
www.dcishrae.org

DATA CENTER COOLING: Finding Sustainable Solutions
by Samta Bajaj

PREFACE

Data Center and data center HVAC systems are critical, Energy-

Hungry Infrastructures that operate around the clock without 

disruption that would result in loss of service / revenue to the end 

user.

The use of data centers globally has sky rocketed in the past 

three to four years in response to growing demand for 

information  storage and transfer and also by emerging trends 

towards artificial intelligence (AI), gaming, the Internet of Things  

(IOT), 3D graphics and other technologies that generate high 

rack heat densities. Global IP traffic has increased ten fold 

between 2010 and 2020 and data center storage capacity has 

shot up by a factor of 25.

Data center power loads and therefore heat dissipation foot 

prints are continuing to rise with green house gas emissions from 

data centers expected to overtake airline industry emissions in a 

short time.

There is a growing awareness of the carbon foot print of data 

center. Cooling the IT equipment in a data center accounts for 

more than 40% of the total power consumption.( Fig.1)

Like a building, data center is expected to have a life of at least 

10-15 years. Over that time frame , the need for cooling 

innovation can be significant.Sustainability is thus, now a top of 

mind issue in data center design strategies ; to reduce cooling 

loads, first cost of HVAC equipment and finally the related energy 

and operational costs. ( Fig.2 ).The amount of energy consumed 

by these centers is estimated at 3% of the world wide electricity 

use. Naturally, this has a tremendous economic, environmental, 

and performance impact that makes energy efficiency of cooling 

system one of the primary concerns in data center design.

BENCH MARKING OF DATA CENTER 

EFFICIENCY

Cooling constitutes a major cost in the operation of a data center. 

This has led to an increased focus on minimizing energy use in 

data centers thereby reducing operation costs. The efficiency 

standard of a DC is defined by Power Usage Efficiency (PUE); a 

metric developed by the Green Grid, that is an industry accepted 

measurement of data center efficiency.

  Total Facility Energy                         

PUE = ---------------------------

  IT Equipment Energy

A consistent design goal is to ensure that the Power Usage 

Efficiency (PUE) is kept as low as possible (Close to unity ; for 

example 1.0)

THE SUSTAINABILITY APPROACH

While the energy consumed by data processing equipment is 

fairly constant year round, considerable inefficiencies are 

attributed to cooling systems. Some of the inefficiencies are:-

• Air conditioning units work at full capacity all of the time.

• Cooling equipment is not aligned for air flow direction within 

rack and the temperatures vary greatly through out the room; 

and

• The Level of cold supply air remix with high return air is usually 

very high producing very poor air conditioning efficiency.

OVERVIEW OF A DATA CENTER

For a holistic approach towards sustainability of Data Centers, 

we need to understand about their operations and functional 

requirements. Data Centers also referred to as Server rooms or IT 

rooms are the building blocks of any business organization 

providing capabilities of Centralized storage, Backup 

management, Networking and dissemination of data. DCs fall 

into two major categories; Corporate data center (CDCs) and 

Internet data centers (IDCs).

• CDCs are owned and operated by private organizations, 

institutions or government agencies with prime purpose to 

support data processing and web oriented services for their 

self-use.

• IDCs are primarily owned and operated by third party service 

providers with objective to provide IT services to their clients 

on rent with or without IT hardware while sharing common 

power, cooling and facilities infrastructure.

There are three functional requirements of a data center:

(1) Data center Space Planning and Design.

(2) Electric Supplies and Network Connectivity

(3) HVAC Temperature and Humidity Control

In this article we shall focus  on improving the data center cooling 

system configuration as a key opportunity to reduce energy 

consumption. 

(1) DATA CENTER SPACE PLANNING AND 

DESIGN

Following issues need to be considered in space planning to 

ensure an energy efficient cooling system  design:

(a) Maintain Room Tightness: The tighter the structure , less 

outdoor air flow is needed to provide desired room 

overpressure and therefore less will be operating costs.The 

number of doors should be kept to a minimum and windows 

should be avoided. Structural penetrations for cables and 

pipes should be sealed carefully. 

(b) Contaminants: Isolate the data center from contaminated 

environment while maintaining airborne dusts, gas and vapor 

within defined limits.

(c) Room temperature and humidity to be within specified 

threshold.

(d) Airflow : Consider intake and exhaust flow and ensure that 

room air flow facilitates cooling of equipment.

(e) Raised flooring: Design the raised flooring to maximize 

access and to support equipment and cables.

(f) Ceiling height : Ensure adequate ceiling height to 

accommodate a 7 foot equipment rack

(g) Aisle space : Provide adequate room at front and back of 

cabinets and rack to ensure unobstructed servicing and 

clear passage for personnel. Keep minimum 48” in front and 

36” on the rear.

(h) Expansion room : Design the data center that can 

accommodate future equipment expansions.

(2) ELECTRIC SUPPLIES AND NETWORK 

CONNECTIVITY

(a) High Quality Power and Redundancy :The design of an 

electrical power system must ensure adequate high quality 

power provided to each server, air conditioning and 

peripherals at all times. There should be sufficient 

redundancy , eliminating all single points of failure and allow 

isolation of a single system for  testing or maintenance 

without affecting power supplied to other systems .

