to electrostatic discharge,” Sullivan said.

“When it’s moist outside—if it’s hot—I
could get condensation that would pro-
mote corrosion in the equipment. You
only need 75% humidity for protected
steel to rust.”
Despite these concerns, in 2007 the

Lawrence Berkeley National Laboratory
(LBNL) in Berkeley, Calif., published a
study on the reliability of outside air to
cool data centers and found that humidi-
ty sensors and filters can mitigate these
risks. According to the report, “IT equip-
ment reliability degradation due to out-
door contamination appears to be a poor
justification for not using economizers in
data centers.”
Water-side economizers are substan-

tially less controversial and avoid the
issue of particulates and humidity.
When the outside air is dry and temper-
atures are below 45 degrees Fahrenheit,
water-side economizers use a cooling
tower to cool building water without
operating a chiller. The cold water in a
cooling tower is used to cool a plate-
and-frame heat exchanger (a heat-trans-
fer device constructed of individual
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Terremark 
recently 
constructed 
a facility in
Culpeper, Va., 
and it will feature
Terremark’s first
use of water-side
free cooling.

plates) that is inserted between a cool-
ing tower and a chilled-water distribu-
tion system that runs through a building.
Dry climates can extend free cooling

because water in the cooling tower
evaporates and cools the heat exchang-
er. Sullivan said that because of low
humidity, Phoenix has more hours of free
cooling per year than Dallas or New York
City.
One barrier to water-side economizing

is that in some cases the water returning
from the cooling tower is too cold to
start a chiller. Users can mitigate this
problem by storing warmer condenser
water to warm the basin of the cooling
tower.
Stewart of Terremark is a proponent 

of free cooling—water side and air
side—but users need to be careful,
he said.
Terremark uses air-side economizers

in its Santa Clara, Calif., facility. “That is
unconditioned air, and its humidity and
cleanliness is in question,” Stewart said.
“You need to carefully monitor humidity
and adjust as necessary and filter the air

to remove dust and dirt.”
“Also, since you are adding air volume

to the space, you need to remove an
equal amount of volume somewhere or
you will pressurize your data center and
your doors will not close properly and
may even blow open,” Stewart warns.
Terremark recently constructed a 

facility in Culpeper, Va., and it will fea-
ture Terremark’s first use of water-side
free cooling, according to Stewart. 
He said the closed system avoids the
humidity, contaminant and pressuriza-
tion issues, but he’s had to factor in
other concerns, such as the addition of
Glycol to chill water so that it doesn’t
freeze.
As for the energy savings of forgoing

mechanical refrigeration, the jury is still
out. A lot of it depends on the outside air
temperatures, how much more energy
the air handlers use to filter huge
amounts of air and other factors. But in
the coming years, you can expect the
Environmental Protection Agency and
other agencies to begin tracking and
quantifying data points.



DATA CENTER 
POWER DISTRIBUTION
While not as dramatic as removing
waste heat, data center power distribu-
tion and backup inefficiencies offer 
significant targets for data center 
managers.

Raise the voltage, save power. Lately,
infrastructure vendors have paid a lot 
of attention to distribution of power at
higher voltages. According to Chris Loef-
fler, a product manager at Eaton Corp.,
virtually all IT equipment is rated to
work with input power voltages ranging
from 100 volts (V) to 240 V alternating
current (AC). The higher the voltage, the
more efficiently the unit operates. But
most equipment runs off lower-voltage
power: the traditional 120 V.
According to new research from Eaton,

a Hewlett-Packard Co. ProLiant DL380
Generation 5 server, for example, oper-
ates at 82% efficiency at 120 V, at 84%
efficiency at 208 V and at 85% efficien-
cy at 230 V.
A data center could gain this incre-

mental advantage just by changing the
input power and the power distribution
unit (PDU) in a rack.
Peter A. Panfil, the vice president and

general manager of Liebert’s AC Power
division, agrees that users can get a 2%
to 3% efficiency increase using 208 V
versus 120 V. “People say that virtually
everything is coming at 208 V, but they
have lots of equipment coming in at 120
V,” he said. “The IT people are more
comfortable with 120 V, but there is 
no safety tradeoff.”
APC’s Avelar said there are very few 

IT pros that understand how operating
IT equipment at higher voltages results
in lower electrical losses. “To date, I 
have seen this practice mentioned in the
press but only as one of many efficiency
improvements to data centers. I would
bet that IT professionals that did read
about this practice are not going out of
their way to specify 208 V AC IT equip-
ment over 120 V AC.”
McFarlane offers advice for data cen-

ter pros exploring this approach in the
future. “The first step is to look at your

