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Very often, we find it challenging which cooling technology to select for a specific data
center, as so many different good cooling technologies are now available from which
to choose. This column provides insight on different free cooling technologies avail-
able, along with a guideline for choosing the right technology.

No doubt, energy efficiency (e.g., Green Grid’s power
usage effectiveness [PUE] metric or mechanical load com-
ponent/electrical loss component [MLC/ELC] values per
ASHRAE Standard 90.4, Energy Standard for Data Centers)
is one of the most important criteria, but it is not always
the only deciding factor for choosing a particular cooling
technology over others. Many other points besides energy
efficiency need consideration before we finally decide
which cooling technology to go with. Let’s explore.

Some of the main free cooling technologies available
for data centers currently are detailed below. This is not
an all-inclusive list, but rather one based on the author’s
20 years of personal experience in the field of HVAC
(comfort, data center and district cooling). These cool-
ing technologies will be explored per three main criteria:
additional elements required by the client (they often
have owner project requirements [OPR] based on their
internal engineering teams and/or previous experience),
building side requirement and additional points.

Free Cooling with Direct-Expansion Air Economizer
Free cooling with a supplemental direct-expansion
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(DX) air economizer can be in a computer room air-con-
ditioning (CRAC) or air-handling unit (AHU)/fan wall
footprint and can be with a water-cooled or air-cooled
condenser. An air economizer or return/fresh air mix-
ing box is installed at the top of the CRAC unit, or fresh
air louvers are installed in the wall in case it is an AHU/
fan wall unit..

Additional elements as may be required by the client:
+ Relief air system with fans, ducting/dampers and
controls to maintain pressure in the data hall.
+ Fresh air ducting with motorized dampers/fire
dampers and filters.

Building side requirements:

+ Require wall openings for fresh air and relief air
ducting/fire and motorized dampers.

- Additional engineering needed to take care of ar-
chitectural, civil and structural points.
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Additional points:

+ By far, it is the most debated technology due to
risks associated in taking fresh air into the white space
(a space where IT equipment and infrastructure are
placed) and high chances of control failures.

+ Very critical to have the right amount and quality
of ambient air intake via automatic controls/dampers/
filter.

+ High service cost to maintain fresh air filters.

« White space environment can be impacted by fresh
air quality if filter/controls are not operated and main-
tained properly.

- As each unit has separate compressors, service cost
compared to the chiller system is high.

“There was initial opposition to the inclusion of data
centers within ASHRAE Standard 90.1 and most recently
even more controversy as the result of many deployment
problems across the industry.”!

Free Cooling With Dual Coil Direct-Expansion Water Cooled

Free cooling with dual coil (both DX and water-cooled)
can be in a CRAC or AHU/fan wall unit footprint. It con-
sists of dual coil, i.e., refrigerant coil and also the free
cooling water coil. Condenser water can be cooled either
by a dry cooler or cooling tower.

Additional elements as may be required by the client:
Supply and installation of separate, independent

DX-water piping networks equal to the number of cool-
ing units or common piping network for multiple units.

+ Supply and installation of water circulation
pumps—one for each water piping circuit or a common
pumping system for the full water network.

- If a cooling tower is used, then water treatment is
required.

Building side requirement:
+ Supply and return cooling water pipes riser/wall
openings.
Cooling tower or dry cooler space requirement,
either on the roof or ground.
- Potential weight issue of cooling tower or dry cooler
on the roof.

Additional points:
- As each unit has separate compressors, the service
cost compared to a chiller system is high.
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- Water in white space (can be avoided by installing
CRAC/AHU in corridors).

+ Multiple dry coolers can be avoided by using a com-
mon cooling tower to multiple CRAC units.

- Ease of installation compared to air economizer/
chiller system.

+ Better scalability.

Free Cooling With Direct-Expansion Pumped Refrigerant

Free cooling with DX pumped refrigerant can be in the
CRAC/package unit footprint. It consists of a refrigerant
pumping module with a separate air-cooled condenser
or as a package unit. The system can operate in various
modes depending upon the ambient temperature and
data center load, i.e., 100% free cooling (all compres-
sors off, only refrigerant pump operating), mixed mode
(some compressors off and some operating) and 100%
DX (all compressors operating).

Additional elements as may be required by the client:
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Supply and installation of separate, independent
DX-refrigerant piping networks equal to the number of
CRAC units.

Building side requirement:
+ Liquid and discharge refrigerant piping wall open-
ings.
+ Microchannel condenser (skid) space requirement
either on the roof or on the ground for air-cooled CRACs.
Supply and return duct openings on the roof in case
the unit is a packaged unit.

Additional points:

- As each unit has separate compressors, service costs
compared to the chiller system can be high, but need
further analysis as it has a smaller number of system
components with respect to a chilled water system, such
as no pressurization unit, air separator, water treatment
system, etc.