(b) Estimated power requirements: A convenient measure of 

data center power density is watts per sqft (WPSF) of floor 

area. However power densities of server racks continue to 

increase from one to three kilo watts (kw) just a few years ago 

to 24 to 30 kw per rack recently. In addition more power 

requirement for the HVAC system will become necessary and 

a standard practice is to add 70% to the total IT equipment 

power needs.

(c) Emergency power need to be considered in design of 

electrical systems for enough power conditioning for servers 

and for uninterruptible power supply (UPS).

(3) HVAC – TEMPERATURE & HUMIDITY 

CONTROL

Thermal issues are a cause of problems since servers and 

switches must be kept cool and their failure rate increases 

sharply with elevated temperature while high thermal stresses on 

solder joints with larger temperature variation is another source 

of failure.

HOW COLD IS COLD ENOUGH??  

The traditional way of specifying comfort conditions is by 

ambient room temperature and relative humidity (RH) but for 

data centers, the optimum environment conditions are specified 

as cool supply air temperature to the servers and the dew point 

temperture (closely related to absolute humidity).

ASHRAE in collaboration with IT equipment manufacturers have 

expanded their recommended and allowable envelopes for inlet 

air entering IT equipment which allows greater flexibility in facility 

operations and reducing overall power consumption .For Class 1 

& 2 datacenters, the expanded and allowable expanded 

envelope is shown in Fig. 3. The latest thermal guidelines have Fig. 1 Typical breakup of data center energy usage

Fig. 2 Sustainable Datacenters



www.dcishrae.org

DATA CENTER COOLING: Finding Sustainable Solutions
by Samta Bajaj

PREFACE

Data Center and data center HVAC systems are critical, Energy-

Hungry Infrastructures that operate around the clock without 

disruption that would result in loss of service / revenue to the end 

user.

The use of data centers globally has sky rocketed in the past 

three to four years in response to growing demand for 

information  storage and transfer and also by emerging trends 

towards artificial intelligence (AI), gaming, the Internet of Things  

(IOT), 3D graphics and other technologies that generate high 

rack heat densities. Global IP traffic has increased ten fold 

between 2010 and 2020 and data center storage capacity has 

shot up by a factor of 25.

Data center power loads and therefore heat dissipation foot 

prints are continuing to rise with green house gas emissions from 

data centers expected to overtake airline industry emissions in a 

short time.

There is a growing awareness of the carbon foot print of data 

center. Cooling the IT equipment in a data center accounts for 

more than 40% of the total power consumption.( Fig.1)

Like a building, data center is expected to have a life of at least 

10-15 years. Over that time frame , the need for cooling 

innovation can be significant.Sustainability is thus, now a top of 

mind issue in data center design strategies ; to reduce cooling 

loads, first cost of HVAC equipment and finally the related energy 

and operational costs. ( Fig.2 ).The amount of energy consumed 

by these centers is estimated at 3% of the world wide electricity 

use. Naturally, this has a tremendous economic, environmental, 

and performance impact that makes energy efficiency of cooling 

system one of the primary concerns in data center design.

BENCH MARKING OF DATA CENTER 

EFFICIENCY

Cooling constitutes a major cost in the operation of a data center. 

This has led to an increased focus on minimizing energy use in 

data centers thereby reducing operation costs. The efficiency 

standard of a DC is defined by Power Usage Efficiency (PUE); a 

metric developed by the Green Grid, that is an industry accepted 

measurement of data center efficiency.

  Total Facility Energy                         

PUE = ---------------------------

  IT Equipment Energy

A consistent design goal is to ensure that the Power Usage 

Efficiency (PUE) is kept as low as possible (Close to unity ; for 

example 1.0)

THE SUSTAINABILITY APPROACH

While the energy consumed by data processing equipment is 

fairly constant year round, considerable inefficiencies are 

attributed to cooling systems. Some of the inefficiencies are:-

• Air conditioning units work at full capacity all of the time.

• Cooling equipment is not aligned for air flow direction within 

rack and the temperatures vary greatly through out the room; 

and

• The Level of cold supply air remix with high return air is usually 

very high producing very poor air conditioning efficiency.

OVERVIEW OF A DATA CENTER

For a holistic approach towards sustainability of Data Centers, 

we need to understand about their operations and functional 

requirements. Data Centers also referred to as Server rooms or IT 

rooms are the building blocks of any business organization 

providing capabilities of Centralized storage, Backup 

management, Networking and dissemination of data. DCs fall 

into two major categories; Corporate data center (CDCs) and 

Internet data centers (IDCs).

• CDCs are owned and operated by private organizations, 

institutions or government agencies with prime purpose to 

support data processing and web oriented services for their 

self-use.

• IDCs are primarily owned and operated by third party service 

providers with objective to provide IT services to their clients 

on rent with or without IT hardware while sharing common 

power, cooling and facilities infrastructure.

There are three functional requirements of a data center:

(1) Data center Space Planning and Design.

(2) Electric Supplies and Network Connectivity

(3) HVAC Temperature and Humidity Control

In this article we shall focus  on improving the data center cooling 

system configuration as a key opportunity to reduce energy 

consumption. 

