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Virtualization, consolidation, high-density computing... new technologies and approaches 
such as these are redefining the data center landscape.  The benefits are seen in greater 
operating efficiency, more effective disaster recovery and smoother day-to-day 
management. 

But there might be a hidden price. Is your data center ready for it?  The power and 
cooling infrastructure—which may have been quite sufficient for the pre-virtualization 
era—could easily become inadequate when data center performance patterns are 
radically altered. 

That was the topic of discussion for an interactive Webcast featuring Andreas 
Antonopolous, senior vice-president and founding partner of Nemertes Research, and 
Chris Loeffler, global applications manager for data center solutions at Eaton 
Corporation.  The 60-minute Webcast addressed the impact of virtualization and other 
game-changing IT technologies on the power and cooling systems that support them. 

The business case for virtualization is compelling. 
“In a statically allocated data center, you run the risk of being over-provisioned during 
most of the year, where you have far too many resources allocated for low demands,” 
said Antonopolous, “and then when you need that capacity the most, you realize that 
you’re under-provisioned as demand accelerates rapidly and outstrips your capacity.”  
Virtualization enables applications to be shifted at will to match resources to demand. 

The ability to match resources to changing workloads translates into many different 
benefits.  “In the first three years of the virtualization phenomenon, the trend was towards 
adopting virtualization to reduce capital costs [by reducing server count],” said 
Antonopolous.  “But the trend has now shifted.  Many companies have now realized that 
one of the main benefits of virtualization is agility, the ability to rapidly deploy new 
applications and readjust the data center … to navigate very quickly in a highly 
competitive environment.  As a result, agility has become a primary driver for 83 percent 
of the organizations we benchmarked.” 

If agility is a primary driver pushing the request for virtualization projects, then cost 
savings are surely the primary driver pushing approval—especially as IT budgets are 
stagnant or declining.  In an informal poll conducted during the Webcast, 56 percent of 
respondents said their organizations plan to spend less on IT than they did in 2008.  
Another 36 percent were facing the same budget.  Only eight percent said they planned 
to increase IT spend in 2009. 
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Under pressure to do more with less, “companies are looking for rapid, justifiable return 
on investment,” said Antonopolous.  “We see returns [on virtualization projects] 
exceeding 150 percent, in many cases exceeding 300 and 400 percent, depending on a 
number of factors.  … If you had bought a lot of servers and were running at very low 
utilization, obviously the initial, big-bang consolidation ROI you get will be very, very high.  
But even with companies that didn’t have a big spending binge on servers in the ‘90s and 
2000s, you still have enormous savings.  We estimate that every virtualization project will 
deliver a return of at least 120 percent in less than 12 months, if attempted.” 

Rapid ROI is driving rapid adoption, Antonopolous added.  A 2008 Nemertes study 
showed that 90 percent of respondents had some form of virtualization project—either in 
pilots, testing or implementation—compared to only 40 percent a year ago.  “Even more 
interesting, 78 percent of respondents had some form of virtualization facing customers 
or end users.  That’s a very important milestone.  It means the technology has matured 
enough to put it in use for critical applications, and that has just happened in 2008.” 

Antonopolous conceded that there is an intrinsic bias to that particular survey.  If you are 
participating in a virtualization benchmark study, chances are you have some active 
interest.  In our Webcast poll, 60 percent of respondents said they had virtualized 
servers.  To a lesser extent, they had also virtualized storage systems, desktop 
applications and network resources.  Only 9.1 percent had not explored virtualization yet. 

Will software vendors go along with virtualization? 
Some vendors have been reluctant to support their applications on shared 
platforms—a real hindrance to virtualization projects.  That is changing, said 
Antonopolous.  “The number of applications that IT executives say they are not 
virtualizing due to vendor concerns has dropped dramatically.  It was greater than 30 
percent a few years ago, and now it’s down into the single digits.”  

This trend is due in part to customers taking an active role, volunteering to be beta 
testers in return for early support.  “In other cases, we’ve seen guerilla virtualization, 
where a company virtualizes an application, and they don’t tell the vendor.  They may 
even keep a physical server on standby.  If there’s a problem or bug in the system, it 
is dumped onto the physical server, so the vendor can go troubleshoot it there, 
replicate the error, fix it—and then the application gets moved back into the virtual 
domain.” 

“Either way, any barriers brought up by vendors have been very quickly overcome by 
end users, and the number of applications not supported by vendors in virtualization 
environments has dropped dramatically.” 

