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Data center cooling
efficiency
Help reduce energy consumption and costs while
extending equipment life
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Introduction
Data centers are consuming more energy as computing power and
storage requirements continue to grow. To keep up with this trend,
organizations need to build more efficient data centers that can better
accommodate capacity demands, environmental considerations and
growing energy costs.
Historically, the cooling system of the data center—especially the
chiller— requires a significant amount of energy to operate. But in order
to remain competitive and support green IT initiatives, organizations
need to develop a strategy to cut costs while doing more with less.
However, balancing these requirements can be challenging.

“Cooling is one of the largest costs of operating a
data center, and it has a potential impact on the
environment.”1
This white paper examines three facts that influence data center cooling
efficiency decisions. It then describes IBM’s patented cooling process,
which involves two separate systems—one for sensible heat and one for
data center pressurization, fresh air make-up and humidity control. By
designing the cooling system in a more efficient way, our process helps
you reduce energy consumption and costs in the data center, while reducing maintenance requirements and extending the life of your equipment.
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Fact 1. The chiller consumes a large
amount of power.
The cooling system is part of the mechanical system of the data
center and helps keep the data center at a low temperature to
prevent IT equipment from overheating. Chillers consume a
large percentage of electricity by generating chilled water for
the heating, ventilating and air conditioning (HVAC) units.
Many organizations are facing pressure to make their data
centers more energy efficient. However, despite increased
energy demands, budgets remain relatively unchanged.

Low-end temperature

18°C (64.4°F)

High-end temperature

27°C (80.6°F)

Low-end moisture

5.5°C dew point (DP) (41.9°F)

High-end moisture

60% relative humidity (RH) and
15°C DP (59°F DP)

The TC 9.9 committee recommends that air inlet temperature
to the server should be between 18°C and 27°C. Note the
range is identified as a recommended zone and not a required
zone. This is because the IT equipment is capable of operating
outside the recommended zone and this does not portray the
absolute limits of inlet air temperature and humidity for IT
equipment. The TC 9.9 committee also elaborated on the
“allowable” temperature envelope depending on IT equipment
classes.

A possible approach is to exchange the chiller for a newer
and more efficient model to help improve energy efficiency.
However, IBM suggests a different approach. Our patented
cooling process uses a more holistic method that can address
chiller power consumption as well as the entire mechanical
system power consumption.

Fact 2. Data centers may operate outside
ASHRAE-recommended thermal
guidelines.

In other words, the data center operator should try to stay as
close as possible to the recommended envelope (18°C to 27°C)
but can also consider that their IT equipment can run in the
allowable zone without an adverse effect on the reliability,
which is also affected by environmental class definitions. For
instance, Class A1 equipment—which are typically part of a
data center with tightly controlled environmental parameters,
such as dew point, temperature and relative humidity—can
operate up to 32°C. Meanwhile, Class A4 equipment—which is
characterized by some control of environmental parameters—
can operate up to 45°C. Some data center operators choose to
always operate their IT equipment in the allowable zone. It
should be noted that running IT equipment in an allowable
zone for an extended period of time may have an effect on the
IT equipment life span, which should be evaluated and calculated. Operation in the allowable zone can provide a substantial
energy savings.

Summary of findings by ASHRAE.2
ASHRAE is an American non-profit organization promoting
energy conservation and HVAC optimization through the
Technical Committee (TC) 9.9. TC 9.9 is formed from nearly
all the major IT manufacturers and has developed IT environmental thermal guidelines. The goal of TC 9.9 is to provide
guidance to data center operators on maintaining high reliability and operating their data centers in a more energy-efficient
manner. In a 2011 revision to the standards, participating
major IT manufacturers unanimously agreed to the following
recommended thermal guidelines for IT equipment.
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A good compromise may be to run the IT equipment in the
recommended zone, while providing the opportunity to float
into the allowable zone for common reasons such as energy
reduction or cooling equipment failures. Data center operators
typically know if their equipment is designed to support those
conditions.