(1) DATA CENTER SPACE PLANNING AND 

DESIGN

Following issues need to be considered in space planning to 

ensure an energy efficient cooling system  design:

(a) Maintain Room Tightness: The tighter the structure , less 

outdoor air flow is needed to provide desired room 

overpressure and therefore less will be operating costs.The 

number of doors should be kept to a minimum and windows 

should be avoided. Structural penetrations for cables and 

pipes should be sealed carefully. 

(b) Contaminants: Isolate the data center from contaminated 

environment while maintaining airborne dusts, gas and vapor 

within defined limits.

(c) Room temperature and humidity to be within specified 

threshold.

(d) Airflow : Consider intake and exhaust flow and ensure that 

room air flow facilitates cooling of equipment.

(e) Raised flooring: Design the raised flooring to maximize 

access and to support equipment and cables.

(f) Ceiling height : Ensure adequate ceiling height to 

accommodate a 7 foot equipment rack

(g) Aisle space : Provide adequate room at front and back of 

cabinets and rack to ensure unobstructed servicing and 

clear passage for personnel. Keep minimum 48” in front and 

36” on the rear.

(h) Expansion room : Design the data center that can 

accommodate future equipment expansions.

(2) ELECTRIC SUPPLIES AND NETWORK 

CONNECTIVITY

(a) High Quality Power and Redundancy :The design of an 

electrical power system must ensure adequate high quality 

power provided to each server, air conditioning and 

peripherals at all times. There should be sufficient 

redundancy , eliminating all single points of failure and allow 

isolation of a single system for  testing or maintenance 

without affecting power supplied to other systems .

(b) Estimated power requirements: A convenient measure of 

data center power density is watts per sqft (WPSF) of floor 

area. However power densities of server racks continue to 

increase from one to three kilo watts (kw) just a few years ago 

to 24 to 30 kw per rack recently. In addition more power 

requirement for the HVAC system will become necessary and 

a standard practice is to add 70% to the total IT equipment 

power needs.

(c) Emergency power need to be considered in design of 

electrical systems for enough power conditioning for servers 

and for uninterruptible power supply (UPS).

(3) HVAC – TEMPERATURE & HUMIDITY 

CONTROL

Thermal issues are a cause of problems since servers and 

switches must be kept cool and their failure rate increases 

sharply with elevated temperature while high thermal stresses on 

solder joints with larger temperature variation is another source 

of failure.

HOW COLD IS COLD ENOUGH??  

The traditional way of specifying comfort conditions is by 

ambient room temperature and relative humidity (RH) but for 

data centers, the optimum environment conditions are specified 

as cool supply air temperature to the servers and the dew point 

temperture (closely related to absolute humidity).

ASHRAE in collaboration with IT equipment manufacturers have 

expanded their recommended and allowable envelopes for inlet 

air entering IT equipment which allows greater flexibility in facility 

operations and reducing overall power consumption .For Class 1 

& 2 datacenters, the expanded and allowable expanded 

envelope is shown in Fig. 3. The latest thermal guidelines have Fig. 1 Typical breakup of data center energy usage

Fig. 2 Sustainable Datacenters



www.dcishrae.org

facilitated transformation of data centers to more moderate 

temperatures that are recommended and allowed for optimal 

operation and lifespan of servers thus also accomplishing 

energy savings.

Data center equpments environmental conditions should fall 

within the ranges established by ASHRAE as published in the 

thermal guidelines as under and in Table-I :

The HVAC system of data center is managed by air conditioning 

system which is influenced by 5 main factors.

• The Type of IT Equipment

• The IT Equipment Configuration

• The Service Levels

• The Budget

• The Green Policy

(a) TYPE OF IT EQUIPMENT

Type of IT equipment has a huge bearing on choice of cooling 

infrastructure with two type of servers available.( Fig. 4)

Ø Rack mounted contained in horizontal casing use floor space 

and can manage cables and servers easily. Standalone type 

with more cabling requirement, highly priced and suitable for 

small and mid-size businesses.

Ø Blade servers are plug and play type units with shared power 

feeds, power supply fans. Modular type with less cabling 

requirement and majorly used by large organizations..

(b) THE IT EQUIPMENT CONFIGURATION & 

LAYOUT

The flow of air through servers is important for effective heat 

dissipation and is affected by many variables including cabinet 

and door construction, cabinet size and thermal dissipation of 

any other components within the cabinet .Problems sometimes 

arise for these reasons.

• One server is positioned so that its hot exhaust air is directed 

into intake air of another server thus preheating the intake air 

of second server.

• Servers are sometimes mounted in cabinets that restrict air 

flow excessively if cabinets have inadequate openings on 

front and back doors or inadequate clearances between 

equipment and door of the cabinet. The servers require that 

front and back door to be at least 63% open for adequate air 

flow and a minimum of 1.5 inch clearance between the 

system and front and back door of a cabinet should be 

maintained.

• A server might be mounted in a cabinet above a device that 

generates lot of heat.

                                

HVAC equipment location and system design are 

important.ASHRAE recommends laying out equipment racks 

according to the Hot Aisle-Cold Aisle layout which means 

aligning IT equipment in rows such that the cabinet fronts face 

the cool aisle and exhaust is directed to the hot aisle. This type of 

design minimizes hot and cold air mixing and maximizes the heat 

dissipation . ( Fig.5 ). According to data center standard a 

minimum of 4 feet (equivalent to two floor tiles) front clearance 

must be provided for installation of equipment and a minimum of 

2 feet rear clearance must be provided for service access.