Is your data center ready for virtualization? 
For all the merits of virtualization, there are some challenges: 

• There will be fewer servers, but each one will be more critical than ever.  
• Overall power consumption will be lower, but it will be highly variable.   
• Consolidating applications into fewer high-density racks brings unwanted heat 

issues. 
• Applications can be dynamically reallocated at will, but the support infrastructure 

can’t do the same. 
• Data center footprint will be smaller, but overall efficiency might still be 

suboptimal. 
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These realities call for some new considerations for the infrastructure that supports it 
all—your power and cooling systems. 

Virtualization and consolidation increase power demand per rack. 
Loeffler presented a typical case study for a small data center running 240 applications, 
each one on a dedicated server running at about 10 to 15 percent CPU utilization.  
“That’s a fairly high-powered little eight-rack configuration,” Loeffler noted.  “What if we 
wanted to virtualize as much as we could to save energy?” 

By consolidating four applications on each server (and assuming that 30 applications 
were not candidates for a shared platform), virtualization would reduce the number of 
servers from 240 to 82— saving six racks, 28 kW of power draw, eight tons of cooling 
capacity, and more than $38,000 a year in power and cooling costs.  

Sounds great, but what will that do to rack-level power requirements?  Servers running at 
higher CPU utilization are more efficient using power, but they do draw more power per 
server, and there will be more servers per rack.  Is rack power distribution up to the task?  

“If your data center was designed five to 10 years ago, power drops to rack power strips 
or enclosure power distribution units—what we call ePDUs®—are probably in the green 
range on the chart,” Loeffler said.   Standard power density, constrained by the cord/plug 
type on the PDU, is limited to less than a dozen 1U servers per rack. 

Figure 1.  Available power to an enclosure is constrained by PDU cord/plug type. 

Typical 
Cord/Plug AMPS Voltage

1 or 3 
phase

Watts 
Available

Number of 
1U servers 

Number of 
Blade 

Servers
Power 
Density

5-15P 15 120 1 1440 4
5-20P 20 120 1 1920 5

L5-30P 30 120 1 2880 8
L6-20P 20 208/240 1 3328/3840 9-11
L6-30P 30 208/240 1 4992/5760 14-16 1
L21-20P 20 208 3 5764 16 1
L21-30P 30 208 3 8646 24 2

IEC309-60 60 208 1 9984 28 2
CA Std 50A 50 208 3 14410 41 3
IEC309-60 60 208 3 17293 49 3
Hardwire 80 208 3 23057 5
Hardwire 100 208 3 36026 9

Blade servers calculated at 4000W each
1U servers calculated at 350W each

Average servers supported

Mid-range

High

Ultra-high

Standard

 

“Your power distribution may need to be upgraded to handle midrange or maybe even 
high power distribution—the yellow or orange bands on this chart,” Loeffler said.  “The 
last thing you want is to have a smaller-than-needed breaker in front of a full rack power 
distribution unit, and run the risk of having that trip offline and taking everything down.” 
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High-density servers could max out available utility power to the data center. 
Consider a typical data center with a one-megawatt input from the utility company.  
Higher-density, power-hungry servers—and the extra cooling demands they create—
could be pushing that limit, if not now, then on the horizon.  It is a costly and slow 
proposition to upgrade to 2 megawatt utility source.  It’s even costlier to build a new data 
center. 

Fortunately, new technologies provide ways to free up power that is being wasted today.  
For example, you could: 

• Substitute more efficient UPSs.  “If you’re still using the UPSs from the original 
data center deployment, five or 10 years ago, these UPSs might be five, 10 or 
even 15 percent less efficient than today’s systems,” Loeffler said.  UPSs from 
the 1980s were 75 to 80 percent efficient at best.  Transformerless designs, 
introduced in the 1990s, boosted efficiency to 85 to 90 percent.  Now you can 
expect up to 97 to 99 percent efficiency with new UPSs that operate in multiple 
modes—optimizing performance and efficiency to match real-time power 
conditions.  It’s easy to see the gains that could be made by replacing older 
UPSs with more efficient newer models. 

• Optimize the cooling system.  If the data center was designed more than five 
years ago, there is probably much room for improvement here.  Even popular 
hot-aisle/cold-aisle approaches have a lot of inefficiencies, because hot and cold 
air can mix.  New data center designs have cabinets with integral heat-exhaust 
chimneys, separators or other cold aisle containment strategies to isolate hot and 
cold air. 

“No longer do you have that mix of hot air coming from the back of the system, 
turning around the front to be drawn in by your servers,” Loeffler said.  “You 
control the airflow so that your cold air is always at the server intakes, and the 
hot air is always returned directly to the air conditioning system return lines.  This 
is the most efficient type of cooling scenario.” 