Data center
power distribu-
tion and backup
inefficiencies
offer significant
targets for data
center managers.
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servers,” he said. “See if they auto-sense
208 V, and see what you can do about
running 208 to your cabinets instead of
120. There are plenty of PDUs that will
deliver 208 and 120 to the same strip if
you wire it right.”
But why stop at 208? By distributing

power at even higher voltages, you can
save even more energy. For example,
power distribution at 400 V/230 V and
operating IT equipment at higher volt-
ages (using technology currently avail-
able in Europe), the power chain would
be even more efficient.
“Compared to 400V/230 V AC distri-

bution, the efficiency gain in going from
120 to 208 is small,” Avelar said. “If IT
managers understood the minimal effi-
ciency gain of switching everything over
to 208 V, it wouldn't be worth the trou-
ble and expense.”
According to Eaton, distributing power

at 400 V/230 V can be 3% more effi-
cient in voltage transformation and 2%
more efficient in the power supply in the
IT equipment. This slight increase in effi-
ciency is still worthwhile; and a data

center with 1,000 servers could save
$40,000 annually.
Loeffler said the main factor holding

users back from distributing power at
400 V/230 V is that the equipment 
to handle these voltages is CE marked 
(i.e., it contains the manufacturer’s seal
that it meets the European Union safety
standards) but not approved by Under-
writers Laboratories (UL), the U.S. 
product testing and compliance 
organization.
“The global UPS manufacturers all

make 400-volt systems, and we’ve 
done a number of Google data centers 
at 400 V, bringing in our CE-marked
equipment,” Loeffler said. “But UL means
something for some people, and you
would have a tough time looking at this
as a partial upgrade.”
APC and Liebert have encountered

customer interest in building data cen-
ters with higher voltage power distribu-
tion matching the European specs of
400/230. But both companies recom-
mend a slightly different approach. 
“Instead of 400 V/230 V AC, we are

The main factor
holding users
back from distrib-
uting power at
400 V/230 V 
is that the equip-
ment to handle
these voltages is
not approved by
Underwriters
Laboratories.
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offering standard modular distribution at
415 V/240 V AC. The reason for increas-
ing the voltage by 15 volts is because the
voltage range of IT equipment is 100 V
to 240 V AC. So it makes sense to offer
the highest acceptable voltage,” Avelar
said. 
Panfil, on the other hand, said Liebert

customers weigh distributions between
400 V and 575 V. “Many are choosing
575 V because it makes the most 
effective utilization of the incoming
switchgear (which is current based) and
costs less in wiring because of the lower
currents and uses more of the available
component rating (600 V).
In a recent Emerson Liebert data cen-

ter user group survey, 46% of respon-
dents said they were likely or definitely
willing to use a higher-voltage PDU to
run power to the load.

Modular UPS system design. The
biggest energy-loss item in the power
chain is the uninterruptible power sup-
ply. A double-conversion UPS takes the
AC power from the line and converts it

to DC; the DC then charges the batteries
and goes through a converter that
changes it back to AC. All these steps
involve some loss of energy.
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Flywheels: Old-School 
Green Technology 
FLYWHEEL ENERGY STORAGE technology has been around for
decades. The primary power source spins a heavy disk called 
a flywheel. This builds up kinetic energy based on the mass 
of the flywheel and the speed at which it rotates, which can be
as fast as 54,000 rotations per minute. When the power goes
out, even if it’s for a second or two, the flywheel releases the
built-up kinetic energy back into the data center until power
resumes or a backup generator turns on, which usually takes
between 10 and 20 seconds.
In most operations, flywheels work side by side with batter-

ies. Short outages can kill battery life, and according to the
Electric Power Research Institute in Palo Alto, Calif., 98% of
utility interruptions last less than 10 seconds. If a flywheel can
sustain power for that time, it can prolong the life of a string 
of batteries by reducing how many times the are “cycled.” �



Vendors generally claim good efficien-
cy for double-conversion UPS systems,
but they usually publish efficiency rat-
ings only at full load. Since large, tradi-
tional UPS systems are usually pur-
chased with all the capacity anticipated
for the future, they often run well below
capacity for a number of years, if not for-
ever, said McFarlane. “Also, good operat-
ing practice said you’ll never run the UPS
at full load because it leaves you no
headroom. And the efficiency curve on
most of these UPSes drops like a rock as
the load level goes down.”
McFarlane noted that the need for

redundancy exacerbates this problem.
Three 500 kilovolt-amp (kVA) UPSes,
for example, would be intended to deliv-
er a maximum of 1,000 kVA in an N+1
redundant configuration, so if one unit
fails or is shut down for service, the full
design capacity is still available.
Even at full design load, you’re running

at only 67% of actual system capacity.
Now put in two of these systems for a
2N configuration of N+1 UPSes per the
Uptime Institute’s Tier 4 of its Tier Per-

formance Standards, and you have each
UPS system running at less than 50% 
of its already less than 67% potential
load.
Under these circumstances, you could

easily run at 65% efficiency or less. The
major UPS manufacturers have taken
steps to improve this situation as much
as possible, said McFarlane, and new
products in the pipeline will address the
problem even more effectively.
In the meantime, modular UPS sys-

tems are one way to mitigate the prob-
lems associated with low efficiency.
With careful planning, modular UPS

systems can be configured and readily
re-configured to run closer to capacity.
Some UPSes on the market are modular
and operate in much smaller increments,
such as 10 kilowatt (kW) to 25 kW 
models.
A smaller data center that needs 80

kW of capacity, for example, can pur-
chase nine 10 kW modules for 90 kW
capacity. If one module breaks down, the
system has enough headroom to cover it
while running at far higher utilization.