There are two types of air distribution systems :  

(1) UNDERFLOOR     (2) OVERHEAD 

UNDERFLOOR SUPPLY SYSTEM

The most common design configuration is the underfloor supply 

system that relies on a raised floor with air conditioning 

equipment (CRAC Units) located around the perimeter of the 

room. This model has the following functionalities.

• CRAC units pump cold air into the floor vents

• Vents in the floor deliver cold air to the front of the racks facing 

each other ( cold aisle)

• Hot air escapes through the back of the rack into the hot aisle 

where it returns the air to CRAC unit ( Fig. 6 )

OVERHEAD  SUPPLY SYSTEM

Overhead air distribution (OH) systems supply conditioned air 

through ducts for cooling and typically take return air at lower 

level or through a plenum above the ceiling. The diffusers 

connected to the supply duct system are designed to throw air 

around the room in such a manner that entire data center space 

is filled with air and whole space temperature  maintained fairly 

even. This method leads to heavy mixing of hot and cold air flow 

and is not an energy efficient method  (Refer Fig. 7)   

© THE SERVICE LEVELS : HOW CRITICAL IS 

THE DATA CENTER ?

Since data centers operate 24 hours a day and 365 days a year, 

the cooling system must be designed to accommodate 

continuous heat extraction and consider redundancy into the 

design to continue the facility’s operation during a failure event.

The data centers are certified by uptime Institute based on their 

uptime guaranties, downtime per year, component redundancy 

and maintainability etc as under:-

• Tier 1 : A data center with a single path for power and cooling, 

and no backup components, with expected uptime of 99.671 

% per year

• Tier 2 : A data center with single path for power and cooling 

and some redundant and backup component per year; with 

expected uptime of 99.741 %

• Tier 3 : A data center with multiple paths for power and 

cooling and redundant system that allow the staff to work on 

the setup without taking it offline. This tier has an expected 

uptime of 99.982 % per year

• Tier 4 : A complete fault tolerant data center with redundancy 

for every component. This tier has an expected uptime of 

99.995% per year.

So as per classification Tier-1 is the worst and 4 is the best 

performing level, Thus  it is imperative to understand the tier 

rating for proper HVAC system design by understanding 

business needs and to avoid an over- investment.( Refer Fig.8)

(d) THE BUDGET / COST OF A COOLING 

SOURCE

The budget also dictates the cooling system adopted, So the 

HVAC system selection should also be based on:

• Opex – Operational expenditure / Operational cost for energy 

and maintenance)

• Capex – Capital expenditure (Initial cost of supply and 

installation)

Fig. 3 ASHRAE Environmental envelope for IT Equipment Air Intake 

Conditions

Table-I    ASHRAE Thermal Guidelines ( Extract: Chapter 20 

ASHRAE APPLICATIONS , 2019) 

Fig. 4 Blade Servers vs Rack Servers

Fig. 5 Hot Aisle Cold /Aisle Approach

Fig.7 HVAC Layout-Overhead Air Distribution

Fig. 6 HVAC Layout-Underfloor Air Distribution

Fig. 8  Data Center Tiers
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(e) THE ‘GREEN POLICY’

There are a number of strategies that can be followed to 

improve thermal design of a data center( Fig.9)

• Air Conditioners and Air Handlers 

• Hot Aisle / Cold Aisle 

• Hot Aisle / Cold Aisle Containment

• In-Line / In Row cooling units

• Rear door Heat Exchangers

• Dedicated rack cooling units for example liquid cooling

• Green Cooling / Economizers

• Hybrid cooling

All of these options can be considered quickly and effectively 

using CFDs

AIR CONDITIONERS AND AIR HANDLERS

The most common types are packaged DX air conditioners for 

smaller data centers. Units with multiple and / or  variable speed 

compressors to improve part load efficiency are available. An 

enhancement to air cooled condensers is a device which sprays 

water over condenser coils to improve heat rejection efficiency of 

DX systems. Additionally these units are also available with air 

side economizers.

For large facilities, high efficiency VFD equipped chillers with 

appropriate condenser water reset is the most efficient cooling 

option. Chiller part load efficiencies can be optimized with 

variable frequency driven compressors, high evaporator 

temperatures and low entering condenser water temperatures 

Oversized cooling towers with VFD equipped fans will lower 

water cooled chiller plant energy since larger towers have a 

smaller approach to ambient wet bulb temperatures and 

improves chiller efficiency.The larger towers associated with 

oversized towers can be operated at lower speeds to lower 

cooling tower fan energy compared to a smaller tower.

Condenser water and chilled water pumps should be selected 

for higher pumping efficiency at typical operating conditions , 

rather than at full load conditions.

HOT AISLE/ COLD AISLE

Hot Aisle / Cold Aisle design lines up the Server Racks in 

alternate rows with cold air intakes facing one way and exhaust 

facing the other. The rows composed of rack fronts are called 

Cold Aisle and the rows at the rear are called Hot Aisle.( Fig. 10)

Fig. 10  Hot Aisle/ Cold Aisle Approach   

Fig. 11 Hot Aisle/ Cold Aisle Containment 

However in this design there is no guarantee thet every cold aisle 

gets perfect balance of airflow delivered matching the airflow 

demanded by racks in that aisle. When aisles are open , the 

equipment survives by scavenging cool air from rest of the room. 