• Consider alternative power sources.  Large fuel cell technology is a viable 
option for universities, government agencies and utilities, Loeffler said, “but not 
many companies can justify the cost, which is four to five times higher than 
battery systems.  The technology is getting better and better, as we’re seeing 
more push from the automotive industry.  But for small fuel cells in the equipment 
room, we figure that’s a technology that’s still five to 10 years out for most 
companies.” 

A more realistic, near-term option is to use a recombinant cooling system that 
recaptures some of the heat dissipated by IT systems to fuel turbines or fuel 
cells—and use this energy to stretch the available utility power supply.  “This 
technology is becoming more and more popular,” Loeffler said, “especially in 
urban areas where data centers cannot add power to the base platform they 
have today.” 
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Virtualization makes every rack more mission-critical than ever. 
In the world of virtualization, you have a lot more applications running in that one rack of 
equipment,” Loeffler noted.  “I think it was Rockefeller who said, ‘If I have to put all of my 
eggs in one basket, I have to watch that basket very, very carefully.’” 

The eggs-in-one-basket risk can be addressed with solid infrastructure design that 
provides redundancy in all essential support systems.  Redundant UPSs, multi-module 
UPSs operating in parallel configurations, dual power supplies, flywheel systems working 
in partnership with backup batteries… strategies such as these provide a highly resilient 
power system. 

“We’re also seeing a tremendous number of people wanting to get smarter power 
distribution devices that can warn them when breakers are getting close to capacity—so 
they don’t put too many virtual machines on one rack and force a failure over time,” 
Loeffler said.  The ability to see power draw at the server level becomes critical as 
equipment such as blade servers and power over Ethernet (PoE) switches draw far more 
power than their legacy counterparts. 

On the plus side, Loeffler noted that some aspects of virtualization actually increase 
availability.  For example, “operating systems become more standardized, with fewer 
changes, and they are deployed in more of a cookie-cutter fashion—and that reduces 
human error.  When moving to virtualization, most companies buy servers that are 
bigger, sturdier and have dual power supplies—along with the failover capability that 
comes with virtualization.  The end result is that availability becomes one of the touted 
benefits of virtualization,” rather than a weakness. 

Applications can be dynamically reallocated at will, 
but the support infrastructure can’t do the same. 
“Every once in a while at conferences, somebody will ask me, ‘Can you have virtualized 
power?’” said Loeffler.  “That would be great, in theory, if we could just transpose power 
wherever we need it, but in the real world—when you’re talking about the power levels 
that this equipment takes today—you’re pretty much stuck with an infrastructure that has 
a maximum capacity,” set by national standards bodies to ensure safety.  “Safety 
devices—fuses and breakers—will come offline before you have those nice little fires that 
come up,” Loeffler quipped.  “But that doesn’t mean that you can’t optimize your 
infrastructure to be the most efficient and adaptable for your needs.” 

One approach is to use modular power components, such as modular UPSs that can 
expand on demand.  You could start with, say, a 12 kW module today, add modules as 
needed, and build up to 60 kW in a single rack as needed—deployed anywhere in the 
data center. 

New plug-and-play power distribution elements make it easier than ever to respond to 
moves, adds and changes—the constant flux of the virtualized world. “We’re also seeing 
a lot of move toward bus-way type cable distribution overhead (rather than under the 
raised floor), which makes it very easy to adapt to change,” said Antonopolous.  “No 
matter what size the data center, overhead cabling removes the need to have that 
spider’s nest of cabling under the floor, which can create blockages that prevent your 
cooling system from operating properly.” 
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Taking modularity a step further, you can build out the entire data center in building block 
increments.  There’s no need to provision and cool empty space you don’t need yet.  
“Virtualization is changing the game,” Loeffler said, making it much harder to predict how 
much power and cooling will be needed where.  “You can protect yourself with a modular 
approach.  Build out a small piece of it, the power and cooling to go with that, and in a 
couple of years, when you want to add more IT, you can build it out to match your needs 
as growth happens.” 

Do you know what your utility bill is? 
For the past three years, we’ve asked data center managers, ‘Do you know what 
your utility bill is?’” said Antonopolous.  “Year after year after year, more than 78 
percent of IT decision-makers have said ‘No, we don’t.’” 

That’s because IT and Facilities are usually in separate organizations, using separate 
monitoring systems, and rarely collaborating to optimize across both functions.   

“If you’re an IT person, and you know you can get ROI from this virtualization project, 
and almost all of that ROI or at least a big chunk of it is going to go into somebody 
else’s budget, it’s a lot harder to justify to the CFO,” said Antonopolous.  “In the past 
few years, we’ve seen a convergence of these two functions, especially in terms of 
utilities to the data center.  This trend has an immediate impact on the ability to push 
forward virtualization projects.” 