+ FEase of installation compared to other systems,
especially for higher capacities equal to and above
150 kW/unit (43 ton/unit).

+ Better scalability.

« If the pump fails, then it is fail-safe, as it falls back
to a simple DX system.

+ Ability to run at a high return air temperature, up
to 40°C (104°F), especially as ASHRAE has expanded the
temperature range for rack inlet temperatures.

- This free cooling technology is independent of out-
side air humidity; hence, the window of free cooling is
more compared to evaporative or air economizer units.

Indirect Evaporative Cooling

Indirect evaporative cooling is generally in a fan wall
or AHU unit footprint. Fresh air indirectly cools the data
center return air via a heat exchanger in which water is
evaporated in the fresh air. It can also have chilled water
or DX trim depending upon the design specific require-
ment and geographical weather conditions.

Additional elements as may be required by the client:
Supply and return air ducting with motorized
dampers/fire dampers/grilles, etc.
+ Water treatment.
- Water storage tank (if needed for Tier compliance).

Building side requirement:
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+ Require duct openings in wall or roof.
- Installation space is needed outside the data hall
on ground or at various floor levels on platform or roof.

Additional points:

+ Maintain water management to avoid Legionella.

+ Better scalability.

+ Annual energy consumption is much lower.

+ Fully self-contained unit allows for ease
of deployment.

+ Ability to run at very high return air temperature up
to 40°C (104°F), especially as ASHRAE has expanded the
temperature range.

- Data center air humidity control is not as critical as
in direct evaporative units since fresh air is not inducted
into the data center.

- Itisgenerally safe from external factors like bush
fires, air pollutants, etc., compared to direct evaporative
units.

Direct Evaporative Cooling

Direct evaporative cooling can be in an AHU/fan wall
footprint. It consists of an evaporative system. Fresh air
mixes with the data center return air and cools down by
coming in direct contact with the evaporative system.
In one of its modes of operation, fresh air can also be
directly inducted in to the data center without mixing
with return air (also with or without active evaporative
system) depending upon ambient conditions and the
data center load. It can also have chilled water or DX
trim depending upon the design specific requirements
and geographical weather conditions.

Additional elements as may be required by the client:
+ Supply and return air ducting with motorized
dampers/fire dampers/grilles, etc.
- Water treatment.
+ Water storage tank (if needed for Tier compliance).

Building side requirement:

+ Require duct openings in wall or roof if units are in-
stalled external to the building. But if units are installed
in the corridors (internal to the building), then louvers
are to be installed in the wall for fresh air intake and
relief air exit.

- Installation space is needed either outside the data
hall either on the ground/at various floor levels on plat-



form/roof or it can also be installed in corridors (internal
to the building).

Additional points:

+ Maintain water management to avoid Legionella.

+ Better scalability.

+ Annual energy consumption is much lower (better
than indirect evaporative system, etc).

- Fully self-contained unit allows for ease of deploy-
ment.

+ Ability to run at very high return air temperature
like 40°C (104°F) onwards especially as ASHRAE has
expanded the temperature range.

- Additional controls, filters, dampers, etc., are need-
ed to safeguard the unit operations during bush fire, etc.

Adiabatic Free Cooling Chiller With Computer Room
Air-Conditioning

An adiabatic free cooling chiller consists of fan wall/
CRAH and air-cooled chiller with adiabatic pads and free
cooling coil in addition to condenser coil. The chilled
water network consists of other additional components
like chilled water pumps, thermal storage, air separator,
pressurization units, water treatment system, etc.

Additional elements as may be required by the client:
Chilled water piping/valves with insulation/clad-
ding work.
Chemical water treatment.
+ Automatic chemical dosing system.
+ Buffer tank (if system volume less than suppliers’
recommended water volume).
+ Air/dirt separator (if required; generally automatic
air vents are sufficient).
+ Though high head pump included in analysis but
need to verify pump head per actual site piping layout.
« If chiller designed in dry mode, then we can avoid
additional requirement of water storage tank (to comply
with Tier requirement).
« Installation cost is much higher.
Comparatively higher engineering/design cost.

Building side requirement:
Only piping entry/exit in wall openings, etc.
Chiller space requirement either on ground or roof.
- Potential weight issue for chiller on roof.
+ Water storage tank space (if required) and its weight.
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Additional points:

- Water in white space (can be avoided by installing
CRAH/fan wall units in corridors).

+ Maintain water management.

- Tier-1II, IV design is more complex in piping.

+ Ability to run at very high return air temperature
like 40°C (104°F) onwards especially as ASHRAE has
expanded the temperature area.

Conclusion

There is no one formula to select the cooling technol-
ogy suitable for a specific data center. One must consider
arange of factors that vary from region to region, client’s
requirements, building type, capital and operation costs
considerations, etc. The need is to properly analyze all
the factors before selecting the one to use.
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