Once the airflow path is cutoff , the equipement in that aisle will be 

starved of cool air if airflow rate is a deficit. This results in (1) 

Overheating of servers causing computer room air conditioning 

units (CRACs) supply air temperature to be lowered increasing 

load on cooling system and thus the energy consumption (2) Fan 

in servers increase their speed to draw in required air from 

under the  floor again increasing energy consumption.

HOT AISLE/ COLD AISLE CONTAINMENT

It segregates the cool supply air from hot exhaust air .Supply air 

temperatures can be reduced thus causing significant energy 

savings from cooling plant. A basic hot aisle/cold aisle 

configuration is created using plastic barriers or other solid 

partitions to seal the space beween the tops of rack and air return 

location for hot aisle/ cold aisle isolation. 

The goal of Hot Aisle / Cold Aisle Containment is  to: 1. Avoid 

mixing hot and cold air before the air passes through the 

equipment.      2. Keep warm air away from IT inlets   3. Move 

warm air towards the return system 4. Conserve energy and 

lower cooling costs by managing cold aisle ( Fig. 11)

  

IN-LINE / IN-ROW COOLING UNITS

IN ROW cooling utilizes cooling units to be mounted directly 

within the rows of racks between cabinets. This configuration 

ensures localized cooling directly to the front of each rack and 

provides a very high heat dissipation capacity. Instead of cooling 

entire space it dissipates heat  to cool the server. Heat generated 

by the servers do not have chance to rise to ceiling because it 

gets pulled through the nearby heat exchangers. Thus HVAC 

system is not having to work overtime to cool all empty space in 

room. Floor mounted and ceiling mounted both options are 

available. ( Fig. 12a & Fig . 12b). 

Fig. 12a  In-Line Cooling Units( Floor mounted)

Fig.12b In-Line Cooling units (ceiling mounted)

Rear door Heat exchanger

Fig. 13  depicts one example of a liquid cooled  datacom 

equipment where a liquid loop internal to the rack is used to cool 

the components in the rack. In this case, the heat exchange is 

with a liquid to facilitate  heat exchange. Typically, liquid 

circulation in the rack is kept above dew points to eliminate any 

condensation problem. The real door heat exchanger is an ideal 

solution for high density data center.

Fig. 13 Rear Door Heat Exchanger   

Fig. 14   Liquid Cooling System

DEDICATED RACK COOLING UNITS FOR 

EXAMPLE LIQUID COOLING

Liquid cooling systems provide an alternative way to dissipate 

heat from the system. This approach includes air conditioners or 

refrigerants with cold water close to the heat source. ( Fig. 14 )

The increasing heat densities of modern electronics are 

stretching the ability to adequate cool the electronic components 

with server with air. Liquid cooling is defined as the process 

where a liquid (rather than “fluid” air) is used to provide heat 

removal (eg cooling function). It can be implemented in : (1) 

Liquid cooled racks  (2) Liquid cooled datacom equipment     

(3) Liquid cooled electronics With these no other heat transfer 

mechanisms are required.

GREEN COOLING / ECONOMIZER

Fig.15 Green Cooling/Economizer

Green cooling (or free cooling) (Fig. 15) is one of the sustainable 

technology used in data centers. In mechanical cooling systems, 

operation in part load conditions is not efficient due to 

refrigerants based thermodynamic cycle to obtain desired 

environmental conditions.

Air side Economization is cooling in which refrigerant cycle is 

turned off either part or all of time. Air side economizers draw 

outside air into data center which is of then mixed with return air to 

obtain the right conditions before entering the data center.

HYBRID  COOLING

Economization can be further augmented through Hybrid 

cooling. Evaporative Cooling (either direct or indirect) systems 

use evaporated water to supplement the availability of 

Fig. 9  Green Policy-How Green Data centers save energy?
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(e) THE ‘GREEN POLICY’
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option. Chiller part load efficiencies can be optimized with 

variable frequency driven compressors, high evaporator 
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Fig. 10  Hot Aisle/ Cold Aisle Approach   

Fig. 11 Hot Aisle/ Cold Aisle Containment 
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Fig. 12a  In-Line Cooling Units( Floor mounted)

Fig.12b In-Line Cooling units (ceiling mounted)

Rear door Heat exchanger
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Fig. 13 Rear Door Heat Exchanger   

Fig. 14   Liquid Cooling System

DEDICATED RACK COOLING UNITS FOR 
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removal (eg cooling function). It can be implemented in : (1) 

Liquid cooled racks  (2) Liquid cooled datacom equipment     

(3) Liquid cooled electronics With these no other heat transfer 

mechanisms are required.

GREEN COOLING / ECONOMIZER

Fig.15 Green Cooling/Economizer

Green cooling (or free cooling) (Fig. 15) is one of the sustainable 

technology used in data centers. In mechanical cooling systems, 

operation in part load conditions is not efficient due to 

refrigerants based thermodynamic cycle to obtain desired 

environmental conditions.

Air side Economization is cooling in which refrigerant cycle is 

turned off either part or all of time. Air side economizers draw 

outside air into data center which is of then mixed with return air to 

obtain the right conditions before entering the data center.