Modular uninter-
ruptible supply
systems are one
way to mitigate
low efficiency.
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THE DIRECT-CURRENT DEBATE
Engineering experts have lined up on
both sides of the direct-current power
data center debate, and the feud is as
heated as the original between Thomas
Edison and George Westinghouse.
The idea of powering data center

equipment with DC has generated inter-
est in the industry as a way to save ener-
gy in data centers, especially since the
release of a 2006 LBNL study indicated
that companies could see a 10% to 20%
energy savings if they adopt DC power
over AC.
In a traditional system, the utility com-

pany sends electricity to a data center in
AC, which is easier to distribute in that
form over long distances. The AC is con-
verted to DC at the power distribution
unit, converted back to AC to begin its
path to servers and finally converted
back again to DC by each individual
server.
In a DC system, there is only one 

conversion from the utility (AC) to the
DC distribution plant and servers. Fewer
conversions mean less energy is lost in

the course of distribution.
But the road to DC is rocky; there are

myriad potential pitfalls:

q You can’t just go plugging servers
into racks with DC. Every time you plug
something in, it changes the current
draw. In fact, experts say you’re going 
to need an electrical engineer on staff 
to deal with DC in the data center.
q A DC UPS can cost 20% to 40%

more than AC.
q Some users say DC equipment is

scarce. Sun, Cisco and Rackable Systems
Inc. offer a lot of DC products, but HP,
IBM Corp. and Hitachi Data Systems are
lacking.

One UPS manufacturer suggested 
that LBNL compared cutting-edge DC
with outdated AC technology. But
William Tschudi, a project leader at
LBNL and a longtime data center effi-
ciency advocate, put that rumor to rest.
“We were accepting the equipment

vendors loaned us,” Tschudi said “We
got their best in class, and [DC power]

The idea of 
powering data
center equipment
with DC has 
generated 
interest.
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still saw 10% savings against a very effi-
cient [AC] UPS system.” 
Nonetheless, the general consensus

from UPS vendors is that before revert-
ing to DC to save that little bit more,
there are easier ways to save energy in
data centers: Time, effort and money
can be better spent elsewhere.
Tschudi conceded that there are issues

concerning voltage sags, connections
and grounding that worry data center
managers. But companies have begun to
overcome these problems in other appli-
cations; and as the price of power sky-
rockets, more data centers and vendors
may explore DC power technology.

Prioritizing. For data center managers
planning to implement a green strategy,
it’s important to have short-, mid- and
long-term goals. When it comes to
mechanical infrastructure efficiency, the
alternatives range from the mundane to
the experimental. 
Near-term strategies include auditing

hot-aisle/cold-aisle implementation and
raised-floor maintenance. Another tactic

is to ensure that the voltage from the
PDU to the server runs at 208 V and 
not 120 V. These approaches are low or
no cost.
In the midterm, data center managers

should investigate high-efficiency sup-
plemental cooling units for high-density
server deployments and smaller UPS
systems for modular growth.
And over the long term—when new

construction is warranted, more energy-
efficiency data is available and stan-
dards are in place—companies should
investigate economizers, liquid cooling
and DC power. �

Matt Stansberry is the senior site editor of SearchData-
Center.com. Since 2003, Stansberry has reported on the
convergence of IT, facility management and energy issues.
Previously, Stansberry was the managing editor of

Today’s Facility Managermagazine and a staff writer at 
the U.S. Green Building Council. He can be reached at
mstansberry@techtarget.com.

The general 
consensus from
UPS vendors is
that there are
easier ways to
save energy in
data centers than
with DC power.
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About APC: RIn February 2007, APC and MGE UPS Systems combined to form a ¤2.4 billion ($3.5 billion)
Critical Power and Cooling Services business unit of Schneider Electric. The Critical Power and Cooling Services
division offers the industry’s most comprehensive product and solution range for critical IT and process appli-
cations in industrial, enterprise, small and medium business and home environments. The company’s solutions
include APC’s InfraStruXure® data center architecture, the industry’s most comprehensive integrated power,
cooling, and management solution. The company’s products also include APC and MGE-brand uninterruptible
power supplies (UPS), along with APC-brand precision cooling units, racks, and design and management soft-
ware. Backed by the industry’s broadest service organization and an industry leading R&D investment, the
company’s 12,000 employees help customers confront today’s unprecedented power, cooling and management
challenges. Schneider Electric, with 112,000 employees and operations in 190 countries, had 2007 annual sales
of ¤17.3 billion ($25 billion). For more information on APC, please visit www.apc.com. All trademarks are the
property of their owners. 
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