One system handles sensible heat (IT load) and the other
system controls the data center pressurization, fresh air makeup and humidity control. The concept is that by dealing with
sensible and latent heat separately, it can reduce condensation
and the humidification needs as well as the number of hours
that the chiller will be required to operate. This helps reduce
the energy consumption and required maintenance of the
equipment, while also increasing the life expectancy of
the equipment.

Fact 3. Data center equipment generates
sensible heat only.
Many data center cooling systems are designed using office
building cooling concepts. However, data center cooling
requirements are considerably different than office building
requirements. For example, the data center heat load is sensible
heat (dry heat, no humidity) because of the low number of
required people in the space and the low requirement of the
fresh air make-up in comparison to the heat load of the IT
equipment.

This IBM patented cooling concept has been in operation for
more than two years at our new IBM Client Center (ICC) in
Singapore. The power use effectiveness (PUE) (which includes
all components as stipulated by The Green Grid Institute) is
under 1.4. Additionally, the Singapore climate is the most
stringent climate for data center operations, referred to as climate 1A (hot and humid) according to ASHRAE. In this type
of climate, the potential for free cooling is out of the question.
Our design allows the air conditioning system to operate more
efficiently, for an improvement of up to 22 percent system
efficiency.3

Considering this fact, tailoring the data center cooling system
to the data center needs can improve energy consumption and
can provide a better environmental control.

In a cooler climate condition, the patented design can increase
free cooling from 30 percent of the time (or 2,628 hours) to
80 percent of the time and 7000 hours.4

The IBM solution
Experienced IBM engineers have developed a patented concept
that is adapted to operate the data center in accordance with the
latest ASHRAE environmental guidelines that can reduce the
chiller energy consumption and extend the life expectancy of
the cooling systems. This concept is adaptable to operating the
data center within the recommended zone as well as within
the allowable zone.

This concept helps bring considerable savings in term of energy
consumption while also helping to reduce the maintenance
requirement and extend the life of the equipment. Also, the
reliability of the facility can be improved by reducing the need
for equipment maintenance—for example, extending the life
of the air-handling units—and potential mishaps from human
error. As with any equipment replacement, risk of data center
failure or shut down may occur.

The IBM patented cooling concept considers the three facts
discussed in this white paper, and brings the data center design
to a new era. IBM’s concept uses two different cooling systems.

3

Conclusion
The new IBM patented cooling concept is a design differentiator and addresses concerns raised in the three facts, including
energy cost, thermal guidelines and sensible heat generation.
The IBM solution can help you create a state-of-the-art data
center that is designed to be more efficient, reliable and easier
to operate and maintain. This cooling concept demonstrated
reduced capital cost when compared to traditional cooling
systems.
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IBM owns and manages more than eight million square feet
of data centers and can draw on our years of cumulative expertise to help your organization reduce data center energy and
operating costs.

IBM, the IBM logo, and ibm.com are trademarks of International Business
Machines Corp., registered in many jurisdictions worldwide. Other product
and service names might be trademarks of IBM or other companies.
A current list of IBM trademarks is available on the web at “Copyright
and trademark information” at ibm.com/legal/copytrade.shtml

For more information

This document is current as of the initial date of publication and may be
changed by IBM at any time. Not all offerings are available in every
country in which IBM operates.

Contact the following IBM resources for more information:
●●

●●

●●

The performance data discussed herein is presented as derived under
specific operating conditions. Actual results may vary.

Wally Karrat karrat@us.ibm.com
Bret Lehman bwlehman@us.ibm.com
Daniel Pare dpare@ca.ibm.com

THE INFORMATION IN THIS DOCUMENT IS PROVIDED
“AS IS” WITHOUT ANY WARRANTY, EXPRESS OR
IMPLIED, INCLUDING WITHOUT ANY WARRANTIES
OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE AND ANY WARRANTY OR CONDITION OF
NON-INFRINGEMENT. IBM products are warranted according to the
terms and conditions of the agreements under which they are provided.

Additionally, IBM Global Financing can help you acquire the
IT solutions that your business needs in the most cost-effective
and strategic way possible. For credit-qualified clients we
can customize an IT financing solution to suit your business
requirements, enable effective cash management, and improve
your total cost of ownership. IBM Global Financing is your
smartest choice to fund critical IT investments and propel
your business forward. For more information, visit:
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