HYBRID  COOLING

Economization can be further augmented through Hybrid 

cooling. Evaporative Cooling (either direct or indirect) systems 

use evaporated water to supplement the availability of 
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economizer cooling or more efficient refrigerant based cooling. 

The state change of water absorbs energy lowering the dry bulb 

temperature to a point where it approaches the wet bulb 

(saturated) temperature of the air. 

Data centers have large energy profiles , require high level of 

internal air quality .They need to keep temperature and humidity 

in tight parameters .They are well served by hybrid evaporative 

cooling systems .Hybrid systems are also more efficient at 

regulating different zones within the building. 

Hybrid IDEC technology combines two stage evaporative 

cooling solution with and integrated DX system. Utilizing 

intelligent control systems it responds to external weather 

conditions continuously adapting it’s control strategy to run only 

the most efficient cooling system for the ambient conditions of 

the moment.This means higher energy systems are only used 

when needed ensuring consistent performance , high efficiency 

and significant energy savings.

Simple steps that can achieve more efficient cooling and lower 

the power consumption include.

• Organize server racks into a hot and cold aisle arrangement 

wherein racks draw conditioned air in from cold aisles 

located in front of the equipment and rejects heat out through 

the hot aisle behind the racks.( As detailed in preceding 

sections)

• Server and HVAC equipment should be selected for high 

energy efficiency.

• IT equipment with similar heat load densities and tempera-

ture equipment should be grouped together so that energy 

intensive set points for each location can be controlled.

• Consolidate IT system redundancies.

• Implement curtain and ducting for absolute separation of hot 

and cold air to prevent short circuiting ( Hot Aisle and Cold 

Aisle Containment).

• Manage cables and penetrations.

• Minimize lighting levels and install sensors.

• Monitor power and cooling trends.

• Use sustainable non-ozone depleting refrigerants such as R-

407C, R-134A and R-410 A

• Consider the heat recovery chiller for the large datacenter to 

generate domestic and hot water for the supporting office 

building.

• Solar heat gain through windows should be eliminated and 

any gaps that allow unnecessary infiltration / exfiltration need 

to be sealed and eliminated.

• Eliminate unnecessary filtration by sealing any gaps in the 

walls and floor.

• Implement free cooling technology to utilize low ambient 

temperature and humidity conditions.

• Consider a Computational Fluid dynamics ( CFD) survey for 

green construction to investigate the temperature, air velocity 

and pressure fields  during design, operation and 

maintenance. This will show how changes can be made to 

optimize the system.

A 50 to 100 % increase cooling efficiency, corresponding to a 30 

to 50 % reduction in cooling energy cost can be achieved using 

energy efficient technology and measures.

MORE STRATEGIES TO IMPROVE THERMAL 

DESIGN

UTILIZE THE INTERNET OF THINGS

In data center The Internet of Things or IOT can be incredibly 

valuable when it comes to sustainability. Fig 16

Instead of running the system 24/7, IOT sensors in the server 

room can monitor temperature and ambient humidity and make 

adjustments automatically. If something goes too far out of the 

established norms and it cannot make the necessary adjustment 

it can alert a human monitor to fix the problem. 

Fig. 16 Smart Control and Internet of Things

INSTALL ENERGY USAGE MONITORING 

EQUIPMENT

Installation of Energy Monitoring Components and systems to 

measure the energy efficiency of the data center are essential 

to effectively implement all other energy conservation 

measures.

OPTIMIZE SUPPLY AIR TEMPERATURE

Adjust (Increase) HVAC supply air temperature to create an IT 

equipment environment consistent with the higher end of the 

recommended ranges noted in ASHRAE thermal Guidelines for 

Data processing Environment. The higher supply air temperature 

will increase the compressor efficiency, if a DX type unit is utilized 

for cooling or will increase the efficiency of the chiller plant,if 

chilled water air handling units are utilized for cooling.

OPTIMIZE CRAC CONTROL

Standalone computer room Air-Conditioners, (CRAC) units 

utilized in legacy data center often have individual controls and 

set point that result in units running excessively on a 

consequence of “fighting” each other over temperature and 

humidity adjustments. Widening of the dead band for the 

temperature and humidity settings can be considered to provide 

additional energy savings. 

IMPROVE UNDERFLOOR AIR PRESSURE 

MANAGEMENT  

For data centers with raised floor plenum ensuring that raised 

floor system is properly sealed and that unnecessary underfloor 

blockages are removed will improve energy efficiency. 

Uncontrolled air leakage from the raised floor can result in 

inadequate quantity of cooling air reaching the IT equipment. 

Underfloor blockages and obstructions  can also cause 

inadequate cool airflows to the equipment. These conditions 

necessitate higher HVAC supply air temperatures and additional 

fan energy to handle the equipment cooling loads.

IMPROVE CRAC UNITS EFFICIENCY

Improvement in energy efficiency of CRAC units including the 

use of variable speed control for supply air fans and use of 

electronically commuted (EC) motors will provide energy 

savings.

IMPROVE STATIC PRESSURE IN SUPPLY AIR 

PLENUM

The placement of perforated floor tiles and their openings are 

major factors in maintaining static pressures .A 25 % perfo-

rated tile provides 500 CFM at 0.05 in wg static pressure; while 

a 50 % perforated tile provides 2000 CFM at 0.05in wg static 

pressure.Perforated tiles should not be placed too close or too 

far from air handling units.