Data center footprint will be smaller, but overall efficiency might still be suboptimal. 
There’s no question that virtualization saves energy in absolute terms, but another 
important metric is the ratio of energy in to energy productively used.  How much energy 
directly fueled IT processing, and how much was consumed (or wasted) by support 
systems?  From The Green Grid organization we get a simple but useful metric known as 
power utilization effectiveness (PUE)—a measure of total power coming into the data 
center versus power for IT equipment. 

 

Figure 2.  PUE is a ratio of total power in to power used by IT 
A PUE of 1.6 would be ideal; 2.0 is a realistic target; 2.4 to 3.0 is typical. 

“If I’m bringing in one megawatt of power and IT systems are really only using 400 kW, 
then my PUE is 2.5, which fits into the typical range” said Loeffler.  “This is a good metric 
to use to start to make improvements.”  
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Loeffler showed a sample case of a hypothetical data center—before and after 
virtualization.  The “before” view was designed around 1U server platforms, about 4kW 
per rack, distributed across a roomful of 100 racks.  The “after” view condensed 
applications onto 20 racks, with the same UPS rating and cooling capacity.  It looks great 
on paper.  Overall energy consumption is way down, but PUE has not improved. 

  

Figure 3. 
Before virtualization After virtualization 
Low-density servers, average PUE of 2.5 Reduced energy consumption,  
 but PUE is still 2.5 

Loeffler noted that the above illustrations are symbolic, not architectural; “You’re probably 
not going to stick those two rows of flame-throwing blade servers together, and have the 
space closest to those racks at 100 degrees.”  But the point remains, if you haven’t done 
anything to improve energy efficiency, PUE won’t necessarily be any better than in pre-
virtualization days.  Your overall power consumption is lower, but could it be even better?  
Maybe the legacy UPS is due to be replaced.  Maybe the control logic for the computer 
room air conditioning system is out of line, and CRAC units are fighting with each other.  
Any number of factors could be contributing to wasted energy. 

This issue points to the importance of knowing exactly where energy goes in the data 
center.  “One of the first steps: instrument your electrical subsystem,” said Antonopolous.  
“If you can read how much energy is being consumed at various points in the data 
center—from the utility feed to intermediate points and to the endpoints and servers—
then you can calculate the PUE and build a solid business case.” 

Technology is no longer a barrier to this effort.  New smart, enclosure-based PDUs 
deliver information about energy at the individual receptacle level.  Power distribution 
systems can be retrofitted to track power consumption for entire panelboards or for 
individual branch circuits.  High-end power meters have become affordable for data 
center applications.  Environmental probes reveal conditions inside racks, without taking 
up any U space. 

“We have tools that pull all that real-time data and statistics from [the support 
infrastructure, power and cooling], and tie that into IT reporting systems, such as IBM 
Tivoli or HP OpenView,” said Loeffler.  “Bringing that data together, maybe even looking 
at the cost signals coming out of the utility [variable costs per kilowatt-hour], you can 
understand how virtualization strategies impact the operation.  You can make 
improvements, track what the data center is doing, make smart judgments and be more 
competitive in the environment today.” 
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Eaton named “Best Overall Power Systems Provider” 
For virtualization and data center technology 

In November 2008, Nemertes Research published the results of their most in-depth 
research project ever conducted in the areas of virtualization and data center 
technology.  The research project assessed 1,252 companies using Web-based 
surveys and detailed telephone interviews with IT decision-makers. 

 “When we asked these questions, we didn’t limit the list of vendors,” Antonopolous 
said.  “[Survey participants] can talk about any vendor that they used in their 
environments.  The end result was that both in the individual ratings and in the overall 
average, Eaton was ahead of its competitors and scored very highly on strength of 
technology, on quality of customer service and support, and on the value 
proposition—thus becoming the clear winner in this category and winning the overall 
award for the best provider for power systems.” 

About Eaton Corporation 
Eaton Corporation is a diversified power management company with 2007 sales of $13 
billion. Eaton is a global technology leader in electrical systems for power quality, 
distribution and control; hydraulics components, systems and services for industrial and 
mobile equipment; aerospace fuel, hydraulics and pneumatic systems for commercial 
and military use; and truck and automotive drivetrain and powertrain systems for 
performance, fuel economy and safety.   

Eaton has approximately 75,000 employees and sells products to customers in more 
than 150 countries.   
For more information, visit www.eaton.com. 

About Nemertes Research 
Nemertes Research is a research-advisory firm that specializes in analyzing and 
quantifying the business value of emerging technologies.  You can learn more about 
Nemertes Research at the firm’s Website, www.nemertes.com, or contact them directly at 
research@nemertes.com. 

Eaton and ePDU are trade names, trademarks, and/or service marks of Eaton Corporation and its subsidiaries 
or affiliates. 
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