• The maximum distance to the outlet should be restricted to 

30 ft from the air handling unit discharge.

• Complex Fluid Dynamics ( CFD) analysis can be used for 

detailed information about movement of air.

• Perforated tiles should be installed in Cold aisles only.

OPTIMAL PLACEMENT OF CRAC UNITS

CRAC units should be placed perpendicular to rows of 

equipment and aligned at end of hot aisles to ensure shortest 

return for hot air back to the CRAC unit.This arrangement 

ensures higher efficiency. air handling units.( Fig. 17 &Fig. 18).

Fig. 17     Placement of units & supply vents

Fig. 18     Placement of return vents

THERMAL STORAGE

Thermal storage ( Fig. 19)is a method of storing thermal energy in 

a reservoir for later use.The system has the benefits that : (1) It 

takes advantage of the OFF PEAK electric rates  (2)  Chilled 

water systems operate more efficiently when outside 

temperatures are lower.  (3) Chilled water storage also adds 

redundancy and can substitute for one or more back up chillers 

.Thermal storage is recommended for facilities larger than 

10,000 sqft.      

Fig. 19 Thermal storage System

Fig. 20 Improving Transformer Efficiencies for Low PUE  

HUMIDIFICATION

Low energy humidification techniques can replace traditional 

electric resistance humidifiers with adiabatic humidifiers and 

evaporative cooling wherever possible . Ultrasonic humidifiers , 

evaporative wetted media and micro droplet spray are some 

examples of adiabatic humidifiers.

IMPROVE TRANSFORMER EFFICIENCIES

High efficiency transformers should be used since they produce 

less waste heat that needs to be mechanically cooled.( Fig 20)

EXPLORE WASTE HEAT UTILIZATION

Servers and computers generate massive amounts of heat , and 

all that heat has to go somewhere. One way to keep these 

servers cool, and even generate more power is to explore the 

waste heat utilization. Use of absorption chillers will reduce plant 

energy costs by over 50%.Also it can be used for comfort heating 

of typical office environments. ( Fig 21)

Fig. 21  From Energy Consumers to Energy Producers
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economizer cooling or more efficient refrigerant based cooling. 

The state change of water absorbs energy lowering the dry bulb 

temperature to a point where it approaches the wet bulb 

(saturated) temperature of the air. 

Data centers have large energy profiles , require high level of 

internal air quality .They need to keep temperature and humidity 

in tight parameters .They are well served by hybrid evaporative 

cooling systems .Hybrid systems are also more efficient at 

regulating different zones within the building. 

Hybrid IDEC technology combines two stage evaporative 

cooling solution with and integrated DX system. Utilizing 

intelligent control systems it responds to external weather 

conditions continuously adapting it’s control strategy to run only 

the most efficient cooling system for the ambient conditions of 

the moment.This means higher energy systems are only used 

when needed ensuring consistent performance , high efficiency 

and significant energy savings.

Simple steps that can achieve more efficient cooling and lower 

the power consumption include.

• Organize server racks into a hot and cold aisle arrangement 

wherein racks draw conditioned air in from cold aisles 

located in front of the equipment and rejects heat out through 

the hot aisle behind the racks.( As detailed in preceding 

sections)

• Server and HVAC equipment should be selected for high 

energy efficiency.

• IT equipment with similar heat load densities and tempera-

ture equipment should be grouped together so that energy 

intensive set points for each location can be controlled.

• Consolidate IT system redundancies.

• Implement curtain and ducting for absolute separation of hot 

and cold air to prevent short circuiting ( Hot Aisle and Cold 

Aisle Containment).

• Manage cables and penetrations.

• Minimize lighting levels and install sensors.

• Monitor power and cooling trends.

• Use sustainable non-ozone depleting refrigerants such as R-

407C, R-134A and R-410 A

• Consider the heat recovery chiller for the large datacenter to 

generate domestic and hot water for the supporting office 

building.

• Solar heat gain through windows should be eliminated and 

any gaps that allow unnecessary infiltration / exfiltration need 

to be sealed and eliminated.

• Eliminate unnecessary filtration by sealing any gaps in the 

walls and floor.

• Implement free cooling technology to utilize low ambient 

temperature and humidity conditions.

• Consider a Computational Fluid dynamics ( CFD) survey for 

green construction to investigate the temperature, air velocity 

and pressure fields  during design, operation and 

maintenance. This will show how changes can be made to 

optimize the system.

A 50 to 100 % increase cooling efficiency, corresponding to a 30 

to 50 % reduction in cooling energy cost can be achieved using 

energy efficient technology and measures.

MORE STRATEGIES TO IMPROVE THERMAL 

DESIGN

UTILIZE THE INTERNET OF THINGS

In data center The Internet of Things or IOT can be incredibly 

valuable when it comes to sustainability. Fig 16

Instead of running the system 24/7, IOT sensors in the server 

room can monitor temperature and ambient humidity and make 

adjustments automatically. If something goes too far out of the 

established norms and it cannot make the necessary adjustment 

it can alert a human monitor to fix the problem. 

Fig. 16 Smart Control and Internet of Things
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EQUIPMENT

Installation of Energy Monitoring Components and systems to 

measure the energy efficiency of the data center are essential 

to effectively implement all other energy conservation 

measures.

OPTIMIZE SUPPLY AIR TEMPERATURE

Adjust (Increase) HVAC supply air temperature to create an IT 

equipment environment consistent with the higher end of the 

recommended ranges noted in ASHRAE thermal Guidelines for 

Data processing Environment. The higher supply air temperature 

will increase the compressor efficiency, if a DX type unit is utilized 

for cooling or will increase the efficiency of the chiller plant,if 

chilled water air handling units are utilized for cooling.

OPTIMIZE CRAC CONTROL

Standalone computer room Air-Conditioners, (CRAC) units 

utilized in legacy data center often have individual controls and 

set point that result in units running excessively on a 

consequence of “fighting” each other over temperature and 

humidity adjustments. Widening of the dead band for the 

temperature and humidity settings can be considered to provide 

additional energy savings. 

IMPROVE UNDERFLOOR AIR PRESSURE 

MANAGEMENT  

For data centers with raised floor plenum ensuring that raised 

floor system is properly sealed and that unnecessary underfloor 

blockages are removed will improve energy efficiency. 

Uncontrolled air leakage from the raised floor can result in 

inadequate quantity of cooling air reaching the IT equipment. 

Underfloor blockages and obstructions  can also cause 

inadequate cool airflows to the equipment. These conditions 

necessitate higher HVAC supply air temperatures and additional 

fan energy to handle the equipment cooling loads.

IMPROVE CRAC UNITS EFFICIENCY

Improvement in energy efficiency of CRAC units including the 

use of variable speed control for supply air fans and use of 

electronically commuted (EC) motors will provide energy 

savings.

IMPROVE STATIC PRESSURE IN SUPPLY AIR 

PLENUM

The placement of perforated floor tiles and their openings are 

major factors in maintaining static pressures .A 25 % perfo-

rated tile provides 500 CFM at 0.05 in wg static pressure; while 

a 50 % perforated tile provides 2000 CFM at 0.05in wg static 

pressure.Perforated tiles should not be placed too close or too 

far from air handling units.

• The maximum distance to the outlet should be restricted to 

30 ft from the air handling unit discharge.

• Complex Fluid Dynamics ( CFD) analysis can be used for 

detailed information about movement of air.

• Perforated tiles should be installed in Cold aisles only.

OPTIMAL PLACEMENT OF CRAC UNITS

CRAC units should be placed perpendicular to rows of 

equipment and aligned at end of hot aisles to ensure shortest 

return for hot air back to the CRAC unit.This arrangement 

ensures higher efficiency. air handling units.( Fig. 17 &Fig. 18).
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Thermal storage ( Fig. 19)is a method of storing thermal energy in 

a reservoir for later use.The system has the benefits that : (1) It 

takes advantage of the OFF PEAK electric rates  (2)  Chilled 

water systems operate more efficiently when outside 

temperatures are lower.  (3) Chilled water storage also adds 

redundancy and can substitute for one or more back up chillers 
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HUMIDIFICATION

Low energy humidification techniques can replace traditional 

electric resistance humidifiers with adiabatic humidifiers and 

evaporative cooling wherever possible . Ultrasonic humidifiers , 

evaporative wetted media and micro droplet spray are some 

examples of adiabatic humidifiers.

IMPROVE TRANSFORMER EFFICIENCIES

High efficiency transformers should be used since they produce 

less waste heat that needs to be mechanically cooled.( Fig 20)

EXPLORE WASTE HEAT UTILIZATION

Servers and computers generate massive amounts of heat , and 

all that heat has to go somewhere. One way to keep these 

servers cool, and even generate more power is to explore the 

waste heat utilization. Use of absorption chillers will reduce plant 

energy costs by over 50%.Also it can be used for comfort heating 

of typical office environments. ( Fig 21)
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CENTRAL VS MODULAR SYSTEMS 

A centralized system offers more advantages over traditional 

multiple distributed unit system which evolved as an easy , drop 

in computer room cooling appliance ( normally referred to as 

CRAH unit). Centralized systems use larger motors and fans thet 

tend to be more efficient .They are also well suited for variable 

volume operation through the use of VSDs and maximize 

efficiency at part loads. (Fig. 22)

Fig. 22 Comparison of distributed air delivery to central air delivery

IMPROVE LIGHTING EFFICIENCIES

Installation of LED type fixtures will provide significant energy 

savings. Installation of enhanced lighting controls such as 

occupants motion sensors or additional manual controls to allow 

for lights to be shut off when space are vacant can also be cost 

effective energy saving measures.

CONCLUSION

Data Centers are an essential point of life in the modern world, 

but the industry as a whole also uses massive amounts of 

power. Sustainability is thus a growing challenge for the data 

center Industry. So sustainable Data center design need to be 

the most current thinking in Data center design strategies to 

provide viable solutions to sources of inefficiency such as 

downtime , flexibility and environment effect , as well as other 

challenges when cooling data centers .Integrating cooling 

systems with above energy saving opportunities can reduce 

the total cost of operation. Consideration should include 

flexibility to accommodate possible further changes in 

technology as well as business operating conditions.

A holistic approach should be followed to achieve the goal from 

the  outset by Computational Fluid Dynamics (CFD)  simulation 

during design of data center and with CFD used through 

Operations, Commissioning and Retrofits.
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